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CHEMICAL, PETROGRAPHICAL AND MINERALOGICAL STUDY OF FIVE MINERALIZED
DRILL HOLES CONTAINING Au-Cu-(Te-) ORE (C2-, C3-, C4-, E- and K-ORE) AND
ITS IMMEDIATE SURROUNDINGS IN BIDJOVAGGE Au-~Cu ORE, FINNMARK, NORWAY -
WITH INTERPRETATIONS OF THE ADJACENT ALTERATIONS
Pertti Lamberg and PAaivi Toikkanen

ABSTRACT

Five representative ore sections were studied from Bidjovagge Au-Cu ore. C2
(drill hole S1281) and C3 (S144F) represent typical Cu ore. C4 (S154B) is a
subeconomic Cu-Au mineralization hosted by metadiabase. E ore (N20E) is
ctassified 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 C] 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, C1, P & Cr concentrations.

Two metadiabase types can be specified by their different Alp03/Ti0» 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 (Ko0 = 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 Ci
are associated with each other and this element group is called phiogopite
forming elements (PFE's). Phlogopite forming elements (PFE's: K, Mg, Rb, Sr, Ba,
Y) are occasionally, clearly associated with C1 and P and have negative
correlation with Cr showing metadiabase association (MDBA) in these cases.

A1l 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 (OMbs,
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 stabhility of dolomite).
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CHEMICAL, PETROGRAPHICAL AND MINERALOGICAL STUDY OF FIVE MINERALIZED
DRILL HOLES CONTAINING Au-Cu-({Te-) ORE {C2-, C3-, C4-, E- and K-ORE)
AND ITS IMMEDIATE SURROUNDINGS IN BIDJOVAGGE Au-Cu ORE, FINNMARK,
NORWAY

WITH INTERPRETATIONS OF THE ADJACENT ALTERATIONS

Pertti Lamberg and Paivi Toikkanen

1 INTRODUCTION

Mine geologist Markus Ekberg of Bidjovagge mine ordered a chemical
and petrological study cof five Bidjovagge 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).

Geology: Anttonen et al. (1990), Bjdrlykke et al. (1987, 1991),
Hollander (1979), Holmsen et al. (1957)

Gecochemical characteristics: Nurmi et al. (1991)

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

Production mineralogqgy and processing: Ekberg & Sotka (in press),
Palogsaari (1989, 1990a, 1990b), Palosaari & Hinninen (1989,
1990a, 1990b), Sctka (1987, 1988)

Datings: Bjdérlykke et al. (1990)

Fluid inclusion studies: Bjdérlykke 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
cne 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 1s 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, 3a, 4a and 5a).

Table 2.1. List of the samples studied in this report.

Ore | Drill | Samples Rock types Ore oﬁi’ Host rock in
type | hole | from the ore
interval
{m)
K HOSF | 1.8-63.8 ABFST, D8, 23, 35-45| ABFST, (DB)
KKB
E N2OE | 40.0-219.0 | ABFST, KRB, 190-200 ABFST
MOB _
c2 S1281 | 20.0-121.4 | ABFST, MDB, 70-80 ABFST, (ML)
ML
C3 S144F | 60.0-160.0 | ABFST, ML 118-122 ABFST
c4 S154B | 60.0-160.0 | MDB, ML, 102-110 DB
| ABFST
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Fig 2.1 Geological map of the Bidjovagge 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 Gecanalytical Laboratory. Sample
preparaticn for chemical analyses has mainly been made at
Bidjovagge. Powdered samples were briquetted and analysed in

Geoanalytical Labecratory by Philips PW-1400 XRF-spectrometer, which

uses Fundamental Parameters (RRFPO) correction program (Ala-Vainio

1986). Au content of the samples was analysed at Bidjovagge except

for the sample S154B/60.6, which was analysed at Geocanalytical
laboratory in Outokumpu. The results of the analyses are given in
Appendices 1b, 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-dilagrams 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 1lc-d, 2c-d, 3c-d, 4c-d and 5c-d.

For the calculation of normative mineral composition the chemical
composition of scapclite 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

Table 3.1. Abbreviations used for minerals and rock types

- abb nae | abb name
af = amphibole na = paragonite
ab = albite phl = phlogopite
bt = biotite plg = plagiociase
chl = chlorite pn = pentiandite
cp = chalcopyrite po = pyrrhotite
crb = carbonate Py = pyrite
da = davidite gtz = quartz
dol = dolomite ru = rutile
grf = graphite sca = scapolite

[ ilm = ilmenite sp = sphalerite

| mt = magnetite tit = sphene

i mu = muscovite zir = zircon
ABFST = albitic felsite

1 DB = diabase

| KRB = carbonate rock

| MDB = metadiabase

1 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 example
Appendix 3 in Cox et al. 1978). 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, metal, Cl and S) preducing 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 mclecular
weight when only one cation is present (e.g. Si0;, FeO) and half
the molecular weight when two cations are present (e.g. Alp03,
Nap0O). 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 cf every 100 (cations + 3
+ Cl) in the rock 49.5 of them are Si. The cne-ion percentages are
given in Appendices le, 2e, 3e, 4e and- 5e.

Normative mineral composition of each sample was calculated from
the one-icon percentages. For amphibole and scapclite 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 given in
Appendices 1f, 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.

Carbconatizaticn 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. Hénninen (1983) and Sotka & H&nninen
{(1983) have determined the composition of Fe-sulfides by electron
microprecbe 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. 1In K ore melonite (NiTejp) is common telluride and can
carry significant amount of Ni (Palosaari and H&nninen, 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 alsc Lamberg & Hautala, 1990).
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4 CU ORE 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 Bjdrlykke 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 gold (1-2 g/t Au)
{Ekberg & Sotka, 1991).

Drill hole S128I {C2-core) intersects black schists with thin
graphite felsite parts (not shown in the legends of the Figures),
albitic felsite, which also hosts the Auv mineralization, and
metadiabase dykes {(Appendix la). Rock type intervals and data on
the samples from each rock type are given in Table 4.1.

Table 4.1. List of the sampies of C2-ore.

Ir T T 1l

| INTERVAL apCeTiet € amal i

i CSEMISTRY PE TROGRAPHY

| melres n depth (m)
0.0-21.9 mesacianase - -

| 21.9-30.0 alhitic felgiia i 26.3

| 36.0-58.0 hlack schist . -
49.0-53.8 alhitic feisiie ? 51.3
53.0-58.4 metadiztzse 2 55.%

| 59.4-71.5 alkiiie faigie 9 65.8, 70.3

| 71.5-76.3 nlack senis: -
76.3-318.0 albiiic Telsiie M Bl.&6, 91.8

112.5. 116.%

1168.0-121.4 bBlack schis: -

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 CO; and low in
COy are given.

Table 4.2 Average chemicai composition of different rock types in C2-ore.

ir T

KGO0  Fed Si02 41203 wa20  Cad (D2 Ti02 S Cu Au A1203/Ti02§
wiohe  wt.h who&  wil.B oWl B wl.h Wik wh.h wi.h Wi h ppm
ALBITIC Tow 002 7 1 55 10 7.5 7 3 0.45 12 1 0.5 75
FELSITE nigh C02 8 14 30 0 7.5 10 12 0.45 12 1 0.5 25
ORE low €02 . . . : y - . 3 - - 4 ,
high €02 4 16 20 8 5.5 § 3 0.4 12 6 5 20
METADIABASE  low CO2 - - - - - - - - -
nigh £62 7 g 25 0 6.5 3 § 1.3 2 0 0 g
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Diagrams of immobile element ratics (Figs. 4.1-4.2) point clearly
the different rock types and also Au ore in drill hole S128I.
Al503/Ti05 ratic is approximately 25 for albitic felsites versus 9
for metadiabases. Al;03/Cr;03 ratio is about 500 vs. 750,
TiO;/Cr03 20 vs. 80 and ZrO5/TiO; 0.025 vs. 0.010, respectively.
One sample within the albitic felsite (between 60-70 m) has got
immobile ratios characteristic for metadiabase. 1In between 20-30 m
metadiabase has got pecullar immobile element ratios: Al,03/Ti0O, =
30, Al,03/Cro03 = 600, TiOz/Cr203 = 20 and ZIO2/Ti02 = 0.03-0.04.

Albitic felsite and metadiabase doesn’t differ notably in chemical
compositicn (Table 4.2). Only TiO,, Cl and P;0g contents are
clearly higher in metadiabase. TiOs 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 P05 values are 0.15 wt.% and 0.05 wt.%,
respectively. Other differences in chemical ‘composition cf these
rock types are obscured by the highly varying COj-content in
albitic felsite (COp = 1-22 wt.%).

Au mineralization is located between 70 and 80 metres hosted by
albitic felsite, 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 Al;03/Ti0O; is lower than in albitic felsite being about
20, R1,03/Crp03 is about 400 and ZrO5/TiO, ratio is varying
strongly in the vicinity of the ore.

If chemical variations and their relations in rock types are
examined closer, 1t 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 ncticed both in
metadiabase and albitic felsite. Correlation matrix for C2 ore is
given in Appendix lc and rotated factor matrix in Appendix 1id.

COz 1is accompanied by Ca0, MgO and MnO (plus FeC 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) Si0O;, Al;03, Naj0O, ZrOsp,
Cr,03 and TiO; 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, Coc, 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, ¥, 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) (grouped in factor F9) and have positive
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 chemical features observed in drill hole S128I
is given below:

~ metadiabase can be distinguished from albitic felsite on the
basis of immobile element ratiocs, higher Ti, Cl1 and P
concentrations and lower Cr content (MDBA)
- other elements doesn’t show any marked differences with respect
to rock type
- some elements are asscciated with each other and they are grouped
and named in the fellowing way:
* carbonate forming elements (CFE’s): C, Ca, Mg and Mn
* immobile and silicate (albite + quartz) 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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Bidjovagge, C2-ore, drill hole S1281 (rock type legend simplified).
Ratieos of immobile elements as a function of depth.

The Cu-Au ore is located

roughly between 70 and 80 metres on both sides of hlack shist (marked by Tines).

Abbreviations: ABFST = alhite felsite, ML = black schist, MDB =

metadiabase.
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Fig. 4.2. Bidjovagge, C2-ore, drill hole S128I (rock type legend simplified).

Ratios of inmobile 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. 4.3. Bidjovagge, C2-ore, drill hole S1281 (rock type legend simplified).

Named elements as a function of depth.
70 and 80 metres on both sides of black shist (marked by lines).

ABFST = albite felsite, ML = black schist, MDB =

metadiabase.

The Cu-Au ore is located roughly between

Ahbreviations:
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Named elements as a function of depth.

70 and 80 metres on both sides of black shist (marked by lines).
black schist, MDB =

ABFST = albite felsite, ML =

The Cu-Au ore is located roughly between
Abbreviatiens:
metadiabase.
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Fig. 4.5. Bidjovagge, C2-ore, drill hole S128I (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. 4.6. Bidjovagge, C2-ore, drill hole S1281 (rock type legend simplified).

Named elements as a functien 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 = alhite felsite, ML = black schist, MDB = metadiabase.
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Named elements as a function of depth.
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Named elements as a function of depth.
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ABFST = albite felsite, ML = black schist, MDB =

The Cu-Au ore is located roughly between
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Fig. 4.9. B8idjovagge, C2-ore, drill hole S1281 (rock type legend simplified).
Named elements as a function of depth. The Cu-Au ore is located roughly hetween
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 51281

were selected between 26.3 and 116.5 metres.

compesition of the samples is given in Table 4.3.

Six samples (26.3 m,
are classified as albitic felsites.

51.3 m,

8l.6 m,

81.8 m,

Summary on the mineral

112.5 m and 116.5 m)
The groundmass of this rock

type is composed of fine grained slightly lineate or polygonal
albite and quartz grains.
accessories.

Table 4.3.

drill

3

for groundmass and the second for veins.
oxygen activity (fugasity) determination,

hole S1281.

Grain size is typically about 10 um.

Minerals are given in the order of abundance.
diameter of albite is given in micrometres; 1f two values are given, the first is

determination.

Ind:a(02) =

Rutile * ilmenite are common

Summary on the petrographical study on Bidjovagge C2 ore samples,
Abbreviations for rock types and minerals are given in section

CU ORE C2 / 18

In column ¢ab (um} the average

indicative minerals for
Ind:pH = indicative minerals for pH

ir

T

T

L}

T T
Degth | Rock fepresants Bround mass® minerazls vein mirerals éab I“C:aiﬁ?)[:r::;n Nate: reaciions 1
(m) tyje {um) eLe

26. 3] AB% ST least ah, gLz, ru, (1im) &f,pnl,qi2,po,cp, 18] po, (Vim) | ab-pa ragial af prisms
allered’ {pa,chl)

§1.3] ABFST “least ab, gtz ru, im py,chi,crb,ab,phl, 10/270| py, ilm ab af-»ch), sca-»chl ¢
altered” af, (sca) riy, Vim-2ru

55.5] “0A& “jeast ab,af,.pni,chl,sca,crh, - 430 py-ilm-mi| ab po inclusions in
altered” mt, i im, py, apa, (po) 1y

€5.3| M0a clese 1o ab, crbal, quz, ili,ry, ferh,2f, 410 450 py-iimemi| ab iim->ru, corse af
the ore apa,mt,ilm, py, 2sca

10. 3] CR@-+ Cu=idi ore crb,pa. chl, gi2,cp, co.py -l po-py pa Yra-achl+Cob

ABFST
8i.6] ABFST Cu-ai pre | ab, gtz ci8, ¢ gkl qlz, po,mt, 10/300] po-mi-py | ab gra-pghlisgcry 2
| py. el cnlzilm

G1.8| ABFST ciose to | ab, gtz cni #b,giz,py.me.Crb,eil, 10/200] py-mt ab phl-2ch

Lthe gre il ,Cp
112.5| ABFST Teast ab, qtz,chl, ru &k, oco2,oy, erhL.chl, s, 107200  py-11m, (m| ab |
aliered fm:) t)
116. 5] ABF 51 “Tpast ab, qt2.ru pa,crb, gtz py,ab,chl, 10{ py=po, 11m| pa-ab ¢hl in the contact
! altered” 2ga,cn,ne, iim helween vein and

host rock

All albite felsite samples are cut by numerous veins ranging from <
1 ym to 4 mm in thickness.

often they are irregular in shape:
and so on.

swelling,

Veins are sometimes parallel but more
branching,

pinching

In some cases velns are crosscutting each other but no
clear evidence about veins of different age can’t be found.
minerals occur alsc in groundmass,
grain size, and are included also in "vein minerals".

Vein

but differ from it by coarser
Many mineral

parageneses can be found in veins {(minerals in the order of
abundance):

af-phl-qtz-po-cp-pa-chl (no crb)
py-chl-crb-ab-phl-af-(sca->chl+crb) (51.3 m)

(26.3 m)

crb-cp-phl-qtz-po-mt-py-ab-chl*ilm-(sca->chl+crb ?) (Au-ore)
(81l.6 m)

ab-qtz-py-mt-crb-phl-chl-cp (close to the ore)

ab-qtz-py-crb-chl-ilm-mt (112.5 m)

pa-crb-qtz-py-ab-chl-apa-cp-po-ilm (116.5 m)

(91.8 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 gm. 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 sample 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 um 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, ocuter faces are often extremely
rugged and the grain size is typically about 50 um.

Towards the ore the amount of veln 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 um) with chalcopyrite-pyrrhotite-pyrite sulfide assemblage

- the amount of carbonate(s} increases

- the amount of phlogopite + 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, apatite & pyrite as accessories.
Texture is unoriented and homogenecus. Grain size is distinctly
coarser than in albite felsite (¢ = 750 um vs. 10 um,
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
clincamphibole. Scapelite occurs as large (poicilitic or
porphyroblastic) grains enclosing albite, biotite and amphibole.
Along the cleavage planes scapclite has altered to chlorite.
Carbonate occurs as small anhedral inclusions in albite.

Sample 65.8 m (close to Au ore) 1is somewhat unique. It is

composed:

1.) mainly of metadiabase like albite (¢ = 600 um), magnetite and
rutile + minor biotite, ilmenite and carbonate (as inclusions in
albite). Ilmenite has altered to rutile.

2.) of irregular portions of albitic felsite like fine grained (¢ =
30 um) albite * quartz

3.) of up to 3 mm wide coarse grained (¢ = 0.7 to 1.0 mm) veins of
carbonate, amphibole, albite, pyrite + minor guartz

Au-ore sample 70.3 m is coarse grained (¢ = 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) 1s presented.
In albitic felsites the degree of carbonatization (CarbInd)} equals
to Ca+Mg/(Ca+Mg+Fe), in other words, as atomic percentages C eguals
to Ca+Mg. Atomic relation Ca/Mg equals to 1. Thus, in albitic
felsites the most likely carbonate species is dolomite. 1In
metadiabases Ca and Mg are incorporated alsc in other minerals
(amphibole, phlogopite, chlorite, scapolite), but dolomite is the
most likely carbonate species also in metadiabase.

I 1
0 60 80 100 120

Dep'th. {‘r';w)
R R
L MoB T

Fig. 4.10. B8idjovagge, C2-ore, drill hole S$128I (rock type legend simplified).
Carbonatization diagram, dotted field = the degree of carbonatization
(C/(Ca+Mg+Fe)), lines from bottem 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 felsite,
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 1f. 1In
Fig. 4.11 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. b

Albite and dolomite are the dominant normative minerals in albitic
felsite and in metadiabase. Phlogopite, amphibole and especially
scapolite contents are higher in metadiabase. Phlogopite content
is excepticnally high in metadiabase located between 20 and 22
metres. Albitic felsite is richer in albite and sulfides.
Dolomite content varies widely in both rock types. Normative
guartz is almost absent.

Il MDEB ABFST
Fig. 4.11. Bidjovagge, CZ2-ore, drill hole S1281 (rock type legend simplified).
Normative mineral composition. Fields from lower edge to the top edge: phl =
phiggopite (white), af = amphibole (cross hatched), dol = dolomite (white), ab =
albite (dotted), qtz = quartz {white), sulf's = sulfides (chalcopyrite +
pyrrhotite + pyrite) (black). 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 in rock type legend: ABFST = albite felsite, ML = black schist,
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. 1In
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.

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 (white), 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. 1In 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
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Bidjovagge, CZ-ore, drill hole $128I (rock type legend simplified).

Fig. 4.13.

Normative mineral composition of the Cu-Fe-sulfide phase.
chalcopyrite (black), py = pyrite (white), po =

The Cu-Au ore is located roughly between 70 and 80 metres
on both sides of black shist (marked by lines).
legend: ABFST = albite felsite, ML = black schist, MDB =

edge to the top edge: c¢p =

pyrrhotite {dotted).

pyrite/(pyrrhotite+pyrite)

{ pys(py+po)-1

Fields from bottom

Abbreviations in rock type
metadiabase.

(=py/(py+po)) ratio reaches its maximum
) and ratio lowers towards the centre of the vein as

well as towards the black shist ( py/(py+po)=0 ).

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 S128I (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 abnormal
immobile element ratios:

- Al,03/TiO, = 20
2V3 2
- Alo03/Cr;03 = 400
- ZrOZ?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 Tio,, Cl and
P-0g.

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. YGround mass" is composed of
albite, gquartz and rutile in both albitic felsites, but the amount
of crosscutting veins increase and their composition change towards
the ore:

the amcount 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 alsoc an
example of the copper cre type of Bidjovagge deposit (Bjorlykke 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 of
the drill hole there are alsc 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.

Table 5.1. List of the samples of C3-ore.

I INTERVAL | ROCKTVRE | SANPLE W
CHEMISTRY PETROGRAPHY
melres n depth (m)

60.0-80.7 black schist

BC.7-62.4 aibiiic felgiie
62.4-88.10 black schist - .
868.10-i60.0 albitic felsite 38 95.5, 104.4, 104.6
109.3, 119.2, 120.5
130.7, 141.5, 152.8

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 CO; has been
regarded as a reference element.

Table 5.2 Average chemical composition of different rock types in C3-ore.

Mg0  Fed §i02 A1203 Nz20  Cad  €OZ  TiO? S Cu AU A1203/TiD2s
wh % wh . wt. % ni. b w5 wi b wh. % wh. % wh. b wh. 5 ppm
ALBITIC FELSITE iow COZ § 14 25 10 7 5 5 1 & 1 1 18
high C02 § 14 22 10 2 15 5 0.2 6 1 1 18
ORE low £02 1 18 20 10 z 3 1 0.6 13 & 14 '
high €02 X i : . : i : 2 - . :

A150;3/TiOjp-ratioc 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 Al;03/Cr03~ and
TiO;/Crp03-diagrams) indicate the location of the original contact
of two different rock types. 1In 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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Al;03/Cry03 ratio changes from about 500 in albitic felsite to 2500
in metadiabase and TiO;/Cr,03 ratio from 20 to about 500,
respectively.

T10, shows similar trends as immobile element ratios. The content
is 0.2-1 wt.% in albitic felsites with varying CO; content (Table
5.2). Again the highest TiO; content at the end of drill hole
(about 2.4 wt.%) points out the change in rock type to metadiabase.
P20s5 is also higher in metadiabase as well as Cl, which varies
quite widely, however, both in albitic felsite and metadiabase. C1
content decreases in the end of the drill hole to values typical

for albitic felsite (0.01-0.02 wt.%). Crp03 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 COZ (3 wt.%) (Table 5.2) (Fig. 5.6). The Au ore has
slightly lower Al503/TiO» ratio than albitic felsites being about
14. Like in the case of C2-cre, the mineralization here is
characterized only by having higher Cu and Au contents compared
with barren albitic felsite.

Similar correlations as in the C2 ore can also be found between
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). Fel, Ni, Co, S8, As and Ta are in the same factor with
strong positive loadings but correlation ccefficient 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. 1In other words, as soon as CofNi ratio
decreases from its maximum, Cl1 reaches its maximum.
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Fig. 5.1. Bidjovagge, C3-ore, drill hole S144F {rock type legend simplified).
Ratios of immobile elements as & 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, MDB =
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, MOB =
metadiabase.




QUTOKUMPU MINING SERVICES Report
Geoanalytical Laboratory 074/Bidjo, ore types/PPL,PT/1991
Lamberg & Toikkanen 23.8. 1991 CU ORE C3 / 32

BIDJOVAGGE, C3—-0RE / S144F

0.8 - - - — = =
0.7" Mmo - L]
0.6 -
0.5 -
b I
L 0.4- ,
=
0.3 -
0.24 P205
0. o
|
60
0.08 =
0.07 -
OO6H .++*+
0.05 A R
0,04 - bW .
= } >
0.03 -
i
0.02 - ._
0.01- I |
o+t o1
60 80 100 120 140 160
L T
ML ABEST MDB

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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Named elements as a function of depth.
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Bidiovagge, C3-ore, drill hole S144F (rock.type legend simplified).

The Jocation of Cu-Au ore is marked by a
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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
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Fig. 5.9. B8idjovagge, 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.

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 um.

Albitic felsites are cut by numerous veins, which are much coarser
than the host rock (400 ym versus 10 um, respectively). Mineral
composition in the veins varies (minerals in the order of
abundance):

- gqtz-crb-ab-cp-po~bt-py-tour-apa-scazru (95.5 m)

- crb-po-cp-ab-gtz-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 numerocus in ore samples
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Table 5.3. Summary on the petrographical study on Bidjovagge C3 ore samples,
drill hole S144F. Abbreviations for the rock types and minerals are given in
section 3. Minerals are given in the order of abundance. In column gab (um) the

average diameter of albite is given in micrometres; if two values are given, the
a(02) =

first is for groundmass and the second for veins.
minerals for oxygen activity (fugasity) determination,
minerals for pH determination.

Ind:

indicative
Ind:pH = indicative

1 Depth {Rock | Represents | “Ground mass® minerals | VYein mingrals dab 1 Ind:a(tJZ}I Ind:pH iMc:tes: reactioans Jr
(m) Lype R | (pm) etc
85.5 | ABFST *least ab,gqiz,ru qiz, crb,ah,¢p,po, 10/250| po-py ab
altered" pni, Py, LOur,ana, sca, tru
104.4 | CRB-R/ | COZ-rich ¢rb, ab, oo, no, ru, py 100| po-py ab
ABFST
104.6 | CRB-R/ | C02-rich crh, ab, phl, cp,po, Dy.mi 600| pa-py,mt | ab;po-py
ABFST ,mt
109.3 | CRB-R/ [clese to |- crh, ab, bhl, €p, s, 600| pe-py- i 1m| ab, pe-py
ABFST the ore amt #mt
119.2 | ABFST | Cu-Au ore ab,qtz,ru 25/250| pe-py-ilm| ab zhl-»chl
(+HDB} -mt
120.5 | ABFST | Cu-Au ore | ab.qiz .M, | 15/250] pe-mt-pys| ab, pa-mt | no ru
i'm -py
130.7 | MDE close to ab,crh,af, ru,po,py, i) 100 po-py. i1} ab
the ore ™
141.5 | MDE "least ab, crb, phl, chl, gtz, 500| i1m-po-py| eb-pa, pe | sca->chl+erp-
altered" tit,ru,na - -mg -py-mt phl+pa
152.6 | nDB *least ab, crh,phl, giz, ru, {crh, ehl,po, ci,py) 5C0i pa-py,ilm| ab 11m-»ruy, po-py
altered" -E.G_‘.ﬁ.:_n?..:‘i‘.-”ﬂ

~ the amount of carbonate(s) and sulfides
- magnetite is abundant in ore samples
- titanium is carried by rutile in albitic felsite sample 95.5 m

(far from the ore).

is higher in the ore

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

In the ore samples rutile is rare and

as stable minerals (all in contact with each other) in the cre
samples.

Samples 104.4 m,
pyrrhotite.
occur as accessories.

Metadiabase samples (130.7 m,

in sample 152.6 m).
replaced by pyrite.

106.4 m and 109.3 m are named as
They are composed mainly of carbonate(s), albite,
Biotite, chlorite, pyrite, magnetite
The grain size varies from
Albite is typically sub- to euhedral and quite coarse (¢ = 0.6 mm).

carbonate rocks.
chalcopyrite and
and ilmenite

70 ym to 0.8 mnm.

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 pyrrhotite is partly
Grain size is typically about 0.6 mm.

Sulfides occur as veinlets or dissemination filling albite

interstices.

change notably in mineral composition or in texture when the ore is
Only amphibole and magnetite contents in diabase seem
to increase towards the ore.

apprecached.

Amphibole occurs in veins with carbonate and
sulfides, which occur also in the host rock.

Metadiabase doesn’t
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5.4 Normative mineral composition

The mineral composition of each analysed sample was estimated on
the basis of chemistry, petrography and microprobe analyses. 1In
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
C3 ore. 1In 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 % CO5 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.
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Fig. 5.10. Bidjovagge, €3-ore, drill hole S144F (rock type legend simplified).
Carbonatization diagram, dotted field = the degree of carbonatization
(C/(CatMg+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 = bhlack schist, MOB = metadiabase.

Normative mineral composition was calculated using schedule
introduced in section 3. The result is given in Appendix 2f. 1In
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.

110 — p

ot

Y L N N L P e o P ]
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..sm&‘&bbﬁm prasetetets!
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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), gtz = 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). 1In albitic
felsites with high CO;, 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 Tocation of Cu-Au
ore is marked by a Tine. 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, MOB
= metadiabase.



OUTOXKUMPU MINING SERVICES Report
Geoanalytical Laboratory 074/8idjo, ore types/PPL,PT/1991
Lamberg & Toikkanen 23.8. 1991 CU ORE C3 / 42

DY +pi

(-
Ll
3 S

MDE

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 Al,03/TiO; 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



QUTOKUMPU MINING SERVICES Report
Geoanalytical Laboratory 074/81djo, ore types/PPL,PT/1991
Lamberg & Toikkanen 23.8. 1991 CU ORE C3 / 43

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 C4

6.1 Introduction

C4-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 C4 ore proved
out, however, to be small and thus subeconconic.

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.

Table 6.1. List of the samples of Cd-ore.

Ir T T 1

H TRTERVAL | ROCKTYPE SAMPLE

||‘ | CHEMISTRY PETRCGRAPHY

i meires [ " depth (m)

| 60.0-83.0 meiagizhase 7 50.6, 76.3

it B3.0-97.% black schist - -

; §7.5-118.0 metadiabase ik 98.§, 100.5, 102.5

i 103.5, 104.5, 105.5

i 106.5, 107.5, 108.5

N | 108.5, 110.5, 112.5

:u | ila 5, 115.5, 1ie.58

| 117.5, 118.5

‘! 119.0-154.5 hlack schist - -
154.5-1680.0 albitic felsite 3 157.8

6.2 Chemistry

XRF-analyses are presented in Figs. 6.1-6.8, where the ratios of
immobile 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 CO; has been regarded as a
reference element.

Table 6.2 Average chemical composition of different rock types in Cé4-ore.

i Mg0  FeD  Si02 Al203  Na2d  Cad 02 Ti02 5 tu Ay A1203/Ti02)|
wh. % wi % wh. % wi % wl. & wi & wt. % wh % wt.% wi. % Wik
ALBITIC FELSITE low CO2 3.5 2.5 57 5 6 3 1.5 0.6 1.5 o "
high £02 : : z h - - - - - - - .
ORE law €02 - z : - - > -
high €02 5 15 35 0 5.5 B 8 2 7 3 11 55
METADIABASE  low COZ 5 10 35 10 5 7 3 1.6 5 0.05  0.05 5
high €02 5 15 35 10 : 7 13 1.6 5 0.05 0.05 20

Al503/TiOp~ratio of albitic felsites (Fig. 6.1) is approximately 28
(Table 6.2), which is slightly higher than the ratio in C2 and C3
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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Al1,03/Cro03 is about 4500 in metadiabase versus 500 in albitic
felsite, TiO;/Cr;03 values are 900 and < 50 in albitic felsites and
Zr05/Ti05 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. P50g, TiOp, Cro03
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. Al,03/Ti0O5 and ZrO,/TiOp ratios indicate
metadiabase host, whereas Al,03/Cr,03 and TiO5/Cr,03 indicate
rather albitic felsite host. Other indicative elements TiOy,
Crp03, Pp05 and Cl show intermediate values. As a conclusion it
seems that Au mineralization is hosted by mixture a of albitic
felsite and metadiabase. Au content is approximately 11 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). Immocbile 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 €2 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

Ratios of immobile elements as a function of depth.
lTocated between 102 and 110 metres (marked by a line).
albite felsite, ML = black schist, MDB =
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, Cd-ore, drill hole S154B (rock type legend simplified).
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BIDJOVAGGE, C4—0RE / S154R
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Fig. 6.2. Bidjovagge, Cd4-ore, drill hole S154B (rock type legend simplified).

Ratios of immobile elements as a functicn of depth.
Tocated between 102 and 110 metres (marked by a line)
albite felsite, ML = black schist, MDB = metadiabase.

Cu-Au mineralization is
. Abbreviations: ABFST =
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Fig. 6.3. Bidjovagge, C4-ore, drill hole S154B (rock type legend simplified).
Named elements as a function of depth.
102 and 110 metres (marked by a line).
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Fig. 6.4.
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.

BIDJOVAGGE, C4—0ORE / S154B

| Nc20
| N _/-r'\
- - T 1
J / / | f
| T — :
Jd L/
k|
‘ 1
K20 : st
I » “4\.
}- = e T et g -—
60 &0 00 20 14l 160
o -
AN
VAR
- ) \
rF 4
u // \ .
_ i 1
- ; A - | [
Tig2 - \
| |
= ',-,- l
|
I\./ !
_ '/"‘\u
i T T T - T T T T
60 50 100 129 140 160
| 1
; 2205
| ;
| :
MI’]O ,"h‘t‘ - +
- CO
"\ i H
EAY R Y
b s ,"\_
o ST A
4. -.-r’f" R'- - - —
-'“-v"',_y,' T -: -
-
I e —— e - —— I
60 20 100 120 140 160

=

ML MDB T ABFT

Bidjovagge, Cd-ore, drill hole S154B (rock type legend simplified).



QUTOKUMPU MINING SERVICES Report
Geoanalytical Laboratory 074/Bidjo, ore types/PPL,PT/1901
Lamberg & Toikkanen 23.8. 1991 CU ORE €4 / 50

BIDJOVAGGE, C4—-0RE / S1548

: !

¥
iU
F3
03
f01
¥
g.00s
oo
i
¥ o.0
o0.003
Q.U
.04 =~
g.03a —
.03 —
i 0095 —
L
¥ s -
0.01s =
[*.
R B I } +
ALY
a6GeS w.\-r
alm -\-
Q@ 4 ey T — 7 T T =
60 84 100 120 140 160
b—y

v MDB ABET

Fig. 6.5. Bidjovagge, C4-ore, drill hole S154B (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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Bidjovagge, Cd-ore, drill hole S154B (rock type legend simplified).
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6.3 Petrography

For the petrographical study twenty samples from the drill hole
5154B 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 {$ = 4 mm) enclosing numerous albite, biotite,
amphibele, 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. 1In between these rock types a very coarse
grained (¢ = 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 um via 300 um (in
metadiabase) to 10 um in albitic felsite sample 106.5 um

- 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 um.

Albitic felsites are cut by numerous veins. Grain size is much

coarser in the veins than in the host rock (>100 gm versus 10 um,

respectively). The mineral composition in the veins varies

(minerals given in the order of abundance):

- crb-ab-qtz-po-cp-ilmtru (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-gqtz-py-cp-sca-potru (no crb) (in sample 157.8 m)

In the Au-ore sample 106.5 m (albitic felsite} rutile occurs as
small grains (¢ = 110 um) 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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Table 6.3.

drill hole S1548.
Minerals are given in the order of abundance.

3.

for groundmass and the second for veins.
oxygen activity (fugasity) determination,

determination.

Ind:a(02) =

Sunmary on the petrographical study on Bidjovagge C4 are samples,
Abbreviations for rock types and minerals are given in section

In column dab (ym) the average
diameter of albite in micrometres is given; if two values are given the first is

indicative minerals for
Ind:pH = indicative minerals for pH

T

Ll

r T T T K X N N
|.‘:t:‘.|' Rock Represenis | "Ground mass® minerals vein minerals 2(22) | 'nd:&{02)| Ind:2H Wowe: reactions
i (m) Lyte {ud il
60.6 | MOE “least ab,af,sca,phi, chl, (erh-ab-giz) 1000] iTm-py ah sca-»chl:erh,afl->¢
| aliered” ilm,py,ru rh
76.3 | ABFST “leas: ah,iqtz,ru erb,ab,po. cot lmmt i00] =o, 11w, =, | ab;po,m
aliereg” ghl, (oy) (py}
g98.5 | »08 close to ab,¢rb,sca,phl, 11m, 800 po-py ab ph --»:HT,sca-,:H,:
the ore chl,.po,cp. oy pe>py |
0.5 | vo8 close o ab,af,phl, ilm, (erb.enl) 1200] i1m-po-py| ab 25 schl |
the are po, cp, Py, tsca
102.5 | D8 clese io af,crb,sca,cp,po, Dy.Tu 210 po,py ab cépy not in
the are contact
102.5 ] "DE(:48( close Lo ab,crb, ehl, ru,cp, po &60G| pe, (py) ab py intrudes in po,
FST) the ore sca-»ghl
05.5 | mDE close Lo ab,crb,af, phl, chl,ru, (erh, €050, 11m, w13 808] pe, 11m-ar| a2;po,mi | af-2ch]
the gre cp,po, ilm mt
i05.5 | M08 Cu-4u ore ab,crb,nhl, ep, po, ru, {erh, cp, ;o) 300 pe-mt, (py) a5
mt, iim, (py) )
108.5 | ABFST Cunu ore ab, ru, iqiz ab.giz.crh, chl, ru, 20, 10450] po-oy o phi-2chl, enisphl
po, €p. {Dy), it
107.5 | ~DB close to ab,erb, eh!, phl, ru, - 00| pe, oy ab af-schl, ghlxch!,
the gre po,cp, py, chl pr veinleis
10B.5 | M08 close o ab,af,crb,chl,pht, sca, {cp, po,py, B, chl, =11z} 800 pe, {py) &b af->chl, sea->ehi
the are 1im,cp, po, py
108.5 | ~08 close 10 ah,crh,chl,af,sca, BCO| pe- (py).1] &n af-»chi, sca-»chl
the gre 1lm,zo, cp, (oY)
110.5| »08 clipse io ah, pnl,af,sca,erh, iim, 900{ pe-py, 11m| ab,pa sca-2chi
the gre po,cp, Py, ba, tmu
112.5 | M08 clese to ah,af,phl,chl,sca, (pn,cz, pv, Vs, ore, chl) 900| pe-ny, 11m] 2k pkl-sehl, ru->ilm, a
the gre ry,po,.cp. ilm, py finel. in sca
i 114,5| M08 close 10 ab,af,crb, sca, chl,phl, 400| pe, (py).i| ab
the gre apa,ilm,cp,po, py Im
5.5{ np3 close to ab,crb, chl,phl, - 300| po, i1m, (p] ab
the ore t1m, po, cp, (py) ¥}
116.5 | MOB(+AB| clese to ab,phl, erb, pafmu, - 100| py &b, pafmu | pa surrounded by
FST) the gre ru.py.co ab shell
7.5 | nba close .9 ab,phl,crt, pafmu, sca, . 100f py-{pc) | ab,pafmu| sca-»chl, pa incl.
the ore chl,ru, py, €p.po in sca
118.5% | CRE-R close io crh,ab, pafmu, po, €p,py - <00 po, Dy &b, pafmu
the a-e
157.8 | ABFST “least ab,Tu ab,phl,qgiz, 57, cp, 107200 py-po ah
altered” SCa, PO, tru

amphibole [or scapolite ?77).
they have relic outlines of ilmenite.

Clusters are located
Thus rutile

product of ilmenite located in vein.

in vein(s) and
is an alteration

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 atemic ratio Mg/Ca equating
unity - dolomite. 1In the metadiabase and in the albitic felsite in
the end cf the drill hole (> 157 m) Mg and Ca are carried also by
other minerals.

L ————— A S [V o W e B A Rt b b8 iyt

%

ABFST

Fig. 6.9. Bidjovagge, C4-ore, drill hole S154B (rock type legend simplified).
Carbonatization diagram, dotted field = the degree of carbonatizatien
(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
= metadiahase.

Normative mineral composition was calculated using schedule
introduced in section 3. The result is given in Appendix 3f. 1In
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).

ML MDB T | ACFST

Fig. 6.10. Bidjovagge, Cd-ore, drill hole S154B (rock type legend simplified).
Normative mineral compositicn. 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 (cress 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.

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. 1In 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
= phlegopite (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
1s 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. 1In 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 S154B (rock type legend simplified).
Normative pyr1te/(pyr1te+pyrrhot1te) {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 C1l,
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 gm via 300 um (in
metadiabase) to 10 um in albitic felsite sample 106.5 um
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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
cf 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.
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7 Au ORE E

7.1 Introduction

E-ore is a representative of the gold ore type of Bidjovagge
deposit (Bjorlykke et al., 1991; Ekberg & Sotka, 1921). It is
located about 1 km to north from C-ores as shown on the map in
Figure 2.1. Gecld ore type is characterized by having less
sulphides than copper ore type, mainly pyrrhotite and pyrite, also
minor chalceopyrite (0.1-0.5 % Cu), and having tellurides, davidite
and gold (5-20 g/t Au) (Ekberg & Sotka, 1981).

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.

i INTERVA 1 ROCKTYPE 1 SAMPLE i
CHEMISTRY FETROGRAZ =Y

malres n depth (@)
40.0-43.C metadiabase - =
243.0-149.0 albitic felsite 11 46.5, 62.5
106.5, 150.6

0w
K]
n

5.0 carbonate rock -
i:.5 aibitic felsite 19 165.5, 1B5.%

(¥ el

o
1

ddddddddd

211.5-219.0 metagdiabase 1

7.2 Chemistry

¥RF-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
approximate values are given in Table 7.2, where the content of COjp
has been regarded as a reference element.

Table 7.2 Average chemical composition of different rock types in E-ore.

Au A1203/Ti02)
pe

0.1 25
0.1 25

Mgl Fel Sigz  Al203 Na20 tao £oz2 Ti02 S

wi % wi. % wi % wi % wt % wi. % wh. % wi % Wi &

ALEITIC FLLSITE low C02 5 5 60 15 8.5 5 5 0.6 3
high C02 ] 12 35 15 5.5 13 13 0.35 9

[l B

GRE low CO2 B 55 15 8 3 3 0.6 4
high €02 - - - - - . - - -

v
[

1.5 20

METADIABASE  lgw CO2 7 15 50 10 4.5 § 3 0.65 5 0 0.7 15
high €02 - < . - - - - - : - - -

Al,03/TiOs~-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, €3 and C4 ores and given
by Lamberg & Hautala (1990) for metadiabases. Also other contents
for immcbile 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 hele (211-219 m). 1In 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 Al1,03/Ti0O; 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 before.
Immobile and silicate-forming (ab + gtz) elements (ISE’‘s) behave
identically and have negative correlation with carbonate-forming
elements (CFE’s). Phlogopite-forming elements (PFE‘s) K, Ba and Rb
are grouped together. Chloride 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, driil hole N20E {rock type legend simplified).
Ratios of inmobile elements as a function of depth. The location of Au ore is

marked by a line.
carbonate, MDB =

Abbreviations: ABFST = albite felsite, KRB = rock rich in
metadiabase.
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Fig. 7.2. Bidjovagge, E-ore, drill hole N20E (rock type legend simplified).

Ratios of inmobile 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. 7.3. Bidjovagge, E-ore, drill hole N20E (rock type Tegend simplified).

Named elements as a function of depth.
Abbreviations: ABFST = albite felsite, KRB = rock rich in carbonate, MDB =

1ine.
metadiabase.

The location of Au ore is marked by a
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Fig. 7.4. Bidjovagge, E-ore, drill hole N20CE (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
gquartz the fine grained (é = 10 um) 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 ¢.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-qgtz-tit (46.5 m)

- af-bt-crb-gtz-ab-ru-py-cp (62.5 m)

~ gtz-ab-chl-{rare py & ilm) (106.6 m)

- crb-af-ab-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 uym vs. 10 um, respectively)

- py-gqtz-(minor pa-chl-af-ilm-rutmt) (189.5 m)

- py-cp-bt-crb-ab-ilm-gtz-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 i1s 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 fcocund in pyrite.
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Table 7.3. Summary on 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 ¢ab (gm) the average
diameter of aibite 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.

i Depth 1 Rock jRepregemg i “Ground mass” minerzls 'Vein minerals [¢(an) ; ind:a(GZ)' Ind:pH I.P«'tne: reattions H
(m) type () ete ]
2.5 | ABFST leas! ab,qtz,ru af,crh,ab, giz, tit 10/100] - zb f

altered' ;
62.5 | ABFST "leass &b,cuz, ru zf,phl,erb, gz, 20, py. cp | 1071001 py zh
aliereg’
106.5 | ABFST ab,ciz,ru Gtz,ak, chl, (py,ilm) 10/80) py,iim b I
140.6 | CAB-R { crb, oy, (cp) i -l py - I
165.5 | ABFST | ab,gtz, ru jerb,af,ab, tit, ru,pal, i1m| 107120 py,ilm | ab :
i |
1B85.5 | ABFST Close 1o | b, gqtz,ru crb, py, phl,af, gtz,ab,ru, | 10/130) py.ilm ah
the ore ilm, pa
189.9 | 22FST | Close o gb,qtz, ru oy.q:2,02,chl,af, ilm, ru, | 104150 py,ilm,zm| b, pa sea-»Ccnl
the gre E It _
4
185,24 | ABFST | Au-gre ab,qgtz, Ty py, R, phl,cth,ab, 11w, gtz] 107100 py, T 1m,mt| 2b f
- ,mt,chl, pa |

7.4 Mineral composition

The mineral composition of each analysed sample was estimated on
the basis of chemistry, petrography and microprobe analyses
(Appendix 7). 1In ¥Fig. 7.10 a carbonatization diagram is presented,
which shows that the most 1likely carbonate species in E ore are
calcite and dolomite. In most of the samples C equals with Ca
indicating rather calcite than dolomite. 1In some albitic felsite
samples poor in amphibecle, 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. 1In 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 cof depth.
Nermative 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)
c¢entaining 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 (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 calcitetdclomitetsiderite (=100). For more
details see text. The Tocation of Au ore is marked by a line. Abbreviations:
ABFST = albite felsite, KRB = rock rich in carbonate, MOB = 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 CO5. 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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It

Fig. 7.11. Bidjovagge, E-ore, drill hole N20E (rock type Tegend 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), qtz = quartz (white), sulf's = sulfides (chalcopyrite +
pyrrhotite + pyrite) (black). For more details see text. The location of Au ore
is marked by a line. Abbreviations: ABFST = 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). 1In 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, t-ore, drill hole N20E {rock type legend simplified).
Normative aluminium carrier diagram. Fields from bottom 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 =
metadiabase.
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Fig. 7.13. 8idjovagge, E-ore, drill hole N20E {rock type Tegend 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 Tine. 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 Tine. 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 Al;03/Ti0; ratio about 20. The ore lies about 15
metres from the metadiabase vein (211.5-21%.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

1

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 CRE K

8.1 Intreduction

K-ore is located less than 1 km to north from E-core, 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 gold cre type, but
it has a different mineralogy. Gold occurs mainly as tellurides,
calaverite (AuTej) 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. List of the samples of E-ore.

Ir T T L)

INTERVAL ROCKTYPE SAMPLE
CHEMISTRY PETROGRAPHY

meLres n agepth (m)
i.8-5.8 carbonate rock 4

5.6-93.0 aibitic felsite 17 10.5, 20.%5
23.0-26.2 diabase 4 248
26.2-29.3 alpitic felsite 3 -
29.3-32.0 carbonate rock 2 30.5
32.0-33.2 albitic felsite 12 2.1
43.2-50.0 diabase 6 46.6
50.0-62.9 albitic felisite 13 53.5, B1.E
62.9-63.8 diabase 1

8.2 Chemistry

XRF-analyses are presented in Figs. 8.1-8.6, 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 8.2, where the content of CO; has been
regarded as a reference element.

Table 8.2 Average chemical composition of different rock types in E-ore.

! g0  Fe0 S§i02 AI203 Na20 Ca0  COZ  Ti02 S Cu AU AI203/Ti0Z
wi.®d  wi®  wl.&  wl.A wi.®  wiE Wik wlh Wl R Wl R EpT
CARGONATE ROCK lom CO2 : - - . - - - - - : : -
high €02 10 § 35 10 45 15 25 0.4 2 0 o 22
ALBITIC FELSITE low CO2 3 3 S0 10 8 s 5 0.6 5 0 o 25
high €02 1 100 % 10 3 5 0.2 5 0 6 25
ORE Tow €02 1 3 s 10 8 a a 0.5 1 0 6§ 25
high €02 . - - . . - . . - - -
METADIABASE  low €02 . - - . < - . . - - . -
high €02 3 3 50 10 7 8 8 0.4 1 0 0 a5

Al,03/TiOs-ratio of albitic felsites (Fig. 8.1) is again 25 with
fluctuating CO, content (Table 8.2). The Alpy03/TiO; ratio is
exceptionally high for metadiabase being 45 (CO; = 8 wt.%). Note
that in C and E ore sections Al,03/Ti0O; ratio for metadiabase is
typically about 6. Carbonate rock and the ore have the same
Al,03/TiO» ratio as albitic felsites.
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Metadiabase can be distinquished from albitic felsites in addition
to its exceptional high Al1,03/TiO, ratio (Fig. 8.1) by its

-~ higher Al;03/Cr;03 ratio (Fig. 8.1),

- higher Ti027cr203 ratio (Fig. 8.2)

- higher K content (Fig. 8.4),

- higher P content (Fig. 8.5),

- higher C1l content (Fig. 8.7), and

- lower Cr,03 content (Fig. 8.5).

Ti0, 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 exceptiocnally high
concetrations in the ore {Figs. 8.8-8.9). Also MgQO 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. Immobile and silicate forming elements
(ISE’s) are accompanied together and have negative correlation with
carbonate forming elements (CFE’s) (F1l). 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 & FB).

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. Alsoc metadiabase
is extraordinary with high Al,03/TiO; ratio and high K50 content.
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Bidjovagge, K-ore, drill hole N95F (rock type legend simpliified).

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 N95F (rock type legend simplified).
Named elements as a function of depth. The Jocation of Au-Te ore is marked by a
Tine. 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, OB = 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 Tocation of Au-Te ore is marked by a
Tine. Abbreviations: ABFST = albite felsite, DB = diabase, KRB = rock rich in
carbonate.
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Bidjovagge, K-ore, drill hole N95F (rock type legend simplified).
Named elements as a function of depth.
Abbreviations: ABFST = albite felsite, DB = diabase, KRB = rock rich in

The location of Au-Te ore is marked by a
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Fig. 8.9. Bidjovagge, K-ore, drill hale 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.

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 (C2-, C3-, C4- and E-ore).
Polygonal albite and quartz plus accessory rutile grains (¢ = 10
um) forms the groundmass of albitic felsites. Numerous veins of
about mm in width cut the host rock (minerals given in the order of
abundance) :

- gtz-crb-po-py-bt-chl-cp-ru (20.5 m)
gqtz-cp-po-py-crb-ab-chl-ru-pa-ilmtmt (Au-ore, 42.1 m)
af-crb-py-gqtz-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 (¢ up to 6 mm) and they got numerous small
(6 = 10 ym) 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 O in 53.5 m and in 61.6 m.

Table 8.3. Summary on 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 ¢ab (ym) 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.

H[]epth | Rack iRepresents i *Ground mass” minerals i\'ein minerals I i Ind:a(ﬁ?)T Ind:pH i Note: reactions i
i (m) type | ele I
I 10.5| CR8-R "least erb,ab,chl,ctz, co,py, iim| - 270 py,11m ab sca->crb+chl
altered” |
20.5 | ABFST | "least ab,gtz,ru giz, €75, po. py.phl,chl,cp| 10/120) po-py ab phi-=>chl
altered" ru
24.5 | 08 metadiabase | ab,phl,crb, scz, pa, chl,po| - 450} po-py ab, pa sca->chl, pa inci.
PBY.TU, CP in ab
30.5| CRE-R | high CO2 ¢rh,qtz, chl,ab, phl,po, py| - -1 pa-py ab sca->thiscrbiqtz
Ep
42.1 | ABFST | Au ore ab,qtz,ru qtz,cp, po, py.crb, ab, chl, | 10/150) pa-py, i1m| ab,pa
ru,pa,ilm,m; ,imt
46.6 | CRE-R close to crh,qtz,cp, oy, pe - ~| py.po ab
the gre
53,5 | ABFST ab,qtz, ru af,crh, py.qtz,phl, ru, tiz] 10/200] py {ab
Bl.6 | ABFST *least ab, gtz ru &f,erb, py,qiz, ab, pa,phl, | 10/150{ py ab,pa
altered" Ty

Samples 10.5 m, 30.5 m and 46.6 m are named as carbonate rocks.
They are composed of carbonate and gquartz plus sulfides. 1In
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 ram 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 (¢ = 15-50 um) 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. 1In
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. 1In
mineral calculation, however, all C was calculated to be bound in
dolomite.
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Fig. 8.10. Bidjovagge, K-ore, drill hole N95F (rock type legend simplified).
Carbonatization diagram, dotted field = the degree of carbonatization
(C/(CatMg+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.
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Fig. 8.11. Bidjovagge, K-ore, drill hole NI95F {rock type legend simplified).
Normative mineral composition. Fields from lower edge to the top edge: phl =
phlogopite (white), af = amphibote {cross hatched), dol = dolomite (white), ab =
albite (dotted), qtz = quartz (white), sulf's = sulfides (chalcopyrite +
pyrrhotite + pyrite) (black). For more details see text. The Tocation of Au-Te
ore is marked by a line. Abbreviations: ABFST = albite felsite, DB = diahase,
KRB = rock rich in carbonate.

Al-carrier diagram is shown in Fig. 8.12. Albite is the dominant
Al-carrier. 1In 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 teo
other Al-carriers {albite carries > 95 % of Al).
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Fig. 8.12. Bidjovagge, K-ore, drill hole N95F (rock type legend simplified).
Normative aluminium carrier diagram. Fields 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, OB = 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 ere is marked by a line,
Abbreviations in rock type legend: ABFST = albite felsite, DB = diabase, KRB =
rock rich in carbonate.
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Fig. 8.14. Bidjovagge, K-ore, drill hole N95F (rock type legend simplified).
Normative pyrite/{pyrite+pyrrhotite) (py/{(py+po)) ratio presented as a function
of depth. The Tlocatjon of Au-Te ore is marked by a Tine. 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 C02 (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 MgO 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. 3Also metadiabase
is extraordinary with high Al,03/TiOs ratio and high K;0 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. (2 (drill hole 8128I) and C3 (S144F) represent typical Cu
ore. C4 (8154B) 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.

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
notably. 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 2.1).

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 (Tables
4.2, 5.2, 6.2, 7.2, 8.2 and 9.1).

Two metadiabase types can be specified. In €2, C3, C4 and E ores
the Al503/Ti0O; 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). 1In the metadiabase of the K ore section Al,03/TiO;
ratio is higher than in the albitic felsite, being about 42.
Another marked difference is K content, which is higher (K50 = 1-3
wt.%) in the metadiabase of the K ore section than in other ores
(typically K20 < 1 wt.%). 1In the beginning of C2 ore section
{depth 20-30 m in the drill hole S1281) a metadiabase sheet
resembling those in K ore with high K content (up to 4 wt.%) and
high Al1503/TiOy 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, 2r, 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.

Aly0y | Al0, Ti0, Zro,
Ti0, ; Cra, €r,0, Tio,

Rock Ore Ti02 | P205 | Cr203 1 K

type

015 | >0.050 | 1
.005 | >0.020 | 0.2
.003 | >0.080 | 0.6
.010 | 0.060 | 0.5
.005 | >0.080 | 1-3
.030 | 0.010 | <0.1
025 | 0.010 | <0.1
.030 | 0.020 -

.025 | 0.015 | 0.1
.020 | 0.010 | <0.1

2| s 900 | 135 | 0.014 | 1.7 | 0.15
META ¢3 | 5 | 3000 | 600 | 0.012 | 2.4 | 0.30
DIABASE| €4 | 5 | 4500 | 900 | 0.010 | 2.6 | 0.30
E | 15 | 80 | 60 | 0.020 | 0.6 | 0.05
42 | 4000 | 80 | 0.035 | 0.5 | 0.50
c2 | 25 | 500 | 20 026 | 0.5 | 0.05
ALBITIC| €3 | 22 | 500 | 20 .020 | 0.8 | 0.08
FELSITE| c4 | 27 | 600 | 20 040 | 0.4 | 0.05
E | 26 | s00 | 20 023 | 0.5 [ 0.05
K | 23 | 500 | 20 023 | 0.5 | 0.05
c2 | 20 | 400 | 20 .020 | 0.4 | 0.07 026 | ©.010 | 0.5
ORE c3 | 15 | 500 | 20 .008 | 0.6 | 0.05 | 0.010 | 0.010 | <0.1

ca | 7 500 | 20 010 | 1.6 | 0.15 | 0.020 |0.02-0.2 | <0.1

E| 20 | s00 | 20 022 | 0.6 | 0.05 | 0.020 | 0.010 | 0.1

23 | 500 | 20 023 | 0.6 | 0.05 | 0.020 | 0.010 | <0.1

=]
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Albitic felsite is a very fine grained (¢ = 10 um) 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 ym vs. 10 um).

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
*chleorite). Other common minerals in metadiabases are the very
same occurring as "vein" minerals in albitic felsites: carbonate,
scapolite, sulfides, phlogopite, chlorite, magnetite, ilmenite +
occasicnally paragonite.

Carbonate rocks (or veins) are composed of carbonate, albite,
guartz 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.WK1l) 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 ratic
and chemical compositions of Fe-sulfides given by Hanninen (1983),
Sotka and Hanninen (1983). Variations in the composition of
Fe-sulfides, two (or more) generations of pyrite (H&nninen 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. 1In 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).

CofNi min in the centre of the metadiabase sheet
Cl, K, P max in metadiabase close to the contact
Co/Ni max contact

Ce-La-Nb-Zr max in albitic felsite

(Pb~Zn) max in E cre

Cu max ore

Au-U-Mo-Te-Ta max ore

Zn-Pb max 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: Al;03/Ti0Op = 20, Al;03/Cry03 = 400 and
Zr0,/Cr503 = varying from 0.01 to 0.02.
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Cre 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 porticn (< 1 m) identified
according to immobile element ratios, high TiOj, C1 and P;0g.

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 amphibole and phlogopite increases in
albitic felsites towards the ore

9.2 C3 ore

C3 Cu-Ru 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 Al;03/TiO;p
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
simultanecusly {3.) change in dominant iron sulfide from pyrrhotite
to pyrite.

9.3 C4 ore

C4 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 copposite to Cl, as stated alsc in C2Z and C3
ores. Highest Au and Cu content coincide with Co/Ni maximum in the
central part of metadiabase sheet.

According to petrographic observations the mineral compecsition of

metadiabase changes towards the ore the following way:

- albite content increases

- grain size of albite decreases from 1800 um via 300 gm (in
metadiabase) to 10 um in albitic felsite sample 106.5 um

- amphibole content decreases

- scapolite dissappears

Au-ore sample 106.5 m is classified alsc according tc petrographic

observaticn 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
phlogcopite 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 Al,03/Ti0O; ratio about 20. The ore lies about 15
metres from the metadiabase vein (211.5-21%.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 prcbable 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 ratioc. 1In 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 mineralization i1s 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 €02 (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 MgO content is remarkable low with
respect to barren albitic felsites.

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. Alsc metadiabase
is extraordinary with high Al;03/TiO, ratic and high K;0 content.

No clear change in the mineral composition of the veins in albitic

felsites can’t be found when the cre is approcached. Some remarks

are, however, listed below.

- chalcopyrite is the dominant sulfide in Au~ore and in other
samples it is Fe-sulfide {(pyrrhectite or pyrite)

- Fe-sulfide ratio pyrrhotite/pyrite changes from about 1 in 20.5 m
via 2 in Au-ore (42.1 m) to O in 53.5 m and in 61.6 m.

Carbonatization degree i1s low in the ore (< 50 %) with respect to
low Mg and high Ca content (Mg/Ca close to Q) indicating that
carbonate species would be calcite. The ore is characterized by
low normative delomite 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 eof the ore.
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10 DISCUSSION

The following discussion is just an outline and the aim of it is to
point ocut 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 .

- Bjdrlykke 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 COj;) 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.

Calculated alterations of the black shist (Bidjo/5, Lamberg &

Hautala 1990) via barren albitic felsite (oxidized meta black shist (OMbs)
)(Bidjo/3, Lamberg & Hautala 1990 and C2 $1281/63.00 m) to ore hosted aibitic
The composition of the initial sample {black
shist), altered samples, normalized compositions (MORM) {with respect to Ti) and
the per centage of alteration (%).

felsite (OMbs) (C2 S1281/77.43).

Sample | 5/Bidjc. | 3/Bidjo. NORM % £3.00  HORM % 77.43  oRw %
ML ABEST ABFST ABFST
anal. no. 8930094 8950082 B377962 BAT79E9
5102 50.200 65.790 54.985 -8.7 62.100 19.522 32.1 52,800 50.072 33.G
TiD2 0.623 £.780 0.843 0.0 0.502 0.643 .0 n.a2: £.643 £.C
41203 15. 620 | 18,100 15,745 -0.3 13.000 16.651 5.4 9,420 14,285 -6.6
£r203 0.017| 8.027 0.022 30.6 £.023 0.029 §3.3 D.025 0.038 120.8
v2e3 0.017 0.011 2.076 50.0 £.C18 0.02: 215 0.019 0.028 65. 4
el 0.683 g.581 0.478 -27.8 5.950 7.632 1051, 12.240 18562 2699.7
*#n 0.008 0.622 0.018 106.1 0.085 £.159 11481 0.538 0.059 573.8
gl 0.27% 2.875 £.038 -78.6 1,690 2.183 701.7 1.823 2.762 827.2
a0 0.412 1.545 1.279 208.1 3.046 3.594 825.1 7,962 4.289 95¢,5
B2 G.007 0.003 £.002 -82.7 0.001 0.001 -81.7 0.008 0.0:2 73.3
K220 8.300 15.500 B.656 £.3 9.350 11.989 4.8 6.730 10,208 73.0
K22 0.242 C.158 0.128 -42.8 0.083 0.115 50.8 0.181 0.274 13.4
Iro2 0.016 0.013 0.015 1.9 0.013 .01 3.6 0.008 G.Ci4 -11.1
205 0.048 0.073 0.080 5.4 0.058 0.074 52.8 0.046 2.079 45.3
o2 78.004 7.133 1.758 -e7.7 4,583 5.870 -82.5 4,405 6.573 -91.4
€ 21.288 0.562 C. 480 -97.7 0.£02 160.0 0.000 100.0
£ 0.005 0.003 0.002 -50.5 0.005 0.008 53,7 0.013 0.020 284.3
Cu 0.005 5.508 0.00% 25.3 0.004 0.005 10.2 4.760 1.2:9 144272
n 0.001 0.002 0.001 14.1 0.000 £.000 -108.9 0.003 0.G604 276.5
Ni 0.002 0,001 0.0m -48.5 £.018 0.025 1453.1 0.038 0.057 3454.3
Co 0.000 0.001 0.002 271.0 0.031 0.039  19497.4 0.G50 0.076  3i736.9
Po 0.009 0.006 0.605 @. 000 0.000 0.001 0.002
5 0.100 6.015 0.012 -87.6 3,890 5.111 5610.7 §.320 14134 14033.9
As (ppm) <0.1 <0.1 £.600 0.240 0.307 11.000 16. 682
Sum 164.761 101.783 83. 906 -£9.1  104.577  133.950 -18.7  185.306  158.857 -3.1
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Fig. 10.1. Isocon diagram after Grant (1986) showing initial sample (meta black

shist (Bidjo/5, Lamberg & Hautala, 1990)) and altered sample (oxidized black

shist (Bidjo/3, Lamberg & Hautala, 1990).

drawn.

Lines for constant A1, Ti and mass are
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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
Lines for constant A1, Ti and mass are

black shist (C2 ore, S1281/63.0 m).
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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
Lines for constant Al, Ti and mass are

black shist (C2 ore, S128I1/77.43 m}.

drawn.
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10.1.2 Metadiabase(s)

Diabasic texture indicates that primary minerals in diabase have
been plagioclase (as eu- te 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. 1Initial sample has been taken from Lamberg and Hautala
(1990). The alterations in metadiabase samples given in Table 10.2
are almost equal showing increase in CFE’s and SFE’s except Fe.

Tabte 10.2. Calculated alterations of the metadiabases from the proposed initial
composition (metadiabase) (Bidjo/7, Lamberg & Hautala 1990) to various types of
metadiabases 126.0 m (close to the ore: 3 ore, S144F/126.0 m), 134.0 m (high C1
content, C3 ore, S144F/134.0 m) and 154.0 m ("inner part" of the metadiabase
sheet, C3 ore, S144F/154.0 m). The composition of the initial sample, altered
samples, normalized compositions (NORM) (with respect to Ti) and the relative
alteration (%) is shown.

T T T T

Sample T/8idje. 126.0 NORM % 134.0 NORM % 154.0 KORM 5
HOH M8 HOB HEB

Anal. no. B830086 9056728 9058735 S056738
502 49,400 42.300 34.825 -29.5 42.300 37.539 -24.0 39.500 38.930 -21.2
Tig2 2.030 2.4380 2.050 6.0 2.310 2.050 0.0 2.080 2.050 0.8
A1203 13.700 11.800 $.715 ~28.1 11.300 10.028 -26.8 10.500 10.348 =24.5
Cr203 0.004 0.004 0.003 -20.0 0.004 0.004 6.0 0.003 0.003 -12.4
V203 G.124 0.060 g.ca8 -60.2 0.054 0.047 -61.7 0.048 0.048 -61.7
Fed 15.850 11,290 9.295 -40.6 12.220 10.845 =30.7 11.480 11.295 -27.8
Hno 0.094 0.189 €.156 65.7 0.131 G.116 23.8 0.149 0.147 56.4
Mgl 5.6840 2.310 4.372 =25.1 6.240 5.538 -5.2 6.100 6.012 2.8
Cal 4,920 8.780 5.582 13.3 B.310 7.375 48.9 9.520 9,363 $C.7
Bal G.006 0.c0¢ G.Co7 23.5 0.007 0.006 3.5 0.000 0.000 -100.8
Na20 6.100 7.900 6.504 6.6 7.150 6.345 4.0 B.740 5.643 8.9
K20 0.200 0.600 0.484 147.0 0.236 0.208 4.7 0.168 0.185 -7.4
rp2 g.c12 0.028 0.024 101.7 0.027 0.024 1ol.2 0.028 0.026 114.4
F205 ; 0.11B 0.303 0.248 111.4 0.270 0.240 103.1 0.266 0.282 122.2
€02 i 0.147 i2.083 5.931 £856.0 5.680 B.59¢ §743.9 14,358 14.346 9658.2
C1 0.031 0.016 0.013 -57.5 D.162 0.144 383.8 6.023 0.023 -26.9
Cu 0.005 1.5850 1.8230 35337.4 0.250 0.222 4723.1 G.477 0.470 10120.0
n 0.004 D.001 0.0C1 -78.3 0.cco 0.000 -100.0 0.c0l1 0.001 -76.7
Ni 0.003 £.n12 3.0190 203.6 0.052 0.046 1342.1 0.045 0.044 1275.8
Co 0.002 0.018 0.013 680.0 0.040 0.036 1787.0 0.034 0.033 1637.7
Pb 0.000 g.001 c.co1 311.6 C.001 0.00: 343.7 0.001 0.001 392.8
S 0.12¢ 5.5%0 4.602 3552.5 6.450 5.724 4442.9 5.660 5.578 4327.3
Au (ppm) <0.1 0.750 0.617 0.480 0.426 0.530 0.522
Sum 58.535 10E.745 89.529 -8.1 107.194 85.129 -3.5 107.377 105.628 7.4
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Fig. 10.4. Isocon diagram after Grant (1986) showing initial sample (C type
metadiabase {CMdb) (Bidjo/7, Lamberg & Hautala, 1990)) and altered sample (C type
metadiabase (CMdb) locating close to the albitic felsite metadiabase contact, C3
ore, S144F/126.0 m). Lines for constant Al, Ti and mass are drawn.
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Fig. 10.5. Isocon diagram after Grant {1986) showing initial sample (C type

metadiabase (CMdb) (Bidjo/7, Lamberg & Hautala, 1990)) and altered sample (C type
metadiabase (CMdb) having high CI content, C3 ore, S144F/134.0 m). Lines for
constant Al, Ti and mass are drawn.

According to immobile element ratios and Cr & P contents
metadiabases can be related to Tl 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
metadiabase (CMdb) (Bidjo/7, Lamberg & Hautala, 1990)) and altered sample (C type
metadiabase (CMdb) Tocating in the central part of the sheet, C3 ore, S144F/154.0
m). Lines for constant Al, Ti and mass are drawn.

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 sills,
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 C2 |

ore plotted on Jensens Po(tat)+ 18
cation plot (Jensen, 1976). /

A = albitic felsite, M = /\
metadiabase, 0 = ore. jf \
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Fig. 10.8. Samples from €3 — ——
ore plotted on Jensens Pe(tot)+7i '

cation plot (Jensen, 1976). - ,
A = albitic felsite, M = /N

K

metadiabase, 0 = ore.

—_—

g

Adjacent to T1 Fe-tholeiitic diabases some weak Cu enrichments have
been found in Northern Karelia, namely Kyykkd and Hokka. Also
boulder from Markenlampi {in Northern Karelia) with high Cu and Ni
content and slight increased Ag + Pd contents was related to T1
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. Vdyrynen (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. Bjorlykke et al. (1987) used name
albitic felsite for totally albitized argillite. The graphitic
felsite is according to Bjorlykke 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
(Bjorlykke et al. (1990)). Bjorlykke 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. WName 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, CO; > 0 wt.%) is called oxidized meta black shist
(OMbs) .

According to Al03/TiO; ratio as well as K content (and Cu & Te
contents) metadiabases can be divided into two classes.
Metadiabase with Al,03/TiC; ratio lower than in black shist and it
derivatives (bs, Mbs, OMbs), 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
Al903/Ti0O» ratio clearly higher than in black shist and it
derivatives (bs, Mbs, OMbs) 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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Tablte 10.3. Recommended nomenclature for the rock types adjacent to ore in

Bidjovagge.
Abbr [Recommenda |22 L% %21 indicative element indicativ [Note
Til, ‘Crza Cro04
i evia[ted name concentrations e ?
| tion | minerals
bs {black 25 500 |20 | C >0 wt.% graphite
fshist
Mbs |meta bhlack 25 500 20 | C > 0 wt.% graphite
shist + albite
OMbs joxidized 25 500 20 | C=0wt.%, COp >0 no
meta black wt. % graphite
shist i
db |diabase 6 >800 | >50| Ti0p > , P05 >, plagiocladoesnt
Crpl3 < se, pyrox|exist
{ . ene(s) ?
¢ CMdb |C type met 6 >800 | >50 | Ti0p > , Py05 >, albite,
| adiabase | Cro03 < amphibole
i KMdb [K type met| >35 >800 | >50 | Ti0p > , P95 >, albite, a
adiabase Crp03 <, Ko0 > mphibole,
phlogopit
e, parago
nite

high Al503/Ti0; ratio together with high Te content. K affix is
suitable also because of high K content is characteristic for this
metadiabase derivative.

10.2 Alteration reactions

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



QUTOKUMPU MINING SERVICES Report
Geoanalytical Laboratory 074/Bidjo, ore types/PPL,PT/1991
Lamberg & Toikkanen 23.8. 1991 DISCUSSION / 114

Table 10.4. Alteration reactions in Bidjovagge rock types according to
microscopical observations.

| stag| starting + -
[ e | material
0 | diabase plg -> ab + sca £ crb | Na,Cl, Ca
C09
Cpx -> af Na
hlack shist fsp -> ab Na K,Ca
Meta bs gra ->  fluid 0o C
Mdb & OMbs ab ->  pa H,Ho0
2 | KMdh & OMbs af ->  phl K
Mdb & OMbs af -> chT _ Mg Ca |
phl -> chl Mg K
Mdb + OMbs sca  -> crb+chl+qgtz C0» Cl
C(s) +0,(¥)>CO.(v) (10.1)

graphite

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

2C(s)+2H,0(w)~CO,(v)+CH ,(v) (10.2)

graphite

Reheating of sodium-rich solutions in contact with feldspar free
rocks, such as pelitic metasediments, may result in the formation
of paragonite (Burnham 1979). Paragonite is relatively rare in
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
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
sets the temperature above 330 °C (Burnham 1979}.

3NaALSI;04(5)+2HCI(0) = NaAl;Si50,5(0H),(5)+~6Si0,(s)+2NaCl(v) (10.3)

atbite rparagonite Guartz

The breakdown of the anorthite component of plagioclase to albite
is written in reaction 10.3.

CaAl,Si,0,+2NaCl+4Si0,+=2 NaAlSi,0,+CaCl, (10.3)

angrthite vapour quartz athite vagour
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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) Au(HS):

solubility maximum migrates to higher pH with increasing T (Seward
1991).

In weakly acidic solutions CuCl predominates at 250-350 °C up to
S=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 AuCi; 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 aQ5-pH diagram and precipitation of metals

Critical minerals to define the a0O; 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 aO; 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 a0Os 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). 1In Bidjovagge this can
be seen near the contact between metadiabases and oxidized
albitized black shists (OAbs) 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 Bjorlykke 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 aO;-pH conditions
are buffered by the reactions (10.7-10.9) and rock is situated in
the mt-po-py invariant point in aOg-pH diagram (Fig. 10.9).
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graphite out C +0,2C0, (10.1)
graphkite
py -> po FeS +H,S5->FeS,+H, (10.4)
pyrrholile pyrite
py -> hm 1
2 Fe5,+5-0,2Fe,0,+450, (10.5)
Dyrie 2 hematite
mt -> hm 1
2Fe304*§(%—+3FezO3 (10.6)
magnelile hemalite
py -> mt FeS,+2Fe* (aq)~4H,0~Fe,0,+4H (aq)+2H,S (10.7)
puwrite magnetite
2 s 1
2.FeSz+Fe"(aq)+2}{gﬂ+024fb304+3ff(aq)+502 (10.8)
pyrife magnetile
po -> mt 2 FeS +Fe®’ (aq)+2H,0~0,-Fe,0,+2H (ag)+2H,5(10.9)
pyrrhotile magnelite
ab -> pa 3 NaAlSI,0.~2H (ag)-=
albite
Na Al ;5,0 ,,(0H),+6 Si0O,+ 2Na*(aq) (10.10)
paraconile quartz

Albite is the most abundant Na-Al silicate but however minor
quantities of paragonite can be observed in many oxidized albitized
black shists (OAbs). 1In 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 cccur as stable mineral paragenesis
indicating quite restricted oxidizing and acidic aOy-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.
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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(C05+CHy) = 750 bars, log mtal* = -3, tog mK
= -1.3. The solubility of gold as AuClp~ (Henley, 1973) and Au(HS);' (Seward,
0o-

1973) are also shown. The hatchured circle indicates the propable pH
conditions during mineralization based on mineral stabilities (see text).

MeCl,(ag)+ H,S(ag)>MeS+2H +2C1 (10.11)

Me(HS):=MeS+HS +H,5(aq) (10.12)

=
.y
-
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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 dmgp . 02 OpH dilution oT 6P
Sulfide - + - yes - -
Chloride + - + 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.
Bjorlykke 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.
Bjdriykke 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 CO; in soluticns 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. 1In
some ultimate (high fO5) cases hematite is the one and only stable
mineral of the Fe-S-O 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 (Bjorlykke 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-O-H fluid in equilibrium with graphite, pyrite and
pyrrhotite. They stated that the production of HpS-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.
HoS-bearing fluids produced from graphite-pyrite-pyrrhotite pelites
due to magmatic intrusion (or metamorphism) may mobilize
cre-forming metals as sulfide complexes.

The fluid inclusion study by Ettner and Bj6rlykke (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 stabllates
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 (Bjdrlykke 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 T1
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 stratigraphie 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 (Bjérlykke et al.
1990). Anomalous high uranium content adjacent to high Au content
observed here and also by Bjdrlykke 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-ag; 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
"T1l" 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 CO; (from the deeper source or from the black
shists) (Ohmoto & Rye 1979).
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QUTORUMFU MINING SERVICES. Secanalvtical laberstory. Po Lamberg,

C-2, 51288

fepth (&l 85,00
RockType AREST
Anai.ne. 8477974
§iG2 54.5
1:02 ¢
Al2a3 13.4
Cra202 0.0283
V203 0.0407
Fel &.34%
Hnd 0.23%
Mgl .07
Lad 612
fb20 80,0015
510 0,0038
Bal 0.009
Na20 9.5
K20 0,445
Zriz 0,01642
Pegs 0,054
ca2 8.3%
0z5ua 99.2
Cu ¢.753
Ni 0.0097
Lo 0.0207
R 0.0403
Pt 0.00¢
fg g
5 .34
Az §.0006
5k 0
Bi 0
Te 0
¥ 0, 0017
kb ¢.0012
Ho 0.0017
Sn 0.001
K 0
£l 0,017
Th 0.0007
U @ 0011
s 0.004
La 0.004
Ce 0.008
Ta 0
fu 0.3

85.00
ARFST
8277977

0.0854
117

o 2L
Cilu

0,007
0.0017
0.003
7.77
0,128
(.0164
0,952

.....

0.0651
0.0256
0
0,001
G

4,55

8. 0007
0

il

o

a,901
0,604
0.0414
¢.00!

------

RO
0.0014
¢, 008
0.604
4,007
0. 401
0.5

#,022835
0.0812
11,13

ot
W1
LT,

32

rny = «

4,001
0,601
6.013
8,44

Lol
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e

=
=

iy = L

=2 WNoen

- ge .
e
o

pw LT e
~3 2 ra

(AL}

L
= D ke

-o =
Bae e
E ]
—

G

4, 0008
§.0011
0.0004
0.001
i
4,012
G.03003
00015
G004
¢.003
0,405
0

0,43

37.1
J.491
§.31
§.0e01
0.0301
&5.24
{.082
1081
3.04
0.0013
G005
5,76
9.23
$.0085

0,137
€.0003
0,042
(4

21.6
0. 0045
{

{
0.0007
4,001
00011
]
801
0.02
0, 0045
(6,008
§.004
4.004
¢.007
0.041
.97

§9.00
ABFST
8877780

20,4
0.235
5.18
0.0278
04,0137
22.3%
(.28
2.1
13.3
0. 0045
0. 0028
.02
3.84%
0,048
0,0045
0,047
20,129
90.1
0. 0436
(. 0947
g.152
0
0,003

i}
17,8
¢, 0084
0

¢

{i
0.0006
g.0018
0.0003
0.00!
0
IROE
04,0007
0.0M3
0.004
0.604
0.003
0,401

o2

91.00
ABFST
8877941

300t
$.313
B. 04
4.0187
0.017¢
18,84
0.207
7.8l
10.9
0.04:
6,0034
i, 004
594
0.08
0.0073
0,087
18,754
2.7
09,0328
0.0649
0.0943
0

0. G0t
]

14,2
G, 0046
1

0

o
¢.0607
£.901
[}

i

G, 041
0.013
0. 004
0.0014
0,003
G001
0.¢02

«

0,04

SPFENDTY 1y },/:3

23.08
ARFST
8377932

]

< =
o E e oS en B

o~ Moo

- .
[ R~ I = =

o
i —

0,033
G.47
b
0043
9.6013
D002
10.4
0.681

B

0,405
0. 0007
0,002

§.002

4,003

G.008

{

0.04

35,00
RRFST
§377983

0, 0605
0, 0008
0,001
16,5
0,072
0,0437
6,059
0,733
73.1
0.0457
0,0253
0.0587
0
0,801
0

758
TNER L
g

G

i
00011
0,601
0.00181
0,001
i
0.004
(,0007
04,0018
0,601
4,003
0.008
4.4001

1,06

87,00
BEFST
8377784
57,
(.53
13.4
6.0855
0.0281
14,39
£.0685
.72
1.5
8,000t
6, 0005
{003
5,92
0,65
{0136
0,08
2.237
28,9
0.0478
6.0313
0.0509

m

w0

g.00!
3.0011
0.0¢
0.001
0.6t
¢. 008
0.0004
4, 0011
0.002
4.005
0.0t
0.001
¢.09

8%.00
ABEST
BR77985

43.2
(0.403
IS
4.0201
2,024

¢.60
G, 002
7.86
¢.043
¢.0092
0,042
1.797
97.7
0.209
0.0713
0.13

0
p.00t
]

19.7
0.,0063
0

0

0
0.0007
¢.0012
0.0907
¢.00!
0
0,401t
0.0015
0.0012
]
0,601
0.004
0,00t
Q.18

107,00
HEFST
8877984

50.4
.376
8.05
0.0199
0,00%4
23.44
4.0908
2.43
3,54
. 0004
0,001
0,002
§.5!
0,664
0,0081
0.034
3,207
97.4
0,128
0.0082
0.4%t
0
0.00]
0

20.46
0.0079
[+
0.001
0
0.001
00011
9.0013
]
0.001
0,015
0
0.902
0.004
0.003
6,003
0.002
0.2!

13,00
REFST
E877967

4

9.27

3 O3 T
P T

G.0172
f.0229
2.2
0,1z
3,82
5.3%
0. 0004
(,0018
9.002
¢
G083
3.008
0.072
8.53
97.7
0,082%
0.0809
0.158
¢
0.002
¢

17.2
0.0081
a

0

0
0.000%
0.001
0.0008
0.001
il
0,013
0,004
0.0007
0.001
]
0.00%
0

0.14



QUTEHUMPU MINING SERVICES, Gecanalvtical laboratery. P

C-2, §i28!

fepth (W) 165,00
RockType ABFST

fnal.no. B377986
5102 52
T102 (.45

f1203 10.8
Cr2d2 0.0211
vep3 0.0219
Fel 14.835
Hall 0.0708
Mg0 1.43
Cal 2.82
RLag .0003
5rd 00014
Bal 0,404
Na2l 8.53
¥l 0,065
riz 0.0104
Fa0s 0,038
ge2 3.887
GxSua oa 4
fu 0,204
Ni 0.05382
Co 0.0873
Zn il
Ph 9.001
Ag 0
) 1.4
fis 0., 0034
Sb 0
Bi {
Te f
¥ 0. 0064
b 0.0013
o 0. 0045
Sn i
(! 0
! 0,014
Th {1, 0009
] 0.0613
Cs 4,003
L2 i
Ce 0,004
Ta 0
fu 0.2

147,60
AEEST
8877939

49.4
(.43
10.4d
0,02
0.0283
14.%¢8
0,116
2.7%
4,3
0.0004
0,002
0,406¢
8.42
0.981
0.0104%
0.083
5.744
98.4
(.45
0.043
0.047854
&.,001%
0,002
0

8.8
0.0089
0

¢

0
4,000%
0.001
0.000%
0

]
0,011
0.000s
0.0013
4
0.002
0.003
i

0.14

149.00
ARFST
8877990

49.5
0.407
10.1
a7
0.0156
15.89
8.102
2.26
.
0,008
0,0015
04.002
7.87
¢.049
0.007
6, 06%
5.977
98.3
0.133
0.0824%
0.04893
]
0.00!
0

12.5
0.003%
0

0

0
#0008
0.0006

4.00¢
0014
4.001
0.001
§.002
0.063

(.08

11,00
AEFST
8877991

48.5
G.445
t.1
4.0197
02,0193
157
4. 6503
1.84
3.2%
.4005
0. 006135

0,005
¢.05i3
0.0014
5,042
g.001
2.016
{
£.0014
0,004
¢.603
¢.002
¢

0.2

K
=

a.

3
35
g8.28
0.0132
0.014
¢1.88
4,132
3.0%
6.23
0+, 0005
0.0025
4. 001
§.3%
0.04
0.0073
0,049
8.47
97.6
0.102
0.0%24
0,132
0.0177
0.401
¢

8.9
0.0067
0

]

0

0. 0t0a
0.0009
6,007
0

0
¢.018
0
0.0012
0.005
£.001
0.004
0

0.16

[ S ]

Laanerg.

2.05
G.10063
0.002%

¢.005

8.48

G.ic
0, 0087

§.059
2.347
98.5
§.653
0.0557
0.0749
0.03%%
4.031
0

12.%
(+.0063

Q

L]

t=3

0,001
0. 0009
. 0008

]

4.001

6,008
0.,0008
0.4618

0,002

4.003

¢.007

0.00!

0.38

BPEENDL zb/;f

117.00
REFST
BE77974

43
(.51«
15
0.028
4,019
5.15
0,019
9.7
1.45
0. 0008
0, 0055
0.008
10,4
0.168
0.0109
0.051
1,507
9%7.5
0,054
0.0187
0.0298
0.0033
.002
0

5,06
0.904
&

0

0
0.0005
0.001
G.000!
0.001
0
0,008
4. 0007
0,001
G004
0.9002
0.003
0.00t
0.25

118,00
ABFST
8877995

T =3 ) e

0,0006
* 4,008
6.002
10.5
0134
0,0118
0. 08
5,83
29.5
9.0573
¢.0147
0.0173
0, 0085
0.009
0

3.49
$.0037
0

0

0
0.0007
¢.0012
0. 0004
0,001
0.001
0,008
0. 0062
¢.4012
0,004
0.002
0.Q0B
0

§.22

120.00
GRFEST
887799

48.7
.438
10.7
0.0207
0.06272
13.04
{1, (864
3.25
5,35
{4,007
0, 044
{004
6.35
0,247
0.009%
¢.049
10.78
78.4
G,93.
0.0443
0.0412
0.448
0.14

(]

8.4%
0.0042
0
0.001
¢
0.0013
0.0034
0.002:
0.991
0,00
0,013
0
0.0016
0.001
0.005
0.004
0

0.5

121,40

L
8877947

00108
{083
11.25%
99.3
0.472
(.0386
0.0329
h.201
0.068
¢

6.02
0.9037
0

0

0
0.001
0.0012
0.0302
0.002
0.00;
0.008
G.0004
0.001%
4.002
0.004
0.004

0.48



4

Bidjovagge ore types / correlation matrix

C2-0RE / CORRELATION COEFFICIENTS

§io2
sifg  1.00
1102 0.%0
#1203 0.92
Cr203 0.45
veni  0.08
Fe0 -0.73
Hnl  -0.43
He0  -0.53
a0 -0.69
kb20  0.19
Sr0 0.03
Bad  ¢.03
Na2l  0.49
¥} 0.2%
2 0.84
F205 -9.01
o2 -0.47
Cu -0.2?
Ri -0.483
o =0.55
n ~0.0%
P2 -0.14
8 -6.58
fis -0.15
fu -6.33
¥ 0.08
Ko -0.24
[} -0.06
Th 0.12
I} -0.32
(e -0.15
La 0.32

Ce 0.62 ©.30 .83 0.3%

1102 a1203

1,00
0.45
0.12
0.61
-0.48
-0.06
=0.03
-0.11
0.35
0.228
0.35
0.40
0.50
0.73
0.42
=0.t%
-0.27
-0.82
-0.58
-0.14
-0.3¢
-0.51
-B.23
-3.27

1,00
9.51
0.27
-0.77
-0.39
-0.47
0,463
¢.27
0. 14
0.13
4.7l
0.38
.26
0.02
=0.43
-0.29
-0.71
0,67
-0.0%
-1
-0.63
-0.2
-0.39
G50 0.20
-0.18 -0.2%
0.2% -0.04
-0.19 0.05
-0.34 -9.2%
0.01 -0.0s
0.20 0.40

(203 V203 Fel

§.00
0.13
-0.44
-0.34
-0.37
-0.45
0.22
~0.12
0.2
0.34
0.27
0.42
-0.42
-0.31
0.16
-0.30
-0.34
0.12
0.03
-0.24
-0.12
0.04
0.0
0.18
-0.34
0.10
018
-0.0%
$.23

1.00
0.01 1.00
0.28 0.4i
-0.05 0.3
0.09 0.37
0.15 ~0.4%
-0.08 -0.44
0.30 -0.31
0.27 -0.32
0.30 -0.54
0.30 -0.44
0,18 -0.07
0.13 0.48
0.13 0.38
-0.21 0.83
-0.15 0.86
=0.06 0.10
-0.18 0.283
-0.02 0.08
~0.22 0.43
0.0 0.32
0.36 -0.37
0.17 0.35
-0.02 -0.08
-0.13 -0.05
0.07 .46
0.03 -0.01
0.02 -0.48
0.08 -0.57

Hnd Mol CaD

1.00
0,71 .00
Q.88 ©.89
0.02 0.43
6.2t 0.39
0.17 0.41
-0.38 -0.47
0.03 0.40
-0.35 -0.32
0.03 0.13
0,70 0.54
0.23 -0.01
0.19 -0.02 0.1%
¢.19 -0,18 0.1}
-0.16 0,10 -0.04
-0.17 -0.11 -0,02
0.23 -0.18 0.13
-0.15 -0.13 0.03
6.22 0.06 0.20
0.23 0.40 0.27
¢.37 -0.05 0.1t
0.27 0.60 0.41
-0.33 -0.36 -0.77
0.0% -0.22 -0.04
¢.13 0.03 0.1%
-0.25 ~0.23 -0.30
-0.44 -0.48 -0.35

1.00
0.16
0.44
0.22
-0.57
0.13
-0.44
0.49
0.7%
0.09

Rbe0  GrQ  Ba0

1,00
0.30
0.43
=0.29
0.87
0.3l
=0.04
.14
-4.67
-0.3
0.6
-0.04
-0.10
-0.52
-0.38
-0.02
0.52
=0.14
0,58
=0.09
-§.26
-0.0¢9
0.17
0.07

1.00
0.43 1.00
0.55 0.81
0.[0 0.1%
0.06 0.1
0.16 0.03
-0.é2 0.2}
-0.4% -0.34
-0.61 -0.54
¢.13 0.10
0.47 -0.12
-0.40 -0.43
-0.24 -0.39
-0.15 0.14
0.47 0.54
-0.32 -0.05
0.51 0.38
-0.17 -4.02
-0.43 -0.12
0.12 -06.09
0.07 0.0!
-0.08 -0.05

-0.17 -0.30

Ha20 K20 202 P2OS co2 CLu M Co o Ph 5  hs  hu
1.00
-0.22 1.00
0.1 0.3% 1.00
-0.03 .11 0.07 1.00
-0.40 -0.14 -0.50 -0.01 t.00
-0.18 .04 -0.23 -0.25 0.26 1.00
-0.29 -0.40 -0.44 ~0.19 0.43 0.40 1.0D
-0.12 -0.79 -0.5¢ -0.11 0,35 ¢.26 0.89 1.00
-0,08 0.0 -0,18 -0,22 0.19 0.53 0.26 0,03 .00
-0.12 -0.148 -0.19 -0.28 0.2y 0.3% 0.40 0.27 0.77 1.00 )
017 -0.68 =0.58 -0.19 .45 0.44 0.91 0.92 0,18 0.30 [.00
6.0 <045 -0.14 ~0.16 0.21 -0.20 0.54 0.58 0.04 0.22 0.33 1.00
-0.27 0.03 -0.37 -0.20 0.3 0.8 0.33 0.20 0.67 ©0.27 0.37 -0.21 1.00
-0.21 0.47 0.24 0.35 0.07 ~0.10 -0.50 -0.57 -0.03 -0.16 -0.52 -0.43 -0.18
<0.00 -0.12 ~0.17 -0.30 0.23 0,71 0.35 0.28 0.29 0.17 0.43 -0.18 0.83
-0.31 0.50 0.05 0.29 0.1§ -0.27 -0.30 -0.37 -0.26 -¢.23 -0.42 -0.15 -0.22
6.08 <012 0.06 0.09 -0.32 0.02 0.09 0.14 -0.08 0.05 0,03 -0.05 -0.0!
-0.08 -0.25 -0.32 -0.1% 0.25 0.72 0.59 0.4 0.4% 0.36 0.&& 0.00 0.6
0.0 -0.08 -0.11 0.04 0.p4 -0,09 -0.06 0,04 -0.08 ~0.05 0.07 0.63 0.0l
0.17 0.26 0.33 -0.05 -0.32 -0.12 -0.45 -0.3% 0.02 -0.14 -0.37 -0.28 -0.02
0.46 0.10 0.5 -0.03 -0.57 -0.38 -0.47 -0.73

1.00

=0.07 1.00
0.43 =0.30
-0.16 -0.12

-0.26 0.43 -

-0.02 ~0.15
0.24 -0.03

-9.23

Ll Th U

1.00

1.00

0.53 0.13 1.00
0.10 -0.31 -0.02

-0.63 -0.10 0.04

-0.15 -0.22 -0.39 -9.13 ~0.29 0.08 -0.18 -0.14 0.27 -0.17

s La

1.00
0.2 1.00
-0.04 0,59

Ce

1.00

;xf(<:77\/tszgégftr’

>
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l QUTOKUMPU HINING SERVICES. Besanzlvtical laberatorys, F. Lasberg. fppendix Ey Cheaical composition.
3
C3. 5145F
l Depth (2l f2z.0 1230 f@s.0 1250 27.0 1280 (2% 1306 3L 13300 138,98
RockType &EFET 4BFST HEFST AEFST REFAT RBFST AREST ABFST ABFST/HDEABEST/MDBARFST/NLD
Anal.no.  90G8723 058785 905727 R052728 056730 9056731 9056732 9954733 T0S4TI4 FUSLTIS FULL736
l sil2 37.2 57.7 gt 42! 64,1 13,7 il 42.3 4.5
Tip2 a.61  0.9% IR 2.23 2,85 0776 £.3 £.3 Z.48
41203 2,53 13.3 8,25 tl.2 12.7 3.9 11,5 i3 (2.4
. Creds 0.0285  0.031F 0,007 0.0035  0.0038 0003 04031 G.B04T 6.0038
VED3 00482 00852 0,041 9.058%  0.056%  0.4232  0.0%07  G.0530 40324
Fel £z2.3! g.73 l1a.24 11.35 12.48 17.5% 7.5! 1.2z 11,91
Hal 0.13%  0.082% 0,358 9,232 .16 0.31% 0 D215 G130 f.0gEs
l kel A 1.a% 2.42 8.3% 4.74 .04 1.1 .58 £.2% S.0¢
fs 1z 3.8 LkS 14 8.33 5.52 24 8.81 8.3t 3
Re2d 03 .000s G001 0.0001 00001 00012 @.00GE  0.900F  0.0G0T 0.0tk
l Sr0 DODES  G.0008  0.0015  0.0052 0,0045  TO.0044 0,067 L0088 00047 000034
Bsf g.007 G.00e  §.002 0,603 0,002 0011 5.0 0,663 0.007  §.002
Nz2G 8.5 5,95 7,82 4,44 3.0 7.84 8.46 2,64 7.8 7.15 1.7
l Ked 0,033 0,04 0,042 0.05 0.3 §.033 0.2  0.023  0.988 0,236 0.335
Zraz 00085 Ounteh 0017 0,013 §,0877  0.02%2  0.0315  0.0082 0.0306  0.0272  §.034
Feas 0.041 D027 G185 0,148 3 nen 0,281 0,315 0.g¥@ 0.32% 0.27 0347
il 3.74 4,787 {87 25477 3 12,273 13.603 §.093  33.219 16,4 2,58 £.233
' [z5us 97.3 7.6 39 30.% .8 Fh.4 95.9 78.5 85.7 %5.3 a7 8.7
Ly bohs 4,43 £.5% Z.0s k2! 1,55 {883 1,68 t,8¢ 109 .23 G748
Hi 0,0732 0.0233  0.06tks 0,023 12 0.0141  0.0239  6.0237  0.G468  0.0238 D.032  0.0457
l o 0,0733  0.0%84 0,028  (.0808 416 0.9387  0.032%  0.0255  0.0511  £.024%  0.040%  0.035¢
Zn 0,0029  0.0015  0.0007  0.0008 0 0.0006  0.0003  0.0007  0.0004 0 0 0.0003
b 0,006 0,000 a0 Q.00 5,002 000 4,00t G001 4 0.0 @
l fg i 9 ] 0 ¢ D o 0 o o 0
§ 13.8 12,4 4,73 2.5 &.2 5.09 5.88 7.48 4.82 4.45 6.3%
fs 0.0077  0.0043  0.000 0.0042 0.0055  0.0023  0.001%  0.0017  0.0016 G002 0.0017
Sh ] 0 ] 1] & & 0 4 ¢ 4 9
l Bi i ] 0 r 0 G 0 0 0 0 ¢
Te
Y 65083 0.0013 G.000%  0.0028 G.0028  0,0028  6.0029  0.0013  G.0021  0.0033  0.0033
l kb 0016 0.0012  0.0013 00015 0.0027  0.0024  £.00:2  2.0014  0.0027  0.0028  0.003!
Ko 0.002%  0,008%  0.0028  G.0003 g 0,0001 § 0 0.0002 0 9 g
Sn 0 0.002 4001 040! ¢ 9,000 0.008 0 6000 0601 0008
W 0 i 0 6.0 [ N CUNNS (N 11} B R 1) g L
I £l 4,603 0,007 9,006 ait (NS g,012 #.014 #.024 9.813 1,142 0,152
Th L0012 0,0005 GO0 i g ] it ¢ i 0 0.0005
4 £,0023 00,0032 59,0609 00006 0,000 00014 0.00f2  C.G00T  0.00C2  0.0003
I s 0.002 0,00 0,085 0,004 0008 0 0003 0,005 0,002 ©.004  D.0G2 .005
Lz 607 0,005 0,003 0,003 0,004 0,004 0002 0.003 O 0003 0007
Le 0,008 0.90% 0,063 0,601 0,007 0008 4.008  G.001 0.004  0.0G7 0,007
l HE: 0018 001 0,006 0008 0,005 0,002 0,005 0.005 0.005 6001 0,041
fu 2.7 2,38 0,63 81 .73 0.91 .53 0.76 .45 0.58 .24



OUTOKUMPU MINING SERVICES, Geoanalytical leborafury, F. Laaserg. Appendie 2h/ [hemical compositian.

L{

£3, SL44F

Depth (s)  144.0 1540 1800
RockType  ABFST/MDBABFST/MDEARFST/NIE

frel.ic, 9096737 9054738 9054739

5102 £b 39.5 7.82
1102 L 2.08  0.435
A28z 7.72 1.5 2,85
Cred3d B.0054  0,0032  §.0036
Y2063 00285 0.06482 0,017
Fed ec. 36 11,46 20,43
Hil 3.325 0 0,185 0,443
HoC .02 a.l 12,1
IERE i, 9.5 20.3
RbZ0 0.0005  0.0007  G.0093
St 4.005%  0.0052  0.0044
Eal) 0,006 4 0,003
Ha2l I.2% 5,74 1.7
K20 9,213 0.188 0,074
Iroz $.0187  0,9260 0.0048
Feta .24 0.256  0.036
oz 18.882 14,535 34.84%

| 9,2 84.3

-1
3

7 .82t

]
[T
[ =
=

IR

& o

.8

23t 0.4

38 G.0%48  0.0821
L059%  0.0335%  0.053%

Zn : §.0007 0
o .00 0.4001 0.001
fg ) 0 0
5 e o886 9.1
ks 0,004 4.0006  0.0012
il 4 0 §
Bi i} il 0
Te

Y 008631 0.0024  0,0025
Kb 06,0023 0.0023  0,0012
Ho 0.0004 G 4
Sn ¢ 0,00 0
¥ 0 0.0 .001
{1 L0020 0,023 §.028
Th i ¢ 6,0005
4 £.0013 4,001 0.0009
s 0.007 3.005 0
La D.004  $.003 0 0.003
Le 80s 0,004 0.002
Ta 0.002 0,002 6,002
fin 0,23 0.53 0.28

Hi .0
Il Lo 0.0
i 0, (¢02




Bidjovagge ore types / correlation natrix

C3-ORE / CORRELATION COEFFICIENTS

§i02 Ti02 AM203 Cr203 V203 FeO M0 Hg0 Cal €520 SrD  BaD Na20 K20 2r02 P205 €02 Ly N Co In Pb 5 B fw f M LI Th U G s Le
§i02 .00
ne 9.7 1.00
Alefl (.98 0.82 1.00
Cra03 0.41 -0.16 0.3% 1.00
Va0l 0.83 0.87 0.69 0.18 1.00
Fed -0.18 0.02 -0.22 -0.1% -0.05 .00
Hal -0.72 -0.%6 -0.68 -0.43 -0.4% 0.06 1.00
Mgl  -0.70 -0.2% -0.62 -0.53 -0.52 -0.01 0.90 1.00
Ca0  -0.75 -0.39 -0.49 -0.56 -0.82 0.01 0.95 0.98 1.00
Rb20  0.16 0.12 0.26 0.20 0.15 -0.16 =0.14 0.00 -0.08 1.00
5¢0 -0.58 -0.15 -0.50 -0.48 -0.38 -0.15 0.75 0.89 0.85 -0.03 1.00
Bl 0.35 .26 0.62 0.40 0.33 0.03 -0.12 -0.18 -0.21 0,45 -0.20 1.00
Hag0  0.98 0,85 0.96 0.30 0.91 -0.08 -0.59 -0.47 -0.73 0.68 -0.54 0.3% 1.00
Kel  0.55 0.58 0.66 0.22 0.5% -0.20 -0.30 -0,12 -0.23 0.72 -0.04 0.61 0.50 1.00
g2 0.90 0.9 0.88 0.04 0.83 0.02 -0.58 -0.50 -0.57 0.07 -0.38 0.25 0.90 0.53 1.00
fe0s  0.33 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
€02 -0.72 -0.35 -0.46 -0.57 -0.50 -0.02 0.%4 0.98 0.99 -0.09 0.8 -0.21 -0.48 -0.21 -0.53 -0.03 1.00
Cu .08 -0,03 0,01 0.85 .13 0.5% -0.20 -0.38 -0,3% -0.11 -0.4% 0.24 0.15 -0.17 0.04 -0.2% ~0.35 1.00
Hi 0.18 0.25 0.13 -0.05 0.12 0.64 -0.27 -0.84 -0.24 -0,05 -0.24 ~0.01 0.21 0.06 .33 0.06 -0.28 0.17 1.00
Co 017 ¢.36 0.12 -0.18 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 0.50 0.70 1.00
an 0.43 0.05 0.39 0.67 0.29 -0.07 -0.44 -0.59 -0.56 0.15 ~0.52 0.31 0.38 0.23 0.18 -0.32 -0.56 0.48 0.00 -0.0% 1.00
Pb 0.04 -0.14 0,03 0.27 -0.12 -0,14 -0.00 -0.11 -0,08 -0.03 -0.13 0.10 -0.02 0.05 -0.05 -0.32 -0.04 -0.t4 0.07 -0.09 0.27 1.00

§ 0.29 0.35 0.23-0.03 ¢.3% 0.85 -0,36 -0.38 -0.39 -0,15 ~0.42 0.1% 0.3 0.00 0.4 0.12 -0.39 0.67 0.73 0.92 0.1 -0.12 1.0 iQ:T
s 0.18 0.45 0.16 -0.29 0,33 0.56 -0.28 -0.19 -0.23 -0.14 ~0.2] 0.07 0.27 -0.05 0.40 0.39 -0.22 0.38 0.36 0.75 -0.12 -0.11 .67 1.00 N
fu -G.01 -0.00 -0.04 018 0.06 0.57 0.03 -0.tf -0.09 -0.06 -0.22 0.15 0.04 =0.07 -0.04 -0.21 -0.09 0.86 0.23 0.38 0.30 0.03 0.49 0.13 1.00 L
¥ 0.20 0.33 0.25 -0.41 0.27 -0.16 0.07 0.28 0.19 0.19 0.3 0.06 0.22 0.3 0.3% 0.56 0.23 -0.33 0.06 0.04 -0.15 .05 -0.03 0.29 -0.86 1.00 Q
Mo 0.37 -0.15 .29 0.74 (.05 -0.03 -0.39 -0.65 -0.56 -0.09 -0.6% 0.17 0.29 -0.09 0.17 -0.54 -0.59 0.26 0.13 0.05 0.48 0.25 0.16 -0.12 0.03 -0.52 1.40 S
Ll -0.07 0.28 0.03 -0.38 0.05 0.07 0.17 0.464 0.35 0.41 0.45 0.15 -0.00 0.48 0.11 0,37 0.30 -0.3% €.27 0.08 -0.4i -0.15 -0.01 0.01 -0.16 0.40 -0.82 1.90 v
Th 0,16 -0.10 0.10 0.37 -0.09 0.10 -0.25 -0.40 -0.36 0.07 -0.48 0.08 9.10 0.03 0.09 -0.38 -0.41 0.21 0.28 0.12 0.29 0.07 0.19 -0.02 0.25 -0.29 0.45 -0.09 1.00 x

U 0.28 -0.04 0.23 0.44 0.04 -0.03 -0.25 -0.43 -0.40 -0.0 -0.26 0.13 0.25 0.06 0.13 -0.20 ~0.38 0.23 0.2 -0.05 0.45 0.33 0.1% -0.25 0.10 -0.36 0.5! -0.40 0.20 1.0

Cs  0.13 0.22 0.14-0.06 0.19 0.04 -0.11 -0.11 ~0.10 -0.08 -0.04 0.12 0.18 0.1 0.i0 0.22 -0.12 0.01 0.03 0.07 0.10 -0.08 0.06 0.1 0.12 0.12 -0.16 0.08 0.1 -0.11

Ly 0.22 0.12 017 Q.16 0.5 0.22 -0.27 -0.35 -0.32 -0.27 -0.28 0.11 0.28 -0.05 0.19 -0.13 -0.35 0.24 0.35 0.30 0.36 ©0.22 6.37 0.10 0.10 -0.66 0.27 -0.04 0.1% 0.21 0.40 1.00 N
Ce  0.57 0.53 0.57 0.04 0.4 -0.08 -0.4% -0.39 -0.43 0.13 -0.27 0.11 0.5 0.4 0.80 0.37 -0.43 -0.08 0.18 0.10 0.09 0.00 0.17 0.16 -0.63 0.24 0.22 0.6 0.19 0.03 0.13 0.15 1.00

Ta 0.28 0.37 0.22 0.03 0.40 0.70 -0.23 -0.29 -0.31 -0.12 -0.33 .20 0.38 0.04 0.37 0.14 -0.29 0.77 0.35 0.68 2.24 -0.25 0.B0 0.55 0.84 -0.10 0.00 -0.18 0.07 0.13 0.1f 0.14 0.04 1.00 ¢
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A .
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b 0. 00
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§ 8.04
Cl 0.02

SUM £09, 09
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Are3/fr2ld 3939
Tig2/tra03 23.5
Irp2iT2 0. 007

-

CodRi 0,368

Carblnd 22.4

cc 10.4
+ags c2. 8
te1d 100.0

ARFST
0

rag

= oy LN oen
Ly O

s T oy PAY

=

R .

1 had
+
2= =3

0,040
0. 901
.00z
13,46
0,22
0.013
0.07
.40
0.25
0,02
0.01
0,00
), 00
518
U.52

140,00

15.8
978.3
38.6
0.017

3,404

=]

= W .
= ro 9O o

> .3 M2

=

e

1}

AEFST

90567

LR

24,

100.4

£ .

3

s 1
ma oo £ o

e —
= - =
1 BN oy WY oy e

. i C

e
3.7
Tz ng
do
i, [

0. 402
4,001
13 (M

nnnnn

100,00

ge.i
5197
ed.!
0.024

0.432

~1

=3 rhn
- e s
o =3 g

~3

=

100.4

A

. B
I 0 T L R

P

s

a3
R =N S
2 e on

.....

e
or

- fa
= -
= B~ B
O3 g o e

r
14

Ay ru3 ¥

o g

L =]
—

00

4,05
AL

06,04

17.
238,
18.3

Fa iy
0,007

w9

A JEC

o
=40 fu

< wn NI o

164,

=T

L — T
> [ -

“

o Tad
- = 2

o S o

oy

L

Van

Tad =

-

= o o
AL
ra

-
o

)

ot

=
<

=

o~

L=
o LN

3 LA o

ru

.
4
&

W)
C
[
ad

o
™

L b= M

L]
=

e

i
{1l

W

105.0
REFST
7055708

3,65
6,04
1,37
3.00
0,01
8.13
0,59
16.11
22.48
~ 0,00
¢.003

-----

One-ton percentages,

104.0
ROFST
Q058709

4,40
0,05
1,80
0.00

g.01

(¥n)

L4

Ny ==
Ny LN
ta

=

2.903
.00l
1,47
0.0!
0,900
0,04
41,88
0.7
0.41
0.0
0.00
0.00
3.37
0.02

100,60

el.7
301.4
13.9
§.000
0.438

7.1
34,1
B2.3
106.0

167.0
REFST
2056710

28.79
0,34
8.81
.01
0.02
7.43
¢.2%
7.00
9.91
0.00

0,062

0.001
8.84
0.04

0.004
0. 04

17.58
2.3t
0.0
0.01
0.00
0.00
a.37
0.01

100.00

16.4
395.7
24.1
0.014
0.709

72.2
2g8.8
69.3
106.0

100,00

9.4
236.¢
£3.2
0,900
0.86!

§2.5
3b.4
3.8
100.0

10910
AREST

20547 1c

LN = 62 gm O For
Pogay =3 S w) T e
on L S e . A oo

N el

> gan B
. .
-

.....



= £ Kid g AT gny O T et pew = Eroap OO O e O g € ogm 5D g o [= T P S = = L R o
e b=y PR B S S Y B R L DAL IR = = < PR PO
e 1P - - - - - . - - - - - - - - “ - " - QL. 3 . - ._".uu rm < o M“n__ -~ “.“...." fone
[ SR S R S [ L R TR A e o> o - L e =
nu...._ e rﬂ. [ Pt = = Y ol < o L R— ot
X o —
&
i (4] -t R e e R B = S ML E LT BN o UL T i T R e e e ¥ =4 o ST e (O s NP e OO
- b= [ O T = e e P T = L B e ™ TS T Sl =R ~ s e LR e = - . o=
o W e - - - . - . - - - PR~ T - P - - - - X - - - - - . DI pre S gy WY e 13X D
(R ) cr . WE e =C o L L T I . . T LS S T b e L N e T = Y = — A e - - — —_—
P ] o i R =2 — = 3] L — et
& -—
- Py
5
W
[l o [yV] LIS W e B A LT o BN R T T TN C T S S RS Y & S S S a1 S T Pt Y B3 e Tt w € [ S i )
o s b g L 5 F L L R e LR RS S I S = T - o B ) L= . = - = - . + .
e cre LI - L e — = — e R - O O S 1 g O
= - U, ) T Y] T ogE @ e owe = e ogm D D o O 3 S = — Wy - =
w - 0 o Eroam e 1 [ = [3s] < = e
I - = -—
e [
ur
f= .
- - A e e g O ame O 07 U osm BT ey~ e B o9 U [ 03 g S o = o < =+ 04 L O o O~ e <l e
= Ll 3 ¥ N R T B A R - LR e B SE T == S e i S =L — L i o - i . e O o - - = .
ey (RS L T T T = T A ! 3 o O3 o o oo -— e Y
— ws L -0 CFl g2y oT e 2T o D s v oam v o U m; e e B e D o D = U s = Ul G = . oGy D S
1 — g — - — et &= 2% —_ = - < =
[ 7] [ ST —
freid o
L]
— - b L =eoarn ) LS G g w0 e O ogee S0 g e o 2 m 0d g < o3 O g CO O LIV B s -
- - B g1 T [ I o e B =R L WA = W P T T e e I B b= R T S O T
[4 (€I £ = . - - - . S0 - . & - - - - - - - - - - O <~ b S e o oy LT s
_../h e Ve o 2] D e T o - me £ D ey e Y o =3 o - . o oeny B= 5
- — O (] I e = e > - o —
L7} XA e
(] o L
— < o WY@ e e 1T U gpy 0% gy U aed <X o WY o €3 g M oy S oo U g = a0 e D Do T = e
3 - b= 00 = oo 2 e 0 ST D e D e e o I e hD o T o LS L - - . S G - - - .
= wn W [ D T R B T = e e - o O ogn et e “F oy O
w -4 il wi) L T = R e e T R T = T . N e U o B = JPUE e T o - . (e < T
=L s S L) LA — [ ! o =1 -2 o= ——
(=5 <L & ~—
<x Cr-
= = [N a] LU gr) ©° v <) gm0 o D en B ooy @) o 00 o- v o) v O TP S O = @y U g OO g Uty 0O o
o - b= O (% A oz T oy e oL U s D am O o 6D 05 S w) D £ S0 oy O o =1 O e = e s .
I U LY g L e A A — 3 S R — SR e ol e S 4 - T R ] 03 g £ o
Y P B R T N T T T o W R N T S R S = [ S € oy B S
% — 8 (9] — L e — = ~0 L= sy
=] <L = e
h-l .
ed or
- — [ CF0 ey S g B L@ ) e O s e oy 3y v e O oy S pma O s S e =1 o S e N & o TY “3 oy U oo
[ o b, R i T B L A = LA e A = = = T - L — A - . = .
o e 3 - - . = - 4 - - - AR - - N - - - - - - - - - - U = o S oap B U i
e - b wny SYown, e oem, €0 o T o O M oEm e o U S 2 S s S oy = — Sy . B e o
S~ — Y ~r - =l < — = - oo oot
— <L —
= -
a
i
— =1 X CE1 o e ooy B oo KO e D L= v P e e T g Oy D o OO L= [T I T Y BT U oo O e
= - ke O oy =0 2 W3 g o e I & D Oy v S ot oS D S D D S s =1 P 5 M= = . % e
Fo ) Lr) pe - - - o - - . - - 2 T O - PRt} . - - - - - - - - - o ) o €5 6 L I S Ty
ni R W HEam T oume S D S e DU hd - =T T, AT U e 2 € S T bed — T E) - . £ e (Y0
— — BT - R YRR g e = - Lavy E = = -
<L o -
—~— .
o o
%]
g T U7 G pe W s 011 pag UF pel UL 25wt ey ©¥3 s D Ly [0 o WY M) 5D o WY = i Bl vt Bl T 22 om e s
= s b= e LA B - S T e T Tl R e R R T B DR S = T S = g =1 P A Y L
(3ma oy ouloee e L T T R — I L T - o o S (= O o OO o
— wet Ll oty 3T v om0 I WD e U = - = e ST T SRF oy Tl g Ol gl — T ) - . [ REARIE o N R )
L] —_— Ty -~ et -_— I Lm e (5= ~— = ul B ——t
= [ Ec _—
g cre
o
Lh}
[44] “Ze “r € e My LT3y B oeD D S A LTS v I e S L P I o B Rt | I T | T e WY gz O e e T R
. Mw... - DL L R = i o Bl 1 L= S TR Tl ' S e e e T - AT L] - . PR . - - -
- i T . ERE . e T R - [API'S VR =t =) Wy e s
[ PO VP Qe 3 el om0 g S ey o e m DR S dE sy 3 s O g o= T e 5o =
L) B = A T ESY) [t — g = = —
(S ] L e
g rre
vet
L =] (12} T KO ey R~TRNE ¥ i BS-TR h B  BA N W R R o | W BT SR S R R e L A [ o €1 g €90 a0 CFr ogng O o
(&3] LR e L L S R e O T o s S P e =L R ¥ PR P L L R T e == T e oY fhted - - - - = - -
Ia LA e = - - - - “ - - . R e Y - P . = - - . - - - . - (R e B I R TR [ BT
Lo P N [ P Y R Vot B T e o - W L w om0 g D gmo T g U B -, n = [ e N, TR
S -— EF1 g7 ¥ ] - (=) a = € L —
- [ —
< o
-y
T i)
o= 04 T
= W = W Lid £3 U g5 oy
[ T RS - . F— B N I R o
a [ Y = [l hrl
= -— el aeed e B e -
T [ 2 5 T - — iy €N ey e — " o q
= N (5] o T g O e ] [ e
— e D o b mad e N € [ o
s | [ TS T o S LR T B I W e 45 e oy M b N et B o B e B T — e | 2 P T Tt LB
=1 63 «T L pem T 2 gL MO g 0 O W g ST e P gl o £ 2o MaooL O o 5] 3 el SE b P [ )



N R CTE Lms w0 om0 Ly SO g L e OJ e 0 e D e Wy i grg S O P e < w0 o = n oy e
" X M) s ouT e WD e 0D i v oem 2 2 0 o O g OO0 4y S 2 O S S oy o - - . vt [ - - - -
I o T T L a - . - - - - - - . I3 T - - T . - . - - - - - - - uT M1 oy o= I e Lr- S
™y = .o 0 caa = 2 W3 = T .o U S - . G g M oo o S S O oo S d =y - - ) ogry) U o
wes LA 2 o — = o o al oap T e —

Le. oo —_— (3]

=)

-1 o

LT o ¢ = [a¥) N =
Em T A Ty | S = e e e B L = A S e R R I o W ) e i = = B S " A o B T Sl 4 ¥ | — (=l S 2 [ a8 IR (=3
- mEHuE s ol m s Es e lailSslalsEmm = PR e e =
o Il . - - - - . = - < - - . - - - - - ) - i - - ay Do pr= S = =Ry - o
o3 = Lo D) ey ST3 S g T e B w4 Tl WD g e s 6D gm0 om0 s Oh on = O gy = . o o O S
-— T cry - I g e L =~ - <> I Vi ) —

Lo 25 — [=¥]

- [V
ul o ©
a4 Xt
(a = CLropT NS eme 1Y py) e GKE T O eme ©F) e LT3 o e oo U g ¢ S B ocud = em e oge £F 4y [ QR
0] P € g s ER Ta ) e 30 00 Sh ST e LR oam 0 gy 77 oom T S G Oy W @ < PR - | = - = -
ar - m. e PR Ul TR S A T R o R s e e S . U O e T me ~0 [ O ey
= £ b= 3 O g S5 s v apy SRy B om0 e e mm e WM am 6Dd g5 O oom B e o L I [ = R
1 — T [4r] - e R Fee) - o< s s & oo —
(W) e - [}
les o0 G
[T} Lt
o

Pl [ar] P g 0T e et ) o g B o Ty O g D a7 e O e T e U e rEa M) g w4 ) R BT U o
= - = O V1 T D oL 0¥ e er S5 I oem £ ogmm D oo I @ IR gy T 2 o T L= . - Ll v - - -

=] Fo T I L T T T~ R S = e O B - w0 oo S A e O
— m L <0 Ore gm0 g 6D = WD LT, P BN gy 2 om0 D s D O < o s e vy T~
[ - BOyY) e — o L= [ag) - < Lo r TS T == ey
[:7] > S -— —
= &~
(=]

= o T g O o T (e v o S e 0 g 0y sF . W g (U oy €3S U7 (g o oa o U om [T R

- - b= Ty = B0 sl g v = B oo S o 0 o QU pyg 09 g 0F s > o - = - - n T e - - - -

o= D - - . & . . - - - . W3 i - - o “ . - . - . - . + < e G e N Wl o« O O

NN 64 ki o [T e T T Lt G R o el ~ S — P oS - ~ RPN = oo e e U g W S
e phog ™ - T gy e < < P B S =
0 <L o — cr}

g o *

el
-~ = — Gy Do T g WY gt = T o W3 e 0 ge D owg (U g0 S om SR U < R~ EUR R O pe 0D o
b ] . e ory L R S T T i T e = e« T T~ = P R P} A - P - - - -
1= @ el LT T T e S T - LY ST e S o - O o
3 o Le <o CFd e D = WD pe T g O s - L s B = Sy ST S I g O o N o < L ] - . = g “0 oo
£, — G I3e] — s e < — o) [\ S - P
[ R S -— [ari
-1t -

- =3 A% ke oo - P S S ] L I B a4 L B B L B EC e L S u B | =4 o g B C BT T
ran 2] E T e gy e - @ T g KLE ey nme s I B Cp g5 LI R ) I - 0. e
[ [ LF o pee - - - - - - . B . w L - - - - u - - . - - w3* W wm <TF —_— e o~ O
" My Y. . gt TR S T ) . &) uTn T X e D en D D L] 0o - N = ) ~0
e — Oy (3] - P ] e} bl Ly AT S g -~
Vil IS S — Gy
"

o or

= = e L O Vi B L S A ¥ [ I L S ST | - (= o ey £Vioun e oy e g%

ok R | T e Y WD T gy (Lt L = P LT | & el 3
e B CI S R e B R e D F o S B e - cp T e YR (G TR e

- 0 L. e [ T = I I LI o= T o tm WD W o m =
s s EEl L3 vy b - P—3 00 Cae T g .
fe= L - s
- e
a4
¥}

[ — [=5] L) ey e e €Dy L L L8 I I T cr A0y O oy o2 -s =) P s VR T vy 0D
I . E= [ S I T 1 I RN e N~ b BN o S ey T o TS Im D B P = . e
v Lo L e L P LR U T, R, = . — S ] L e e i = PRI - SR [ S R
o g Us g €re o W oo g [ oo ) O s W, B S oy - = oy - 17 oy D S
—_— — G S e .- == St i — & EY) oy wm —

£ e
— &-

11
el
@ = [ [ B TR TS Y Sl Ul B oo T A R e I Vi S L DO S T - SO L Q= S o o Y - F DD oy U oy I g
A P s 7] Cf a3 F e S owf. S f L B e R =T e SR A B R S~ R TN P L= . . . T . - - -
= 7 s ~ - 4 - . - - - - - T D < - - - - Sipaiet o L & " = M DA s 23y D oo S &
- o) b- .o O o O an D e I v e r e U oam o e ogm O e T gy O oam Do o S R I a¥] [T
u — LT ES - o e e = 3" = —
1= IS —

Bl o
o
i
Lo = ~ct Ury o oge. 00 e AT ST QU 1 e KD g ST ee WU D SR D LM ey [5e) U «r e O o[ gre g oo

v by U oy o P T L N B [ o e &4 R = e e L
= [l By R - . - - - - T oalx - - n - - . = - = . " - - [Pir RPN el ) uwy oo WY
Lr (RN W] T O - V3o = s IR =oume W or D ogm €F g O oo < e (MY ey - - RV £ =,
[y — COE (o e e - WIa [ oy =4
1) = e ="
— e
el
Ly = ua — ) LT3 ¢ U o v o €0 o O ey G2t e <0 L [ . V) e [T T
e . — w5 en DL s R e mIaRanei2= oo o = |8 i b=
<o "..C m._m [ai g - — Y - D> iy &= . S e . =, - AU., - - - - o A = O ooy S

L v} ~ o e L= LTI - = B - e = v o) i - - 3¥]
== ME & = = S = = u> = ol = ™Mo L =
= [ e —
< e
—
az (343

(=] oy B2
F [ . ) il [E B  FI B e ¥
(9 r o e . — it ke g [
p ey A e e E, «L = G L e ™
= -— - = -~ e 3 =
s PR — - = A e T — [T~
[ ] B ] [ ey Y oy Odooe E=] LI o
== CR o T = } | Az et g Wy O o~ o LT
= PR I T S o BEa i . W = en M e m 1a o o — b= <k S e [ N R T
(=] ) 3 T D1 b= fF o T ol I 3D 0 o 0 n B e MY oo DO X g Moo @0 o e (] . E = Mo 2w



[
L]
Py
"
1=
D
4
)
et
) (s ]
o e N Gre ary 1A I e 7y 0 ) £ e €U e T T a0 U 0 e 2 & Y (R L= Ul s o u gy Cre s
-+ - XD M G @ O S S pe M opm ST DS NP o s o 2 D OOy D D L R I ] L3 . - - = U - - - -
e e . B - - - - . - - - S - - = A . . " . - . - - - [P B B L = T [ F I = e =]
— -0 k= o A3 ez OW e S g T [P T B T S e S = S et e e < I O D o
vl — L % — -_— =y e o ~— L= [ e 2 e ——
= Li. &> e
hal S
=] £
u [=¥]
(2] = == I 4 ) 3 ey T e KD e N T OO S Od o TR g e ol ST U T 0n oo WY om ] e U g Y o oy L0 2
- EI gy I B Y T IRt s S S SO o f peiSy  f ppti ar T ~ == A Y o . - [ I - - - .
e P S - - . . L3 . - " " . = - - . - . - . - - = - . [P T B == U o [ ]
oy w3 = ag e CF L S e O3 pe QD A e D gm v e U am W oy O o @ o [= 7 TS T B <0 ey DT>
Lo — LI €y s e = =% b= L e P
Ll L e [F]
=t M o
= “T
[ (=]
L . 63 € uY MY e WL g S L S el 0o v 4oy Doam Lo O ok oo o = o U oes OO e LR < S
[¥F] - XD T S M) LS. w3 ope G T 0% WD xS U 0t e N0 pg T2 Dy S oy O e Ee} . . e B - - - '
e T T e S S L I - TR S SR i e 07 e
[Aa] Ty CF v, s am, AN Ty sDe e O S Te O s gm0 W o A oo WD e < [T T N P TW I e B S
e [ T bl - e e — - =1 £ gy o= oy
[ L. .o —_— -—
=L g
et <L
Iz ™
S AT go
= e — Lt = [l
[ R - T [ - e g S
¥ =F o B O =T - L3 g m o
= — el | — = S e =
e [ - = Cry BN S e e — w T
[ o ad (=] e €2 g oo £ on e
[ated - mL S oW = ] g 0Joch G - [ o
e | ™) o e i LT R = W = & T 4n = W d R e T B T I 1 —_— =1 <k —_— A e O Mmooy 4
fava ] [ 'l ar €F) p=e WL oy S+ o IE o3E G O LD ogm ST L P oGl O oy Mool U oy Ly — ) YE pe= [ e (% B



L=t (¥ < PR~ B L LS S a1
. b= - . R s v e = . o= (2]
s Uy e - = e R g [sti 'y B SRR e e
oI W | (M) =1
. — s Y
= o
= 1~
o
Eh — B I T Bl N L IR TR o =}
by I Rt S S~ M DI ——
L e [ (I S iy T = S T o B =1 -
[ %7} vTa
T
“r
e
e
ny =) ©Za I gz £ g D s O oAy D oum D e vy
P = b= ey - - - - - - - - . - - - - —
a1 = &ry pe v ome D o R WY ge = opy R [T o
= PSOLL an R 521 = =
- — T o)
i Wil e
[ ,
1)
- ,
=, v [ @ e gy il e o
e I TN A, A <.
il s €T gy S o S [ Y
e [is] et =
— =
"D .
=
: — [ g L S = (¥ ]
- - - - - > - R
[ R T I et S ~£) g
. ] = e
e
o4 .
¢
o =3 = L I = ¥ I e e um <
3 - - - ] - l - et - . - - . . - - =
(= wr L e SEL o, S g B em e = wews Ty O g -
w o ] — e wi = [
s e L ] -
[=% S
= Cr=
- = i Lac I I = T B e R R R =] =1 o
(=3 a b Ty - - - . - - . - " - - - - . o
e Qg o WD m W3 um D LS e g WDy oD gey < [a} by
Y = b <y — -y ud ) =4
<3 el T} —
o I
1 e
d
- = wI MOy T m A e B en CO g Dy 0y o
i - - Ry - - . - - - - . - - - - - - [}
[ S e I £ om "= opm o~ om0 m U7 e <D ey S [yl s
- o~ bk a0 44 - = o
- [~ )
e an =
= Cre
P
R - 4
= = 3 LI = T R v &) T e KF g e gy w13 L
=1 . ey - - - - - - - . . - - - =
ey IS T 4 o “r vy 5T oy wEe L= R TS B (1] i
) [ T ~£1 [S¥] = o=
- LS -—
[ S
— &=
m
L=
— = 3 - PP L e = O T~ I ] cr u
e P = - . - F T A . -
kTS B S ¢ B u= BT ot ARSI S v - R B 1 = i -
— Kre ki -0 Lo -3 Lt
ny [~ YT -
r= L e
m (4]
a
ur .
L) = (48] - s | [V . LY = woe ey oo -
B ) = . LI e T L
- PRSI 0 T A0 ey I —— L L R T [y ¥}
o e i w0 2 o )
il YR -
[ ] L Rt
— SR
ir:
(NN} e - O M e O oS F i YT iy 3 e e ) [t
el - e o, | T T eV - el
Qlr £ = e D LT om0 om0 S, el [N} .
) ke g 4 —— i =i
oy —
=L .
=

ra el L S ] o
AT B e S T b Y, T B TR G ks
(L I L - TR S T ¥ Bt I o TR R S 1

|
t
\
i



QUTGRUNRY KINING SERVICES. Bepanalytical laboratorys F. Lasberg. Appendix 27 2 Nereative ninersl compos:iion,

L3, Sla4f

Tepth (8! 1.0 f11.0 112.4 1130 e, 115,90 1174 118.0 119.40 120.9 121.0
FockType AEFET #BFST REFST 4EFET ARFLT 4EFSY AEFST ABFST ABFST  ABFST REFET
Anal. o, 9054713 9054715 9058715 F9SeTle 905eTIT B05a71% 9054720 9054721 9058722 9034723 058724
zb 9.9 3.3 57.3 7.3 8a.7 5.7 60.9 25, a7.1 986 44.73
gtz 4.0 [.8 8.5 L 3.8 L .0 2,0 0.0 2.8 0.0 0.4
U h.i 6.3 0.4 0y 4.3 0.5 4.8 6.3 0.3 0.4 0.7
af .4 6.7 2.1 1.4 ' G, 0 g.0 0.0 (Y i.2 9.8
phl 0.9 1.5 0.3 4.5 1 I g 2.4 0.8 0.9 1.8 1.1
chl 0.0 3.0 0.9 N1 Q.0 .0 G0 0.0 G, 0 0.¢ 6.0
5Ca 0.3 1.2 0.2 0.3 3 85 0.3 G.2 0.5 0.4
apa Gl 0.2 .l i O ¥, 2 B .2 g1 b.¢ ! .1
dal 84,7 35.1 9.1 1.4 13,0 3.0 §7.% 8.7 4.3 1.7 7.9 %.7
cp 2.8 2.4 3.3 4.4 1.z 3 5.t 2.3 12.3 23.1 13.4 212
By 0.2 1.3 2.9 1.2 HE: i, v.2 14 - 2.4 9.3 11,2
po g.2 9.5 18.2 R (5.1 5.3 A g.4 2.4 14,4 14,0 7.5
ora 0.0 0.0 0.4 0.4 oL 0,0 0.6 0.0 0.0 g,
Total 100.5 142.5 t0e.7 102.4 14,8  [CER 1051 105.3 1089 1044 106.0 D40

gyl ipytpe! 0.07 0.1 .14 0,12 g1 hid 0,32 G.id 0.14 0.40 0,80



CUTORUNFU MININE SERVICES, Beeanalytical lzboratory. F. Lesherg, Appendly Mermztive eimeral compoctiion.

ru
Ly

Depth (@) 122.0 123.0 124.0 1gs.0 i12e0 127.0 PEE.0 12900 13000 131.0 134,0 136. 0
ReckType ARFST smEST  ARFST  ABFST  ABFST  ARFST  AEFST  RBRET ARFST ARFST/HDEABFST/MIBRRFST/MEE
fnal.no. 50%6725 0S4TR6  S0S54727 9054728 9056729 T0TaTIL 3056731 9054732 9054733 9056734 905573 90367
&b Lae 53.8 79,4 31.2 8.3 §%.7 7. 54.7 18,0 8.3 St 857.2
at2 3.7 1.0 0.3 4.0 0.9 0.0 4.0 8.0 8.0 0.0 0. 2.0
Ty 0.2 0.4 0.8 0.4 - toe Wi i.6 .4 1.4 1.4 1.5
3f 5.9 5.1 2.2 3.0 6.9 0.0 2.0 i, 0.0 0.4 g.5 8.3
phi .3 0.3 0.4 0.4 4,8 2.3 .3 3.4 0.2 0.5 1.9 2.8
chl W0 a0 0.0 0.0 0.0 0.0 3.0 R 0.0 0.0 9.9 0.4
! 0.2 0.2 0.2 0.3 0.§ 0.5 0.4 0.5 0.7 0.4 5.0 4.7
apa i1 0,6 0.2 0.2 0.3 0.8 0.5 0.8 0.1 0.5 0.% 0.4
gol 3.4 16,5 4.4 0.1 2%.7 28.0 7.2 193 £5.5 30.8 20.9 13.7
ip 20.9 1F:.7 9.1 9.7 5.8 4.5 2.5 7 5. ‘ 5.0 1.2 0.7 2.2
oY 3.1 5.3 3.4 1 4.1 8.1 4.3 3.3 3.9 2.3 2.1 BiE
Ll 13.4 0.0 5.4 2.9 3.0 £.3 a.& 8.1 15,0 7.8 14.5 13.7
gra 0.0 i, 0.0 8.0 0.0 4.0 4.0 3.0 0.0 0.0 0.0 0.4
Tota! 100.2 19g.:2 10,8 102,  107.3 107.8 04,8 1pa.g 103.9 105.8 7.5 147.3
pylipesno 9.25 1,00 ¢.39 .80 0.45 {.83 .33 {.2% 0.28 0.23 0.18 0,14



QUTTEUMPY MINING SERVICES. Becanslviical laboratery, F. Lasberg. #ppendix Efﬂé . Horaative sineral coapesiilen.

o
o

7
T~
£
M

Depih (! 144.0 154.,0 160.0
ReckType ABFST/MDRABFST/MDEABFST/HOR

Anal.ng. 9456737 9056738 90346719
ab 37.1 0.8 1.3
gt: 0.0 0.0 IR
Ty 6.3 1.2 u.3
af 4.0 0n.é 0,0
phl 1.4 ) 0,5
¢hl G.0 0.0 ¢.0
5Ca ) .7 0.8
&pa 4.3 4.9 a1
do! 37.7 21.3 57.%
cp ¢.3 1.8 2.2 )
Py 3.1 21 2.3
po 2.3 12.3 19.4
Gra 0.4 .0 .0
Total 108.9 102.0 i04,2

py/ipyepul 9.14 0,14 0
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Bidjovagge ore types / correlation satrix

C4-ORE / CORRELATIOM COEFFICIENTS

5102 Ti02 Al203 €r203 V203 FeD HaD g0 Cal RB20 Sr0  BaD Na20 K20 Zr0® P205 €02 Cu Ki Lo Zn  Fb § ks R Y He L1 Th U s La Ce
Sigz .00 )
Tio2  0.06 1.00
Ale03 6,78 0.2% 1.00
Ce203 0.22 -0.73 -0.27 1.00 '
Vel -0.23 0.80 -0.06 -0.54 1.00
Fed -0.80 0.10 -0.48 ~0,30 0.35 1.09
HaO  -0.88 -0.09 -0.72 -0.11 0.09 0.50 1.00
Ho0  -0.52 0.32 -0.45 -0.21 0.45 0.19 0,83 1.90
Ca0  -0.89 -0.32 -0,75 0.05 -0.04 0.47 0.93 0.56 1.00
fbed  0.5% -0.34 090 0.11 -0.5% -0.72 -0,45 -0.35 -0.35 .00
ScQ 0,06 0,04 0.5 -0.38 -0.09 0,35 0.4 -0.03 0.04 0.56 1.50
B0 0.63 -0.42 0.86 0,03 ~0.45 -0.58 -0.20 -0.47 -0.22 0.90 0.48 1.00
N2l  6.52 .31 0.62 -0.38 0.31 -0,25 -0,58 -0.44 -0.69 0.04 0,04 0.07 1.00
K20 0.34 -0.40 0.63 0.23 -0.5% -0.68 ~0.40 =039 -0.28 .97 0.57 0.92 -0.09 1.0
Zrl2  0.37 0.91 0.48 -0.62 9.53 -0.20 -0.35 0.09 -0.57 -0.10 0.0h -0.19 0.85 -0.24 .00
Feos  0.07 0.65 0.80 -0.88 0.52 -0.07 -0.12 0.02 -0.25 0.20 0.59 0.25 0,52 0.09 0.65 1.00
L2 -0.87 -0.45 -0.84 0.21 -0.%4 0.53 0.89 0.44 0.%6 =0.40 -0.12 -0.26 -0.71 -0.31 -0.69 ~0.45 .00

Cu  =0.31 0.26 -0.27 -0.26 0.FF 0.41 0.18 -0.10 0.10 -0.45 -0.12 -0.30 0.07 -0.41 0.22 .13 0.12 1.0
Hi -0.83 -0.31 -0.61 0.05 0,07 0.84 0.32 -0.03 0.41 -0.50 -0.37 -0.38 -0.71 -6.40 -0,55 -0.3& 0.5 0.02 1.00
Co -0.49 -0,30 -0.55 -0.09 -0.05 .84 0.36 ~0.04 0.48 -0.42 -0.25 -0.23 ~0.31 -0.35 -0.48 -0.10 0,57 0 0.90 1.00

a
n 0.04 0.15 0.25-0,25 0.01 -0.12 ~0.04 -0,01 -0.06 0.1& 0.27 0.22 0.06 0.1¢ 0.18 0.37 -0.(1 0

1.
0.
0.
0.08 -0.22 -0.09 (.00
Pb 0,09 0.09 0.29 -0.20 ~0.056 -0.17 -0.0% -0.05 -0.09 0.23 0.30 0.28 0.2 0.83 0.14 0.35 -0.13 0.
9.
0.
0.
0.

5 -0.23 -0.10 0.99 t.00
G 0.87 0.90 -0.13 -0.1¢ 1.00

0
§ -0.74 -0.10 =0.67 -0.14 0.19 0.95 0.41 -0.00 0.45 0,47 =0.38 -0.48 ~0.23 -0.59 -0.34 =017 0.54 4
02 0.65 0.8! -0.13 -0.11 0.60 1.00
B

s =034 -0.30 -0,22 -0.01 -0.07 0.50 =0.01 -0.18 0.19 =047 ~0.21 -0.15 -0.09 -0.14 -0.37 -0.12 0.27
fu  -0.24 0.20 -0.23 -0.22 0.08 0.33 0.13 -0.07 ¢.08 -0.32 -0.18 -0.25 0.02 -0.%2 0.18 0.07 0.10 9 0.60 0.11 -0.10 -0.12- 0,42 0,01 1.00

Y -0.2¢ 071 0.07 -0.77 0.83 0.32 0.12 0,40 -0.00 -0.35 0.12 -6.3% 0.32 -0.47 0.50 0.&1 -0.1% 15 -0.01 0.4 0,07 6.01 0,16 0.19 0.02 1.00

Mo -0.06 -0.24 -0.08 0.0F -0.23 0.26 -0.26 -0.30 -0.05 ~0.07 -0.23 0.00 0,03 -0.03 -0,15 -0.08 0.03 0.26 0.35 0.55 -0.04 -0.04 0.44 0.71 0.27 0.15 1.00

£l 0.19 0.66 0,33 -0.54 0.51 -0.21 -0.19 0,40 -0.28 -0.04 0.20 -0.12 0.27 -0.09 0.67 0.59 -0.45 -0.03 -0,42 -0.3% 0.14 0.13 -0.33 ~0.26 0.04 0.54 -0.09 ]

ih 0.80 0,33 0.38 0.52 -0.63 -0.67 -0.64 -0.53 -0.50 0.4% -0.12 0.39 0.17 0,56 0.04 -0.35 -0.48 =0.15 -0.44 -0.5& ~0.09 -0.04 -0.52 -0.23 -0,05 -¢.48 0.14 -0.14 .00

U -0.26 -0.27 -0.08 -0.15 -0.2¢ 0.40 -0.04 -0.17 0.14 0.00 -0.05 0,10 -0.10 ©.63 -0.25 0.04 0.18 -0.01 0.5 ©0.75 0.09 0.12 0.48 0.8 -0.10 0.27 ¢.77 ~0.17 -0.14 1.00

Ls 0.1L 0.4 0.34 -0.53 0.30 0.03 -0.16 -0.05 -0.28 -0.01 0.20 0.01 .35 -0.07 0.47 0.5% -0.34 0.01 =0.12 -0.05 0.43 0.52 0,07 0,05 -0.07 0.43 -0.07 0.29 -0.13 0.12 1.00

La 0.03 0.07 0,18 -0.33 -0.26 0.10 -0.07 -0.31 -0.12 ¢.12 0.23 0.8 0.11 G.11 0.20 0.31 -0.12 0.32 -0.04 0.21 0.38 0.41 0.92 0.2f 0.12 ¢.25 0.27 -0.06 0.13 0.42 0.5% 1.00

Ce 0.4 0.40 0.51 -0,33 -0.02 -0.28 -0.42 -0.12 -0.52 0.17 0,18 0.13 0.32 0.15 0.61 0.3% -0.58 -0.05 -0.40 -0.22 0.16 0.20 -0.35 -0.03 <0,17 0,44 0.1t 0.5t 0.32 0.20 ¢.44 0.60 1.00
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Bidjovagge ore types / correlation aatriy

E-0RE / CORRELATION COEFFICIENTS

5102 Ti(Z A1203 Cr203 V203 Fed Knd Bl Ca0 Rb20 Sr0  Bal Ma20 K20 202 PROS 2 Cu K Lo 20 5§ A A Y H (1 Th U & La Ce
sig2  1.00 a
Tig2 0.9 1.00

RIZ03 0.%8 0.95 1.00

Cr2d3 0.24 0.84 €.90 1.00

Va03  0.48 0.84 0.55 0.4% 1.00

Fe  -0.5% -0.42 -0.59 -0.4% -0.28 1.00

Ha  -0.85 -0.8t -0.87 -0.54 0.1 0.42 1.0

#90  -0.40 -0.43 -0.45 -0.5¢ -0.3% 0.27 0.75 1.00

L0 -0.54 -0.52 -0.58 -0.55 -0.08 0.32 0.9 0.7% 1.00

Fb20 -0.69 -0.04 -0.03 ~0.22 -0.10 0.15 0.18 0.51 0.20 1.00

Sed -0.08 -0.15 -0.09 -0.27 0.15 -0.25 0.4 0.40 0.39 0.22 1.00

Bad  -0.02 0.11 0.09 0.10 0.26 0.08 -0.14 -0.11 -0.1¢ 0.37 0.05 1.00

K20 0.9 0.9 0.98 0.93 0.53 -0.59 -0.70 -0.5! -0.40 -4.20 ~0.16 0.00 1.00

KD 0.18 0.32 0.23 0.25 0.22 0.20 -0.08 0.14 4.0 0.58 -0.24 0.41 .15 1.00

2r02 0.92 0.97 0.92 0.47 0.55 -0.35 -0.50 -0.42 <031 <0.10 -6.17 0.0% 0.93 0.30 1.00

P05 0.78 0.79 0.78 0.59 0.35 -0.19 -0.40 -0.73 =0.37 -0.02 -0.06 0.05 0.75 0.17 0.85 1.00

€02 -0.85 -0.b1 ~0.87 -0.57 <015 0.40 0.95 0.83 0.95 0.07 0.24 -0.12 -0.67 -6.04 -0.50 -0.65 1.00

Cu 0.09 0.25 0.16 0.28 0.5 0.23 -0.23 -0.55 -0.24 =016 -0.27 0.2% 0.1 0.21 0.24 0,19 -0.t0 1.00

Mo -0.35 -0.25 -0.32 -0.08 -0.19 0,79 0.07 -0.13 -0.05 -0.01 -0.40 0.10 -0.32 0.18 -0.17 -0.02 0.11 0.42 1.00

Lo -0.51 -0.39 -0.52 -0.37 -0.38 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 1.4

n .30 0.33 0.3% 0.2 0.58 -0.11 -0.20 -0.32 -0.22 -0.08 0.00 .44 0.37 0.14 .33 0.93 -0.20 0.58 .04 ~0.11 1.00 Eff
Pb mw&m&mﬂwmnmwmﬂﬂmmﬁmwammm%w&%&ﬂ%%mnmﬂmmmﬁmwLM Q
5 “0.48 -0.35 -0.48 -0.27 -0.22 0.7% 0.28 -0.03 0.25 -0.16 -0.39 -0.10 -0.43 0.11 -0.28 -0.25 0.5 0.3% 0.65 0.69 -0.18 0.4% 1.00 q:?
fs  -0.35 -0.36 -0.33 -0.23 -0.47 0.35 ~0.01 0.05 =0,05 -0.21 -0.50 -0.18 -0.33 -0.09 ~0.28 -0.16 0.08 -0.29 0.30 0.5 -0.39 -0.31 0,38 1.0¢
R -0.04 0,18 -0.01 0,09 0.29 0.44 -0.07 -0,28 -0.14 -0.15 081 -0.05 0.04 0.15 0.1B 0,13 -0.03 0.4 0.46 0.47 0.15 0.53 0.32 -0.04 1.0 Y/
¥ MﬁMEMhMbM%MLM%M%MMM&MEMSM%M!MIMFMPM%MhM?M%MLM%M%M?MO T
Ko 0.09 0.10 0.10 0.24 0.23 0.08 0.02 -0.23 0.07 -0.36 -0.14 ~0.24 0.19 -0.03 0.18 0.07 0.13 0.34 0.18 0.13 0.13 0.37 0.3 -0.07 0.33 -6.12 1.00 x
€l -0.57 -0.47 -0.40 -0.65 -0.25 0.60 0,53 0.57 0.51 0.4% 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 0.2] -0.10 0.00 -0.17 1.00
Th 0.43 0.83 0.48 0.55 0.18 -0.35 ~0.28 -0.15 -0.26 0.23 -0.00 0.15 0.46 0.16 0,39 0.35 -0.29 -0.06 ~0.14 -0.3% 0.23 -0.25 -0.37 ~0.00 -0.12 -0.09 -0.06 -0.1% .00 -
I -0.07 0.08 0.02 0.16 0.59 0.19 0.07 0.4! 0.05 -0.27 ~0.03 0.25 0.06 -0,01 0.04 -0.01 0.13 0.63 0.33 0.03 0.6 0.59 0.35 -0.35 0.3 0.1 0,55 -0.05 -0.02 1.00 N
L -0.10 -0.01 -0.04 -0.02 -0.11 0.17 -0.17 0.06 ~0.14 0.1 s0.2l 0.28 <002 0.08 ~0.00 -0.01 -0.16 ~0.02 0.07 0.18 -0.19 -0.12 0.15 0.1 0.08 -0.02 -0.02 0.13 -0.11 0.01 1.00

hY

b 0.30 0.33 0.3¢ 0.27 0,20 -0.10 -0.39 ~0.26 -0.50 0.15 0.25 0.32 0.2 ~0.00 0.91 0.31 -0.51 017 0.0% ~0.11 0.31 -0.10 0,34 ~0.23 0.13 0.21 -0.14 =0.08° 0.34 0.04 0.15 1.00
Ce 051 0.5 0.57 0.53 0.39 -0.28 -0.36 -0.22 -0.43 0.09 0.12 0.tk 0.51 0.18 0.7 0.50 -0.40 -0.02 -0.04 -0.34 0.37 -0.03 -0.45 ~0.3 ~0.04 0,38 -0.27 ~0.26 0.44 0.07 -0.09 0.58 1.0
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CUTORUMPY MINING SERVICES, Geranzlytical laboratory. P Lasberg. rAppendis 45;” . Dne-ton percentages

E\ N95F A 2.OF

Bepth (&) 47,60 52,40 83,00 29.00 93.00  100.00  107.00 117,00 129.00 18100 1AR.00 1IN
FockType #ESFT  ARSFT RESFT ABSFT  AEFST  AEFST ABFET HEEST ABFET EECST  ABFST 4ER5T
faal. ne. 91255 O12355% Q12%G8h 9123%e! 9123968 9123562 9123533 9123064 2123%el 9lelles 2123967 7iz3SsE
H 51,33 85,42 59,89  S51.8% 4300 80,33 £1.05 4e,8% 3455 §.38 5,82 AL
T 3,40 .38 0,35 0.35 ¢.39 0,42 .37 4,20 .24 G.0% 0.3% §.i2
£l 14,92 LAY 12.8% 14,85 1745 17.88 15.08 12,71 8.3 LAS 12,4 .08
Iy g.02 8,02 .02 0,02 0.02 1,02 .0 4,08 0,01 §,00 TIH UMM
Y 0.0 0.02 g . 0.0 i.02 4.0 &0 TR CH 0,01 0,02 [ MH
e 2.84 1,92 §.33 .47 1.28 8.4 11,53 £.9¢ 4,57 2.138
r ¢.04 0,03 R L1 0.0 0.0 4,05 9.33 R 017
M3 4,78 &40 0.17 8 $.29 t E? ¢.20 16.58 548 B3
La S.14 2.9 a4l .68 (.82 0.3t LR H Z:.52 5.9%
e &, 00 g.0n o 0 N D40 0.00 §.00 (.00 0.0 9.0
8 0.042  (,002 g.002 0008 0.002 i, 00 0,401 0,003  0.002
Es 0.003  0.003 0.001 {1 042 4004 G004 G.9002 0.002 0.0
b 14,48 14.57 17,78 18.53 5,87 12,44 AT 1.07 12.15
B .25 §.82 0.07 .08 big 4.07 1,05 2,04 .25
Ir 0,011 0.010 g.0iz 0,013 a0 0% 007 0.000 0,010 Hl
F 0. 04 0. 04 0,08 0,08 9. 05 3,08 .05 .47 .03 0.0 0.03 B, 0k
€ 4,18 b1y 7.86 0.98 b.27 0.78 .87 (] .02 37.597 5.3% 18,53
Lu Q.00 ] .40 e.ilﬁ .00 003 01 .91 .t 0,00 (.04 840
Ni 000 0,901 2.03 0,02 0,00 {00 0,00 4.07 6,08 0.02 G0 0,02
Lo 0.02 (.01 0,02 g.1 (1. 00 (h.0! .01 .04 .08 (.02 G0t @02
Zn .90 (.00 0,00 0,00 . 00 .00 0.00 4,00 0.00 ¢.00 0.00 G.on
Fb .00 G.00 0.G0 0,00 4.0 Ll 0.0 .00 §.00 0.00 0.0 .0
5 1.90 g.10 1,18 7.3% (VIR ¥ .28 1.8 15,84 23.23 4.03 4.78 13.75
L1 0.0z 0,03 (.03 0,05 0.01 1} 4.0t G0 0.03 ¢.0% 0.2 §.03
SuM 106,00 100.50 100,00 100,00 100,00 100,00 100,00 140.00 100,00 100,00 100,00 100.00
CALCULATEL VALUES
A1203/7102 3.4 27.5 23.8 27.3 28.3 27.2 2.6 272 el.é 24.8 22.% £5.32
£1203/Cr203 6234 418.% abl.! 994.3 T §38.0 37%.2 473,1 3%1.8 288.9  §583.9  L35.:
T102/Creé3 26,4 22,5 2i.b 20.3 es.8 23.3 20,9 17.4 17.9 1.7 25,1 16.6
2reefTige g.021 0.0%2  0.083  0.082 0.024 0.424 0,085 0.023  g.021 0.000 0,028 4,020
Co/ii 7.000 0,727  0.813 1,600 1096 2.333 1,400 aub 0.810 1,421 1,308 1. 3%
Carklnd 1.8 1.4 41,5 8.0 4.1 5.5 3.2 2.7 34.9 83.% 32.8 o5.4
ds 38.5 85.7 ib.8 38.4 19.3 11.9 . ! 3.2 11,4 36.7 33.3 a7
+ugs go.! g2.4 76.1 54.7 2.6 56.0 23.5 8.5 37.4 84.6 89.7 3.3
+cid 106,90 100.6 190.0 130,40 0.0 106,40 106,40 1044 100.0 100.¢ HITINE 10,0
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Bidjovagge ore types / correlation matrix

¥-CRE / CORRELATION COEFFICIENTS

§i02 Ti02 A1203 Cra0d V203 FeD Ml HgD CaD FRH20 &e0  Bal hHa20 K20 2002 PR0S C02 Cu i Lo Zn  Fb S M M B Te Y e €1 Th y € La (e
sig2 .00
Tige 0.9 1.00
R1203 0.9 0.%% 1.00
Cre03 0.6 0.76 0.52 1.00
veos  0.83 0.8% 0.5 0.77 1.00
FeD  =0.37 -0.43 -0.40 -0.33 -(.27 1.00
Mo -0.75 -0.80 -0.73 -0.68 -0.47 0.4 1.00
Mgl  -0,30 -0.5) -0.8% <021 -0.46 0.&1 0.75 1.00
Cad  -0.79 -0.79 -0.77 -0.62 -0.72 0.0 0.95 0.71 1.60
Fb20  0.12 0.11 0,28 -0.42 -0.02 0.07 0.03 0.23 -0.04 .00
SrQ  -0.07 -0.17 0,01 0,88 -0.35 0,12 0.3 0.34 0€.35 0.70 L.00
Bl 0.18 0.1% 0.27 -0.33 0.08 0.05 0.03 0.03 -0.04 0.59 0.62 1.00
Kad 0.BQ 0.65 0.85 0.51 0.41 -0.27 -0.57 -0.37 -0.58 0.13 -0.04 0.26 1.00
KRG 0.53 9.%% (.68 -0.6% 0.38 -0.22 -0.32 -0.03 -0.37 0.B0 0,52 0.5 0.4¢ 1.00
02 0.95 0.97 0.9 0.66 0.80 -0.33 -0.74 -0.48 -0.76 0.09 -0.16 0.12 0.81 0.5 1,00
FR03  0.4% 0.57 0.89 -0.12 0.27 -0.20 -0.37 -0.1% -0.40 0.84 0.52 0,58 0.5¢ 0.8 ¢.54 .00
f02  -0.82 -0.E2 -0.80 -0.50 -0.59 0.50 0.96 0.70 0.97 -0.14 0.23 -0.10 -0.4! -0.44 =0,78 =0.46 1.00
Cu 0.08 -0.00 0.03 -0.12 0.20 0.38 0.25 ¢0.12 0.12 0.00 0.05 0.26 -0.05 0.05 0.04 0.040 0.19 1.00
NI -0.20 -0.27 -0.36 0.14 -0.04 0.6 0.30 0.23 0.32 -0.45 -0.38 -0.28 -0.20 -0.58 -0.2% -0.58 0.3 0.3% 1.00
Co  -0.17 -0.27 -0.29 0.00 -0.14 0.7% 0.38 0.30 0.37 -0.24 -0.14 -0.13 -0.12 -0.43 -0.21 -0.47 0,37 ©€.28 ©€.65 1.00
n 0.19 0.23 0.28 -0.10 0.21 -0.13 -0.10 -0.02 -0.18 0.30 0.13 0.21 0.20 0.40 0.22 0.42 -0.17 0.30 -0.27 -0.41 1.00
Fb 0.26 0.25 0.2% Q.22 0.32 -0.21 -0.22 -0.30 -0.20 -0.11 -0.19 -0.0% 0.20 0.09 0.26 0.05-0.18 0.30 0.0 -0.12 0.25 1.0
§ -0.25 -0.32 -0.33 -0.08 -0.16 0.91 0.48 0.46 0.48 -0.15 -0.12 -0.09 -0.17 -0.34 -0.27 -0.39 0.4% 0.31 0.81 0.90 -0.23 -0.15 1.00
ks 0.04 ©¢.01 -0.01 0.1& -0.09 0.05 -0.03 0.01 0.00 -0.06 -0.06 -0.08 0.10 -0.10 0.03 -0.14 -0.03 -0.51 0.04 0.25 -0.27 -0.3% 0.20 !.00
fu 0.40 0.3% 0.31 0.33 0.47 -0.41 -0,4) -0,51 -0.42 -0.0% -0.15 0.23 0.25 0.13 0,32 0.10 -0.41 0.26 0.00 -0.10 Q.16 0.35 -0.35 -0.25 1.00
Bi 0.0 0.02 -0.03 0.13 0.27 0.09 -0.02 -0.07 -0.04 ~0.09 -0.11 0.13 0.05 -0.08 -0.02 -0.1% .01 0.28 O.24 .20 -0.11 0.1& Q.13 -0.17 0.42 1.06
Te 0.25 0.2% 0.15 0.33 0.37 -0.40 -0.40 -0.47 -0.36 -0.2b -0.30 0.04 0.0 -0.05 0.18 -0,02 -0.32 0.13 0.15 -0.13 €.00 0.3% -6.28 -0.22 0.7% 0.55 (.00
) 0.2 .10 0.05 0.25 0.29 0.07 6.04 -0.52 0.05 -0.08 -0.0% 0.11 0.04 -0.03 0.11 -0.22 -0.02 0.30 0.23 0.18 0.1% Q.34 0.09 -0.17 0.4h 0.16 .24 1.00
Ha 0.59 0.3% 0.52 0.42 0.52 -0.22 -0.39 -0.23 -0.42 -0.21 -0.37 -0.18 0.49 0.12 0.&0 0.05 -0.37 0.01 0.05 0.03 -0.06 0.13 -0.04 0.16 0.27 -0.00 0.!3 0.17 1.00
L -0.13 -0.22 -0.09 -0.59 -0.25 0.38 0.42 0.3% 0.38 0.40 0.73 0.55 -0.11 0.3 -0.22 0.30 0.20 0.27 -0.08 0.1 0.0 -0.¢8 0.12 -0.18 -0,15 0.02 -0.22 0.10 -0.33 1.00
Th 0.4 0.42 .37 0.38 0.43 -0.23 -0.41 -0.22 -0.44 0.07 -0.13 -0.05 0.28 0.20 0.3% .14 -0.43 -0.04 -0.24 -0.22 0.03 ©.17 -0.26 -0.90 0.17 Q.24 0.10 0.10 0.28 -0.07 1.40
u 0.51 0.5 0.48 0.5! 0.34 -0.47 -0.52 -0.45 -0.54 -0.09 ~0.22 0.17 0.39 0.20 0.5 0.28 -0.51 .13 -0.13 -0.38 ¢.28 .27 -0.33 -0.11 0.52 0.05 6.45 0.2 0.32-0.22 0.3 .00
Cs 0.05 -0.06 4.01 -0.14 -0.03 0.40 0.1% 0.1& 0.13 0.17 0.12 0.07 0.056 0.03 0.00 0,03 0,12 0.20 0.1E 0.30 -0.08 -0.04 0.35 -0.08 -0.GB -0.09 -0.29 0.2 0.03 0.38 0.0} -0.22 .00
La 0.40 0.3% 0.3% 0.40 0.35 -0.03 -0.23 -0.26 -0.20 -0.05 -0.14 -0.01 0.3 0.06 0.39 ¢.01 -0.23 0.62 0.1 0.18 -6.23 0.23 0.14 0.09 0.13 0.14 0.17 0.32 0.3 -0.07 0.1¢ 0.24 0.23 (.00
Ce 0.67 0.37 4.57 0.43 0.53 -0.16 -0.43 -0.40 -0.47 0.08 -0.09 0.12 0,43 0.27 0.6 0.18 -0.52 0.11 -0.03 0.05 0.06 O.18 -0.08 0.05 0.39 0.17 0.23 ¢.48 0.38 0.03 .31 0.3% 0.18 0.91 .00
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QUTOVUMPL MINING SERVICES, Becamalybice! lshorziery, . Lasberg. mppendis EeféL . {ne-i1en percentages.

i N9SF

fepth (o 15, i cl.0p  gh.oo 22,00 23.00 B&.00 25,00 26.900
feckTvpe REFST AEEST GEFST  ABFST  ABFST Oh 2 Iy
fnal.ng. Be7iics 2974171 8975172 2975173 B97:174 BFTELTS BR%17a 2974NTT
5i 28,453 571 ELEE 45,88 55,87 4B.%5  43,B3  4B.53 0 432 §.00
Tt f.zi 0.3 g.23 .32 .38 9.3% 0.20 0.2¢ 0.3! g.22
Al 7.4 7.18 Ti% 4T 14,52 12.12 te, 08 14,48 16.73 it 1e 19.83
Cr .4 a0 (.01 0.0 0.0 .01 .02 (.0l .00 0.00 .00
y a0t f.01 i (.02 HR 0.01 0.0 4.0l 9,01
Fe 1.3 15,21 ) 5,38 2.78 2.1% 1.73 3.03 2.8
He 0,13 0,80 .03 ¢.08 0.09 0.04 .04 .04
b 5. 39 2,38 {I. 20 1.45 1.74 1.95 i.4k I 3.33
La 105,47 2,37 4,085 5.59% 7.95 5.38 8.47 7.7 g.1a
f .00 .00 i, 0o 8,00 .00 0.00 ¢.00 4,00 .00
Sr 0. 002 TRULY a,002 ¢ 0od ¢.00% 0.004 G, 810 g2 M3
gz 0.001 0,000 0. 900 (.001 0,008 0.601 d.ott 3410 .00
{a J.4 7.3t 12,47 14,13 12,94 5.93 11,33 10.95 1134
b G.02 {r.0e .08 fi. 0% .20 0.21 2.3t 2.47 £.48
Ir 0. 008 .04 Mg 012 0,009 0.GH 0,007 0,007 £.007
F s .03 003 0.08 .08 0.0% 0,35 $.37 0. 25
L 17,71 15.00 4.8a g.! 11,46 §.94 4,04 .23

Cu .20 0.3 G.28 n.19 0.14 G.18 .03 6,03 :

i 0,08 .07 0,4 &.01 0,01 0.01 0.01 0.00 G400
Co 0,03 0.07 0.03 0.02 0.0! .01 0.0t 0,01 01

DR 0,00 0.00 0.00 0.00 .40 0.0 Ny

) ) 0,00 0.00 0.00 .00 0.00 .00 .00 6,00
5 12,59 15.4% g.43 2.1 13.33 8.34 3.01 1.43 .38 1,85 bo19 0.%3
Ll 0.02 G.03 0,02 (.03 0.02 0.6! 0.02 .02 0.02 0.13 0.18 .08

sun 00,00 100,00 000 108,00 100,00 100,00 100.00 100.00 100.00  100.00 100,00 10C.00

CALCULATED

A1203/T102 22.8 12,6 2z.d LA giie 2i.3 g2.9 45,7 47.5 9.7 4.3 4001
AIZ03/0rE0T  479.% 4838 530 xhi S5 s07.0 S12.5  1860.9  23%4.4  3220.3  4EB2.8 3079.2
Ti028/Cr203 ¢1.9 22.4 23.5 i 22.4 28.3 e2.4 39.9 0.4 81.2 112.9 91.7
2r02/Tile 4,023 0.0zt €.023 1015 0.028  0.0B& 0.024 0,037 0.037  0.018 0.017 0017
Caiti 1,056 0.955 0920 9.9 L0098 0787 L.eS7 L7 L9 1.623 1,577 2.351
Carbind 852 a5.7 730 6.0 43.3 1.7 63.9 8.7 45.% 35.1 s2.1
44 19.8 6.1 15.2 5.1 1.8 15.0 .0 21.8 23.b 24.7 8.3

+ogs 4.4 47.3 Ta.k 45,3 43.¢ 75.4 B4.3 a0.9 79.2 76.7 go.t
4514 100.¢ 1on.8 0, HE A 00,0 1000 100.0 100.6  100.0  199.0  190.9




g

ie

n percente

(ire-1

.

Ky M9TF

= O =Moo M0 g U oo o= S T S O S 0 o <F g L T el — T — A — T Pl ay M3 e O [ B T PR
L=l = Py O Dy Do D TS e S D S o O s P - . . BV vy - = . =4
LR ¥ 2 — - - - - - - - - - - o - . - . - - = - = - - - _— = =Ry B G T O
0 b T o WY o L = o oy e o = e WY S oAy e g D o O o O S L= o= st o O e
.Pew vu«n.. HMu o = Lo = me e =] = = = e o Y — = [3 7] o] (% = =
3 (=2 ]
~] oy o= W U = g B s Uy O g W g e g W o O o O e = <3 1 vy WT LA o =]
- = oo T e Cn D N © e W S O W & - o i oS e o O =) S - LW g wh Y LRy
. CF) .. - - . - - . - = - R — - - - - - . - = - - - = W 0 g v e ™ 5 2 o
3 b g = — e~ BT - —A - B — R PR B~ TN T — I — R PR -~ IR - e = o e oy - - o ~ o
(o L o = - = — L= (e =~ —
< - —
o
=% ~ O o =2 @J W p O 5 & O O e ¥ a3 Y o WUy O e S o O U = o 0 S 7 [3 [Ty BT
= = a5 O U as & O & o Y o TS WSS e O ) Dy A oy A ST o =1 ~ - b T Y . = - a
- N - = - . - = - - . P — . P - " - = - = Al. - - - - Lo i = = [ Ve — m =
0 W .oy M o o o o © oo OO . B 1 S O S o O =4 oo b3 - . 3 — =
gl o - * M — Sl = = e F=s B Mo s =
T g e
[=3]
b= ps] B L o N e I o T e e TP R~ T T e L = e e~ T = A~ T = ~ SF grs LYooy =0 gy oS
S = T FMUEC (=D ST E . o BSOSO aM™mS = R ¥ - o
. =: . . . - - = - - - Oy - . = - - - - i - - - - - o3 3 g o (M ooy O
Ul Lo o = LT T T T o ¥ L — T L=1 P T L R T e WL O o
M B = 73 - e — L~J - < L — " —
<L - .
[==]
) u o WY a4 CU o= Do T o O oy 0 o O o W e e o o 04 = @ M o Uy Uy U e
o — o il R — R T R o A B o - R i S R — R S = o v e O e s . v .
- L L - - - - & - - - - - T - T — . = . = - . - = . 2 ) S oo S oy “ epe O o
wr b -ny = I A T R N S ™ ~ B o R e =~ o ) O g+ . < w S
ry ELh g ur — L= S ] <~ <> ~G (= =" —
€L —
s
= =¥ L T L e e L U W L R E e L W L BEe) - T R S = . e R o a1 Mg W o o
cEa B oy e T Tk B B T R e - SR S T R = e N S R e R ¥ ) re o= T,
[ R - . E . 5 . L —~ = Y R =] . I R e = T, - e L3 ooy LD ol e M S
[a s IRS] N5 e g L — [ = W o S - U, I e R T =L R T R O = rd ooy - - =13 vy B oy
R I A — = = aj et <& - T i —
“rocr- e
e
= %] e I R P T St R = T e T R R e o P R e R 7 S ) [T ~ AR R A Q7 pee W7 e
L=~ ] = N I = 7 T = T = e e R RN S e o o Ul e =4 a - a 1T g - - - .
. R e . A _* ] - 3 - - v B - - N - . - - . - “ . . - s Oy S o Sy WY e
(AN RS N . RO R T I = I e B S B s R s B D ooy O g e o e = e [ e
IS F R iy d R =4 - = — = oo -
e —
[=v]
< [aF] [ wD v o o oma O G O S O oS WU e T ooy v oore O oy O e < fy =3 [ =3 & Y9 Fes va I~ >
L= - T A T D T vt o Ul S ST S D o D i D e B S T L= = . 21 M s - r - -
= - — . . - - A T T T — - e e . . v - LI - o= -0 g - vy SO o
— £ . T v o T g Do S oy - - gy e v s O o O oS LY o L= _— T - - L g €D oS
o 55 o oy o) = e = - = g [~ -
o -—
oo
= -k T g ¥ . O ae D0 o <F o= O L, O e B0 5 O T e I oy = — 3 3 Dy D oo @ o
O Oy 1 = S T L DS S e D DS R P PR ¥ s - . - .
- L = e I e A i I T e S e ™ - ) UT . S op. I~ ey -0 s
o . o =0 oy T O TR T e O o = - B = D om S o D S =3 LI T - . N 5 O o
T I &y — = o = -— = e L= —
<L O~ —
[ a]
- o € e W3 g gy e gy S [P W 1 — — O Doy e oy L L ¥) o
= = D WA O e e o - =l oz &3 = R i fade-cagle - R
- LT, . - - . - . - - - b= . - - - . . - & - - O =0 gw ooy - Py )
Er lis -y = g MW L= T R 2 WY D s TS U S o> - WP gy - . W) gry =
T T wi . - < ~F L= -
. o -
[E =}
Lot} [~ Fogve - g T e F gy D = 0 . @0 gy ¥ £ WF gry O o~ o & T pe =4 R A e — L L T o B Y
- = W oy 5 o gy o e D8 S S g W g o i LI = I = L= - L3 v O g = - . .
- &Y e - . . . - . - - - [ = — . . T - - - . - - - - . - o Sl . S o & o
oy L i el — 35 B — - T oy Mo 5 - T s Py WY amm T i S o > — O gy . - Y gy O S5
L e I W - 0o - i =] - L~ —
“r ¥ —
o
= o B o0 KF e » e W g [ = 4 P & g == pn OF § ot I S e O g - — oy = O gy WY oy OO o
(] = WP g W0 o D ofg O [ A * = O gy = — U S O D g WY o = . - . ETE g g - - -
- - - - - - - - - - - . W - P — - - - - R - - - - WU gy S g D - ™~ &
e L TR o = & i bl YL TR i = " s W o TS TS S L [P R S . - I oo v o
LB I - - R = o oy L= —_—
€ — LY
o
o
[} (22} m = e
= [ = =3
[~ ,m.. . [y PR S N Y e
- kO <K L B 3o ]
e = ] —— = Ly ™~
dz b= s . L B e - [ =
AF e s [ [ TR s LS R ¥l [ & L=
W L om I o 04 G o Ca SO [ [
[ U e S s iy (b U S o L I i T S P ) ] B N N =Y. — =1 Y P el T S S Moy 4
ca e oap OO p— mB s S o Eoan K0 g W@ S L U g, e g ZE £ g R oy o [ SE L e Mo et



[Zx]
(=]

(] (o = 7]
=

' P

~ KF EEd

3 &4

i Y]

U =, “
I -
Vo e

i = IR an
"5 =)
G = iy
o

£y B0 R,
3 oy (X Y
e O = 50 v
1 =

oy iy W¥ = —* N
P .

o o
N =
-

0 e U

1 e O =

h

gy - e
0d v,y )
e e
3

= G+ T D)

0w S

€ro s O e
[T . e

o
¥
T 0 -
=gy, WY A

[V I T & R,

Lre piy owe o
e P e
¥ r
oy P oog
- T
LR I
L
oy e TR
£ feyp o -
1 -
* i
R &
L ™ o L

B gy R s Y g &)
il L e S
= e T = L
N s s
3B S ™
P i — e
o B g a )
o ogen KXF oo O F
= ey 0 o i
— = b - -
o = o
B R -

i
[T
e

R I
R T =

S o o o - . Py
£© oy ooy L

L R LI S

(AF
.3 v

iy
i -
ey eF
a
¥y
o <)

oy
s

£

o
(e

&

[14]
o

w

o

Wy

1

Ly

P

wr
(23

X1

s
.30

i

.

& o
o

Lot}

oy =
=
[ L=
= —
=

— D
-

e
o
s W

0,00

i

(=

-

—

iy}
(]

(o]
i

i

[y

=

i

ey
oy

Ly

i
(8

()

P
)

)

e

iy

[k}
£

I

S ]

(8]
Wi

o

i
(AN
(3

(2K}

i)
[a %}

(37

Q

| 2

(1]

Loz

(Al

i
)
(A%

Ve

[4¥)

oy
g

[h1}

-

us

(53]

—

=1
T

il

o

=

= =

o s

s o
.

I~ s

0l s

=

[~

=1 -

[usl

& o

[

™

o

[ L=l

b

a

[Tl

o>

i

o

43
o
1

o S
-
Lu .
oz
~ =
W N
L= L)
L
“




-y £ [P}
cn i -
- £
— LA A
(R
[Ty}
m
s
[
u [P = Rl
+o ke e -
= - . - -
" (LA =) 1
L) el
e wea
[+ D)
e
-y M) age 2 M [ ¥ I 1 v S R - [<R Y 1 B R N
s = RV IS L= o= e T osar e [ (=] - “ - - - - -
L2y g L - . B - n - . - - + - - ¥ L= [ T M I
[ [ N R [T IFH L= TEPT - R T = vy Oy IS I I
[~ YIS st - o us —
£ e
[ala]
v £=3 " L T I BRI N e R U W RN — ey SR Y Bl P T i <] DL WL =
Ta ki B e O Dp CSe LNy SR oo e oo VI e = i v - . e e
5 - Iy v e =l DX ) ey TR g = e . A - T S T opa ST
[ I r Lr s W1 L, T gey TR T LY s, s R r oo - g vl g [ A
~ I T " e e -0 —
i A1 e -
ur [ax]
e | i v m 4 gia L Rl o T R o o F | =y [ e BV ] 0o Oy
(& ] R Y B e Y g NI e X D L=y « £ 00 " - -~ "
= - Oy . n . ] - - . - . - . B e I3 wse L
Ity | SO 4y e T oam T m W o [ o . - 03 gy O 5
£in R = = o
fi e -
@) (&)

- e r — 0¥ ez D7 e K cm D 8 (g T o S e e ) . r [ R S S R
on N e ] [ - STt et U W R ] P ¥l e T N B T R e [oey . - a - =
hm - LFY oy . - - PR - = - - . - - - - - - - — [3.F I v
Qs 0 L. o uI L T - S e e <z P [ e
e b ra = % -— S oE e o —t — < =
& ST e —

a
- o

- = an [N R TT B SN LA 08 WU s SFoem ey = [ - s Y Y “r o =

= L S Lte e - B B S o B P P I - B - L= - - - T4 o . - -
- LA gy . i P R s P O . w9 O~ o S L I -y

-~ L Ue wm [ R R PR S = B U T S ) = O g Y oamy U ome Ly 3 WL R - - L =
= [P I ) — B -r I —
un [~ —
= 1)

- =

g
1 = L €Fd e, ooy BLE o= M L = — T e G o UYLl = N 7 & I T Qs s W2
vy P ) AIofry R £ D S o e e R oeme Ve am UM oo o DR S Y IE =l
e - Foag v e Mo zaiTialta = . . - P - - T v S Qg MBS -

m i I e T S S L o S B T ] e} P = = ~L R ot B Y L= P W = ¥ - - < gvy K0
— M EO e Ly — e 3 o e

L - —
= o

il
L)
= = e s o WD oy O g B B T B < L e S = R LY e - T e 7Y [ e )
e = [ IS L T ) n.__ Lhery = | mI Dl = T Lo e SR v B et B ek S L= u - - ﬂ“ g opry - - - -
B . g 2T e il S 4 e B Tooag IR TR LB M - fh oSS E e a3 B O
— ) J. .o Y e et gm WD g S LI voame Mo € rm D e O N (R N B A - . WY ey 3
] wm e -+ — o=, = =) <1 [~ —
= ek D -

_ﬁ o
s
i
L Pt [T Rr T T v RS o Y I T o L 4 B L -— S R L & & T TR e R S = I o ar v e W - Vid ooy O oL

=) [ A L3 IS = YL T = e L [P R 2 | P 4 N == TR < DRIy W -~ e = .

. - = - - - - - = . - . T T - - " - of - . - . - - (A I M e KD et T
£y [37] L o R o T o . T e T R = - Sl e maowloog * - SO vy ST G
Lo e s — = g e ~1 [ u7 - =
] e
e
=
[

Lo = €1y S — ey £FY el I3 L e i3 [T I S T S T T L6 SPUSER - e Sl Erd —-— =y Y1 [ TN R
[y} = = o2t [ o [R— L R el T s ] R e R & o S e & D N A ) L] - - [ = - - - -
= LF} g ¥ . = . - . - S - L] - - - 4 - - L - - B - Ty Rl o N o)
L2 = Lle .o [ e 0D s S ope LD - - LR = B — I T B - v o = - t — =
== ua Y4 ciy -— e =N cul S o L= o
B % s -
= Al
= [ard
[==1 [ B ]

< ~ o SER =¥
- oo . —— (SRS )
I [ L s [ R

L3 il = — SeoLa ke =
i [ SRR Lol . h=17} ) Sl e —— uroxy
Lo E A e s [ ©odony 94 oF ] [ ) Qe
[ B ov2om . o] oy B e [ @ n
T Lo U= e LT Y U A O e T s | L - | b 2 I T R =l — - s o [T B b L
L= RIS L e <@ a0 S W 220 37 G0 oo £F g =T e 0 oo b i) S Mo O o e [ L e [ L3 g




s
(8] = [T — T O TE e VE) el = e SRy AW gy O s OTF 3 45 = — T e s - O oo
(2] o e e O Sy v D e S S S g W L = gy f = - - .oy - - - -
- Fu . - . - - P - - . I S - - 4 - o - e = B0 pe. S o = oem
€« &y -0 ¥y = oy = [ " I PR o F R i e - - e =W - STV oy e 0y ™ - - 0 gy OO o
& = 0 — == &y P = s s = =T =
iF —
(]
1 . O g N e O o S u Som 0 gn 5T oy = - - g = o W L. B —
LR — e T ey e T . T =, e [T = - - " Vo, - . - .
oy O - - . - . - = - < =" = - i - . a a = = i O S e o g s
(o VI 3 ¢ i (g} WY gy e - i1y e s [T B o e - WY - 1o B
0o € " - - = o g —
— I o —
iry
“a
] i
i ‘ T ¥
3 [ 3 L L=
= b . =t L
E! e « — W S
L= = [ ot & [=
La x + . = o
P - - -+ b i T o 42 w @ 3 L Fe) — - g = I T
(= wri F g h T OEe L) 06 L Y Tm O pyg e G & TROES g B o L b P Pt s




iy u1 o vy 014 R T = B BT - ) —
e = o) « . A T - U
- Lf wa [ B W] I L ST P L Vi ) o -
] M. - [N =y® - - g
. P i —
= < Cre
= ¥
e
-
= = L e L e W R b I E=0 g
w1 <13 - - = - - - = - = - - - = - ad
= — L e T LS W TR B PR Y ST S B s B e -
(=8 a Ve L] - = =
= [ -
— e
ot €
"y i3 ST wle M [y T tma ST = d 3
o i . - - - .= . s = [3v]
w - o e - e By S = -
= -] 53 - A =
coa = e
4 0=
Xy
0
(371 = = = A U I L S N 2 T I = = ~i
2 R S R - -
- e R e R =CC =T AL & = =
e =] = s
= -
o
4]
- e wroun [ AN X T €U 0
-a - . S el - (3]
- b P e OV ey —a »
- =0 — - L=
e Pl ksl
- €r-
L (53]
- = = T v L vt D O e LT gy e pee i~ —
a3 e b= . R S S - [ar]
= T L B e L o T TP I S = o -
Y] o Le ru — - — = =
=8 [T -
(3% <€ o
L (5=
- cr= L e O gy T o W e LD O O e O i} Ll
=4 LI w g e D Blw TEUTTEA S w U e e T . (25}
b — CF o oag = g T o D e 3 ey SO oy - .
w =0 w3 ca = <
) = —
Ve o=
-] o
ed
- (o SO L T T .0 QR P B o R =t W [
o T e e a e e T emd TRl e e tom _. —a
O g S o TR o O e 1 o TR g o -
pal .. e =
—
= = [ R LR o TR o e IR o PR = = SR | [T [
o LU T T S M U
P i el B B = v R P S ] W .
uy B e s £ =y <
e -
e
- T3
m
[ - -
e = o U o S pe e oz O3 v o m
- =1 ua - - ] . = e . = - . by o
S L R PR e ] [y W= (4 -
— [P L= ] — -3 =
m e = s
= (=l
m ==}
=
w - - -
e L [Pl B el ¥ L= * BRI o - S ol o I =) - T
= ] 4 - - - - - - - - - - - - - [y}
- PRI [ B e = T R~ Rt} =1 .
[42] B A [ o e
Lad B —
(o] e
= (=]
Lt o <1 i L I - N N T (35} =
(¥l = . L 3 - » - A - - - - - - - - . ni
R T [ L=, 6T, D D e om = ogm L)y I = -
[Ra) 3] “r3 ced = =]
= Zal [ —
W or
ot on
e
=
= —— o
[ W . [
as | SRR -+
= [T FE ] fim
S b e = . — (&8
= 2 e S g el
= 3. WD 14 1 e g w 5 -
= L T TR N el T P B G SR O T T R . N O I~ >
= & ogEn (X owD Mo ke o #3231 WY m W3 )7 £ gy &Bn [ L=



Pemg] [ e L T o - M- S o I b B PR (W5 [Rw]
e T T T e P -
- ST g T e 0% =R va e O =y e 2=, IR o -
. L e/ e = <>
= 0y R —
=
<a

-

Lo e 3 O =% 3 0 oo B s U e O ) [
w =t s e e S T O . ==
= - — ST T ww v S (T S S 0D e — -
(=S U EH ul -— O - P L
w2 VI —

[~ or
[ o

—

(%] et ua A S Y3 iy uM [ N 'l (=
1- e IS - . s . . L ] E ~F
m - - e P & = T [ RN —— -
1= N = ¢ Y ua — - Py Fi
- £ g —
- s

[}
m
— B . B R I - R B e W o0 Oy g = = -

e FETE el o =, - - - - - - - - . . = u
5% FR e R OO e Sy = L= = TR e = .
= 3 L a3 1~ A w = T
B g g e
) X gr-

Pl o

- L= ey R R E R o W L L B+ I L VY 0 [a¥]

R el 4 = Ta e T - Te T L T - "]

«,/_. = Ul . L B et Y < TR o B e B S N I = 1 L]

L P ~0 —a vy - — Rl
=, RIS I -

e X e

[The] o
wr

Cr. I (A9 E} wmy =¥ @gp [ L B . [Ty
B S R on W T, M IS¥]
r= - LG B LR (e Y v v nER 10 -
w w4 Llo .y = bl fres] L]
[ [ W~ I -

(=5 <k Cr '
<L o2

- = —— L W S S T TR R e 3 u
1 s U.«._ [ - - - - - 2 - . - o .._ . - % -
{e - — g NI fw T R e BFY e L5 e | - [F w
At D ) ~a P I.‘m ) I

43 R -
= [ < T

S o P Wy 63 pe O g - k!

O D pre VDY g Db m CTF gm o oadt pig e e .
L P . - iy <
o
B e B = ¥ R BT » B TS SR ] . ¥
« U e T e Tl T D L R LMD . 2]
S g S oo S oy oo B T gy O “r -
- o L% — = =
NI D7 e 0 e W e W e Oud e WD u -
L = i BT i 5 CLy
41 ey T g S mme T A B UFF L. WDW T e
- L) - “ L~
e e o T Bt T SN IS AV (] 14 [xp]
- “ - = - - - - . = - - iy
[T I W R e R O T .
ey =
[ T B .o W s 1T g 3 =
"= L A =
(R o3 -
]
[
-
e
- (L8
a e
4 e @ G iy .
B = LU R G W - S ¢ B < T L Tt I 2ee
[ R R TR - R T2 St O B SIS T R ] i TH




e r e A Tl T T - PR I W L e R s
Eob= gy e P i S
. P e T e R e St A B S o B R N
[TV 2] [ —
- vy L e
= =F ir
wa fry
o
4+
e = Tl oge W om0 O g OO0 . T g = <3 or
o g e b T T . T T T . e L& e = =
O - O g o o Dm0 s O g R rif -
e ! ] (8] P =
. R =
=
o
i ¥ s = e W oIy T e (W onyy Y g S -y e
Hos z e ram B8 N A oS e ol Ea oty o . =
0 - = e g D oo oSS o) -
e £ [ - - =
. i~ —
-
L ¥ AV I T S Wy = =
& e p - " =3 . -
[ % =
¥y -
- W = S r 0O = M gy = v O O £ i
¥ i - - B - - EH - 2 - F] - e =
¥ -y — R = R . [ ¥ i e B o v
ey, FoW o r P = ="
y gy WIE g .
4 £ v
'y [ #5
. r — & W e oy - —i =¥ e v
L oy - - - - "y - - - - - .
W . =a L] = ] =3 - = (a3} = [ >
T ™ o i -— o F .
[ P t -
[ wr
or & w
. s gy 6DE gm e Sm B ey D L. w0 ey
o " o . - Te o« T s e e . e
" [ = T o = T2 e w9 o S0y b
£ Lo e
-t
i
2%}
- = SF] LT e S e e e O e ST o T oy e = R
i = iy DT T U T e e I O D ST =~ A | - =
« W2 o =< 11 = gma ISF g TR = O am T e S e o
= wis KT WLk =5 — = =l
- R S | —
[ o
o [ad]
4+
1
L. — T e e . B AN C U Tl ES [T
w0 b= oo i . - - = - = - - - - - - - .-
e 7 R WE gy S ey v e T L BT e T oy e e -
m (AR n r e = T
— g e ama
“Ioar
(WF)
- =4 mw U Ly BN e s g T o O pey AT ] u3
o= oh T e T S | - =
PR £ et P I T = — WL S — R RS TR L 1 -
R V) £ et - = =l
LN T =1
e s
[u=]
= cr o O3 = ) g U7 owa T 0y T y
IS B =
e [T Ge VU s R &y T g S o S ™
ira [ — -
[ o e
3 “L 4
L £
[
(] s ixy Y R e Gy 09 vy el L= w -1
o Oy = T e T . 3 b gl bw . . P2y}
. — I T e e i = = a=a -
L] o K8y L - s =)
it @y S e —
— o
== fa ]
2=
— e
e =%
i T} +
=S us o
- o e [=%
[ =z i g
b= i e @ e e e —
= - P Y 3 oy A g WA o T S =) .
(= - Mo e o CE by W g T3 g . o O - cE




=% - U e= O Ly T & W) o) €7 i 590 e NS = =1
< o= LTS iy Th peisih ot e gap il o L - o

N L B I B = T = = =R = R = o) -

= o0 e~ - = -

. P = -

[== [agd
W3 ko]
P
a—
s < W emn 2T .me — e oeZe BR1 o D L. tYE LT » ~F
n = - e T B A R T = - -
N - '3t U e Do v oo O s U g LS T2 - -
- - &0 .0 -1 ol v s =
= e R -
= o
L rm
e
i = o= L eme OV L T ez €VDm OF gy O g S (2] u
[ (=] r- = . " - - - . - . - - - - - (3 ¥]
1] - e il e T - et -
= o S oen s cu 1l - o =
o -“ SN = =
e -
o
w
i, = e ] Che @ Ud s OO om0 gm0 WY g Mo 62 L
- o o N - - - - . - - - - - - - —
ai _. P g T gy Do e E P g e e 0T >
%l [T I ) o PR =
- e
[y rr
o =,
- e e on OWoes TRz O e Y3 e W1 oo i =
e P S R - L e e -
— - R P AL T [RF] )

,Hl.. [ TR oy .L s . e v R
- e -
iy e
U (=]

- = 3 (e IS [ T B B - MY TS P B D=0 s
= =, o e - e el W T .. e T . a
= . e T g s o SR e 5 s D e S = o -
h T B L B =<3 -— 0 =0 =rd
s o — —t

[N [ 0

«L (= k]

- - U A oo U ogp s e O e = K g 3R Q- “a3
on fu b= o IR = = = e S e 4 -~
e . N M gy £ am e I T LD U g e Iy oLl -
) M b .o (&5 s =
a2 o BT~ =1
(13 <L r[r-

"o [uu}
-

. -2 o [ p= =% s &} g =F ey O ot ST o D (-1 o

i & = - e = T - L - o
-ty . M1 gy D0 en T D g WY e e Ty 43 0 .

- ™ W D = = = =

- o D e —
[ L= T
=1 o
ey
n
[ T (g ) gry <& p= [ i «T s O (= S £ = C =
e = = o~ L e E 5 mt TR y e - o =
i - W . — g T oENr St S e W T TS gy T o -
™ 04 b Ral — ~# L= =
iry - ke e e
&E fie

—_ e
u
bt
port =1 (a7 Tl o 3w = fu WY~ TG OO — ey
e o k= ¥ & e R CyianTTom T Seminime M= ST L ST . F-—A
= S S B . S Y e oo TR e ul e S g (U o0 -
_— ot Lo i ' — i - = ;
5 g 00 (= -
= <L 0
i =
)
i
s = _— E= o =7 .2 U sz O g O T S0 (g ¥ o

= k= T o Pt i e =S 5 —

- EA T LD e S g T o o =5 e -
w o Ll wlly £~ —r = =
[xv] - s -

[ “£ o

= o

e - = [= A S B S 3 T o W D S e VT oy e T £

by E= R il T a0 i owt g etad el et s Tas UL i b - .
R T R O g S e W O T g TP e S el - -

L] @ b ool W i = B

= ) LB - 3}

—— £ r

= o0

=

= I~

Cin - W . 3

3= [N - A =3 -

=i s T = S

s L - - s &=

i) N m =

— L LE ew va B R L "3 - =

] L TR = T ) o B P N~ I B S B SR v Ei

= e BT SO L S T VLRt = TR I = S e (= [=



—
e
ui
wit
[~
=
(S
[
o P
w -
= s
— FF]
L4
o
o =
= s
e Ll
=
U™ W
'S
i
s
=
= .
w r
[+ b
[
“L
- =
=21 e
[ -
W =1
&2 ("}
5
"
-
fes =
[l u'a
e [rs)
[
=
A
m
[,
el
e
L)
o
~—
n
()
=
A
——
)
1=
o
(=3
w
(2] e
=t
Ly (4]
Lu L
3
=
[= =
(28] =
L] =
< —
= al
=
=y
= -
Ci. =
3= [ 7 P
= uay
L e =
s | T s
= (=8
= - i
= -

uw

iy
o

(XY

-4

4.0

L’

a5
L

.,

ra
-

o

[Sr]

o]
'l

o

(¥}

[}

o

s

[

AT

]
3

iy

[t}
i

L
"

o
[3

1

ot

Iy

[

.

(I
Sad

Pl
v

.

oy

ol

3

(3]

-
- 1)
[L¥

>
[S T I
L
T
LR
" -J“
O gy
uTr g
-
(=t B
L= - o
=
—a
U e
= N ]
Ry
P
ul g
"I e
L e
P

.

{

=

vl

=
£ri

(3]
[4F]

-

=]
=

or
oy




pocihiem,

[

R o

u

«

— -

™

T

[

(55

(=S

<L

rin

[ .

o

L1

[

"

-1

5

e

—

0

ey

Ll

L

o

43

Bl

g

—y

o

12

-

Py

—

o

1=

i

=

i -~ - -

P2 e u [ B R S PR+ IR v B Y = el £ L
- o P R T S, vy D e M S ™ =

- - - . g 2 B R & R "y -

(4] ey J _...M = wl =r} = o= L)

(2] ~o &= -~

(%] o

o (==

[ & —

L = - o F g S T e UL am [a¥] <

Cry [ . T T e MRl . SED WIOED : -
. Ly R g 30 P - e S0 oD me o T gy O c= -

53] ) U o Ly " —4 - <

=4 A KT =

pu “L -

-4 =]

b .

= - o

[ . - [

e e e L D +

- ul -~ = T

= (SR e - . (%

= = T S m i

k- Gl T ra e G e . Ic s =

- - @ = e I B~ BT S LI WL = B S e T = S

(3] EICR A - FE T P P S R VT S o B U - 1] [ o



"W
pa T
e ) ..l(.
g
= a3
—
[
o
A
ol
1.1 .
-~ 5} P“
L 4C
p VoL
- e
= v =g
~— . ™
oyt 1w
/ s 4er CT3
L — oo U1
L r L
el o =
. & e
©a s o
- ' -
Lad w.-Uu LS o
L (3]
O
<L wgT T t S BB W e Y O e S e 22 Ea X e
€3 [ == PR B e Qe 2w
- T - - - - - ) O e S0 pry OO0 = e
- Y] '3 ez oo e S0 ) - . - . - - F2 g
e e as WY T e u SL
s w1 —
1] i L.
o et o
i e
('S Lry N e P ey 1° gL O o w50 P W
¥R e [} WY e KLY ey e . e W e Lad -
IE- [ - - “ - - .= - [2al wogra M g =2 v
. [hee] — 1 Do nE [ 1] [AN] - - - = Ll el
T B oy - - [ L [T
W oy oW wr &n e L
W L) el
T R I - B B o
[ = I B - . =2
WUy gm S P B o E I Y = R Sl L - gy e WY g S g s e B s
P e R S PR 4 Cel g e s [ e s B e 1T e £ -3 g .
e T me  ow, e D - - - - - . - eoevy B 3y S = O L2 £
WO e T Y <L [V SRSV~ = = L - T . oy
= C gy s g s W o =2 [ S --CRP v | usr L.
(L IR I B o B Vi BRI PN —_ -
e | £y -
s WD (o S o L
42 e =5 o
5 L1 vt e =t @ T o= WD g3 € oo A% ez WD g S e e 1T
I a3z X [ar I P R S ) LIS R T B L =L
P TR TR PR TR~ - - = - - - - = 3 vy 0 S5y S ogu L A e ]
L P 3z M gy m D .. = = b W s w .- T TR T W oy
= = O .5 O & o T U=l e e e U= [ ) — = T
M o £ [ e
L —- U gy T vid L [
Lid M L) o 'l L [T Syl o
- =D -t
o oo Y o owm =X 1z
s T
ma e RS - =d 01
B o P £y & =) <1 <E L 1D
" 4 & Do O e il (R = — L g
= LN Yoo T R R R 11 "y Sow R = B SEPT VI 'RTYRN 5 PR T~ PO~ - e
n....!..» —a [Sa-r (4o S R T R ¥ I = W e e g 3. L3 A% ses beomT L) oZm (e €3 mn
& (*¥]




T
=
il
Ve
I
“l
=
L
w
g
"
]
)
w
i
“
473 —
_._ .
- “r
L =
o e ori
[ -
a e 20}
et - -
o L
W o
(23}
Ve
ry
Wy
1 | [N=]
- . e iy CEV e et aes 93w 11 1 L B SO PR
L1 “ra R = = " = T wa bLD [QN] re oy Wy oA Lid . .
Lad - - L - ] - . pl - kL - ' - - P . T s 1 1 i
[ = =rotd = el R R L O T L~ LS IFI  TR R U | [ o L
[ I e f [ = . '~
i3 ny | H o
e | 1 [
b “ ) iry
bl i 3 = b - C - i
" e . T S TL Y (7] [T = | ey = wz B Gid . G oo u't w ' 1
(&3] P u’ o Fn.., L= - . o u ”." LiN] L3} e [ T o = . “ < P 1 ; .nb‘ - -
" o - - t = . . - L . b - e =. e " oo e ey -]
; ey 4 5 - . - o ! ! = ' ! - - . . e €
= e o8 LT 3 1 - ] = e L4 (o I ¥ or . - . P - "
- E. £y W H. "—-_ o ' (4] ] L L =] O am A S T g Lo o —-.._
- 1 oy ' 1 =
] | ! ¥ ==
e g '
— i 1 [ ki 1.
Kr ! ¥ = i
- = 1 . i S P
=3 "l T ¥ el [ — .
= o — e ] oo P &
=i T (LT LT I e e | (= | o “ — | %-u . ey
= . . 3 g KN o S o B e 80 iy &3 ang E M = Vg | e Ly s * P o
-4 e} -: e L W R LTI £re F aa W gy KU oy 0 D &3 — & [T = e i T, = o g ¥ [= — - e e -5. m.._
= = o T . J e ja, F= - 04 oF b ZE e 3 R L WP L B3 = oy e g = = W P oy LY o= e g, o3s P o= B oze e oo i oen €




QUTOKUMPU MINING SERVICES APPENDIX 7
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APPENDIX 7. CalLCULATION OF NORMATIVE MINERAL COMPOSITION

Fallowing procedure have been used to calculate the normative
mineral composition for the samples fram Bidjovagge Cu-Au ore.
Results are given in Appendices 1f, 2f, 3f, 4f and Sf. Calculation
LOTUS 1-2-3 worksheet has been saved in enclosed discette (Appendix
8, file CALC.WK1)

1.} Analyses as weigh percentages

c.) Weight percentages converted to one-ion percentages (Section
3)

3.) Following compasitions of minerals were used in calculations

- analysed (Appendix &6): amphibole, scapolite, pyrite,
pyrrhotite
- stolchiometric: quartz, cdolomite, albite, rutile,
phlogopite,

chalcopyrite, apatite,

4.,y Calculation proceeded in the following way
Cu -> ¢cp tall Cu was assumed to be bound
inn chalcopyrite)
P -2 apa
C1l —-> sca
K -> phl
Ti -> ru
c if CarblInd > 100 -> grf

if CarbInd < 100 ->» dol
Ca—-Cal(scal)-Caldol)-Calapa)
-» af {(excess Ca in amphibole)?

S-S{cp) -> Fe-sulfide —-2> gy, po
pyrite/pyrrhotite ratic was estimated on the basis of Co/Ni ratic in
sample.

According to microprobe determinations and calculations after
selective dissolutions it was estimated that

Co/Ni in pyrite = 2.9
in pyrrhotite = 0.38
Si-Si(af)-Silab)-Sil{scal)-Si(phl)-5i(chl)
-> qtz
100-aothers -> chl
S.) Equatians were solwved by Lotus 1-2-3 iteration.
&.) Some problems arose with the samples
- high in K
— high in C

- fram E ore
- fram K ore

TJotals were too high (> 110). Amphibole content was set the
way that sum = 100, and after that egquatiaons were
recalculated by i1teration
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Calculation is quite reliable for chalcopyrite, scapolite,
phlogopite and albite. Major errors comes from

- the assumption that dolamite is the only carbonate

- the variations in the composition of amphibole

-~ the variations in the compositian of other minerals
Because amphibole, guartz and chlorite were calculted from the
excess caoncentrations 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 compositiaon. It points,
however, some variatioms in the compgsition of samples better than
elements only. )

T



