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Summary 
 
 
The Taivaljärvi Project in eastern Finland, owned by Silver Resources Oy, has 
reached a phase where chances for an economic Ag-Zn-Pb-Au deposit are obvious. 
Basic exploration mapping and drilling from the surface and advanced exploration 
mapping and drilling from a mine decline, excavated to the depth of 325 m, have 
been done as well as basic metallurgical testing. Grade distribution has been 
modelled by several geologists using different methods and obtaining very similar 
results as to indicated mineral resources.  

 
The deposit is hosted by siliceous quartz porphyritic rocks belonging to the 
metamorphosed and chemically altered volcaniclastic rocks of the stratigraphic 
Koivumäki Formation which is the lowermost part of the Tipasjärvi Section of the 
Suomussalmi-Kuhmo Greenstone Belt. The deposit outcrop is 400 m long and from 
5 to 110 m and on an average 40 m wide. The deposit is roughly lens shaped 
dipping steeply to the southeast, it plunges steeply to south-southwest, and it 
extends to a depth of at least 500 m. The mineralized section is heterogeneous with 
a banded structure and apparently scattered enrichments of silver, zinc, lead, copper 
and manganese minerals. Both VHMS-model and epithermal model for the 
Taivaljärvi deposit genesis has been proposed. 

 
During 1981-91 altogether 335 diamond drill holes (47 000 m) were drilled of which 
156 from the 2569 m long mine decline. 8580 drill core samples, averaging 1.8 m in 
length, were assayed for Ag, Cu, Pb, and Zn. Of them 3201 were assayed for gold.  
Outokumpu Oy studied process mineralogy and VTT run metallurgical tests of 
Taivaljärvi ore types in the 1985-90. According to the metallurgical tests standard 
flotation techniques produce a satisfactory silver-lead concentrate and a separate 
zinc concentrate. 
 
Two independently done 43-101 Mineral Resource Estimates 2007-2010 show that 
the Taivaljärvi deposit contains Indicated Resource of 1.2 – 1.3 Mt with grades of 
silver 150 g/t, of zinc 0.9 %, of lead 0.5 %., and of Manganese 0.2 %. In addition, the 
deposit contains gold an uncertain amount, possibly 0.5 g/t. The necessary specified 
resource estimate for a reliable feasibility study can be obtained after the deposit 
information has been ensured and developed and after an extensive drilling program 
has been run and interpreted.  
 
Table S. 
Taivaljärvi Mineral Resource 2010
Cut off grade 80 g/t Ag Density 2.8
Classification T.Tons Silver g/t Silver g/t Zinc % Lead % Manganese %

No upper cut off Upper cut off 550
Indicated Resource 1 736 000 180 157 0.95 0.56 0.24
Indicated Resource 2 590 000 152 140 0.88 0.46 0.24
Total 1 324 000 167 149 0.92 0.51 0.24

 
"Exploration Mineral Resource", cut off grade 30 g/t Ag, density 2.8:  
Inferred Resource 13 Mt 65 0.5 0.2 0.2  
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.1 Introduction 
 
 
This report was prepared for Silver Resources Oy in order to up-date, compare, and 
summarize the early work by Tuokko (1991), the modern work done according to the 
Ni 43-101 Guidelines by Markku Lappalainen (2007) and the non-guided reports by 
myself (Parkkinen, 2009) in a way that fulfils international standards. Started in 
January and finalized in April 2010 this report aims at following the Form NI 43-101 
coding. 

 
The sources of information and data are the archives of Silver Resources Oy. They 
contain the reports and data storages of former holders of the Property, Taivalhopea 
JV and Kajaani Oy which were partly audited by Lappalainen (2007) and now by me.  
A part of original drill cores have been stored in the GTK storage at Loppi, Finland. 
No relogging has been done since the above companies. Lappalainen (2007) 
prepared a limited QC/QA program comprising the results of historical analytical 
methods. He also compiled a geological (Microsoft Access) database of old drilling 
information. 
 
I have visited the site, though not the mine decline and I have done no field work at 
the site. 
 
 

 
2  Reliance on Other Experts 

 
 
Documents used and referenced in the preparation of this report are listed under the 
Chapter 21, References. The earlier work done by Lappalainen (2007) has been 
relied and cited in several chapters marked like (“from Lappalainen, 2007”). 
Lappalainen’s work was the first reporting of the Taivaljärvi mineral resources in 
accordance with the NI 43-101. On regional geology the work by Papunen et al. 
(1991, 2009) has been relied and also cited.  

 
  

3 Property Description and Location  
 
 
The Taivaljärvi Property covers an area of 530 hectares. It is located in eastern 
Finland, in the municipality of Sotkamo, approximately 475 kilometres NE from 
Helsinki, the capital of Finland. Finnish national grid coordinates define the deposit's 
approximate location at E 4453 500 N 7093 600, and it is located on map sheet 4322 
12. Latitude and longitude for the deposit are 63°5 6'18.35"N and 29°2'54.96"E. 
Elevation is approximately 220 m above the sea level and the area is smoothly 
undulating terrain, dominated by forest, bogs and shallow lakes. 
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Figures 1A-B. 
A. Location of the Taivaljärvi deposit site on the satellite image of North Europe, Finland (left). 
B. Location of the Taivaljärvi deposit on the geolo gical map of Finland (right), (Silver 
Resources). 
 

Table 1.  
Land Tenure, Silver Resources Oy  
Claim id  Area ha   Expires  
8199/1  36.75   05.21.12   
8199/2  99.12   05.21.12   
8194/1  99.03   05.21.12   
8199/3  99.71   05.21.12   
8199/4  99.94   05.21.12   
8199/5   94.42   05.21.12   

�
The property boundaries (Fig. 2) were located by LVT (Lapland Water Research 
Ltd),  
 
In 2006, Silver Resources initiated an environmental base line study (Chapter 20). 
The study was conducted by Pöyry Environment (Pöyry Environment, 2006, 2008). 
At this stage, the environmental base line study did not reveal any issues, which 
could endanger possible mine ����������	
��
	��

��
� 

 
According to Finnish Mining Law, the claim (exploration licence) is valid for a 
five (5) year period, and it can be further extended for a three-year period. A 
claim (an exploration licence) entitles the holder (individual or company) to 
carry out exploration activities in the claim area with or without the consent of 
the landowner. The claimant must, however, compensate the landowner in full 
for any permanent or temporary damage or inconvenience caused by the 
exploration activities inside or outside the claim area. The claimant shall also 
act in compliance with environmental legislation and other laws and regulations. 
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Figure 2. 

 Taivaljärvi project mining concession claims and c onstruction plans.  
 
 
 
 
4 Accessibility, Climate, Local Resources, Infrastr ucture, and 

Physiography 
 

 
The area is a smoothly undulating terrain, dominated by forest, bogs and shallow 
lakes. Seasonal temperature varies strongly, as well as the length of the 
daylight hours. Coldest month is February (average temperature around -9 
Celcius and warmest is July (average temperature is around 16 degrees Celcius). 
Winter usually starts in late October, when the first snow falls, and generally the 
snow cover thaws in late April or early May. Thickness of snow cover can reach up 
to 130 cm in mid winter (February). Shortest daylight hours are in December, 
approximately 5 hours of daylight, and from April to the beginning of September, the 
daylight hours are over 12. 
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Access to the Taivaljärvi site is good. Paved road extends nearly all the way from 
road 76, which interconnects nearest towns of Sotkamo and Kuhmo. Final 12 
kilometres are gravel surface road with some weight restrictions for heavy 
equipment in spring time. 
 
Nearest access to railroad is in Sotkamo town, approximate 40 kilometres WNW 
from the Taivaljärvi deposit. Power line substation (20 kV) is approximately one 
kilometre NE from the site and the distance to a 110 kV power substation is 
approximately 25 kilometres. Nearest commercial airport is in Kajaani (IATA code 
KAJ) approximately 85kilometres WNW from the site. Nearest town is Kuhmo, which 
is approximately 30 km NE from the Taivaljärvi site. 
 
 
 

5 History 
 
 
The tracing by University of Oulu students of Ag-Zn-Pb-Au anomalous glacial 
boulders led to the sampling by percussion drilling of the bedrock-till interface by 
Kajaani Oy in 1980. The potential site, located by percussion drilling, was studied by 
diamond drilling and the first mineralisation intersection occurred in spring 1981. 
 
Kajaani Oy conducted a systematic drilling campaign during 1981-89. In 1988 
Kajaani Oy formed a joint venture with Outokumpu Oy to form Taivalhopea JV. In 
1989 Kajaani Oy was merged to Yhtyneet Paperitehtaat Oy who then run 
Taivalhopea JV. Taivalhopea JV applied for a mining concession which was granted 
in 1990.  
 
During 1989-91 Taivalhopea JV drove 2569 meters of mine decline to a depth of 325 
m to access the mineralisation and to enable underground drilling. A 57 m long cross 
cut to level +200 (depth -150 m) was added as well as a 86 m long access tunnel to 
the ventilation shaft from level +325 (-275 m) to the surface. About 2000 to 3000 
tonnes of mineralised rock was moved to the surface and stored in piles classified 
according to their underground location. During the Kajaani-Taivalhopea exploration 
phase 1980-91 altogether 335 diamond drill holes (46 000 m) were drilled of which 
156 from the mine tunnel. 
 
Mineralogical and process tests were conducted from drill core material by 
Outokumpu Oy in 1985 and the Technical Centre of Finland (VTT) in1989. According 
to the reports, standard flotation techniques produce a satisfactory silver-lead 
concentrate and a separate zinc concentrate.  
 
During 1988-1990 Taivalhopea committed test mining of 0.01 Mt of high grade 
mineralised rock (1400 g/t Ag). In 1991 Taivalhopea compiled a mineral resource 
report and Outokumpu Mining Services conducted a technical underground mine 
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construction study followed by a series of a feasibility studies  of the Taivaljärvi Ag-
Zn-Au-Pb deposit. Results were negative due to low metal pricing.  
 
The Taivalhopea JV concession expired in 2005. The same year Arkkitehti- ja 
ympäristösuunnittelu Hentilä & Lindborg Oy made a claim reservation over the 
Taivaljärvi deposit. The reservation expired in 2006. In June 2006 Silver Resources 
Oy claimed the area covering the deposit, its surroundings and some further 
potential exploration area. 
 
The first NI 43-101-compliant mineral resource estimate was completed in 2007. 
 
Silver Resources Oy has filed on the 2nd of March 2009 the official documents 
regarding the application of a Mining Concession Permit for the Taivaljärvi Ag-Zn-Pb-
Au-deposit at The Ministry of Employment and The Economy. Silver Resources 
expects the Mining Concession Permit to be approved possibly already during 2010. 
 
Table 2. 
Historical estimates of total mineral resources 198 4-1991. Agek means silver equivalence 
according to the formula Agek = Ag g/t + 31* Zn % + 30* Pb % + 60* Au g/t (Tuokko, 1991). 

 
 
Above history was compiled from Tuokko (1991), Lappalainen (2007), Eilu (2000), 
and Silver Resources Oy. The discussion of modern mineral resource estimates will 
be carried in chapter 16. 
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6  Geological Setting 
 

6.1  Regional Geology 


The following description is edited from Papunen et a. (2009). To help reading I list 
the key stratigraphic units in descending order: 
Tipasjärvi-Kuhmo-Suomussalmi Greenstone Complex (TKS) 
> Tipasjärvi greenstone belt   
>> Koivumäki Formation  
>>> Taivaljärvi Ag-Zn-Pb occurrence. 
 
The structure of the Archaean Kuhmo greenstone belt, which forms the central 
portion of the Tipasjärvi-Kuhmo-Suomussalmi (TKS) greenstone complex in eastern 
Finland, is a regional scale, northerly trending synclinorium. It was deformed and 
metamorphosed during several phases of deformation, youngest of which was dated 
as Proterozoic. Migmatized banded amphibolites, originally Fe-tholeiitic in 
composition, and intermediate and felsic volcanic rocks are interpreted as the oldest 
preserved supracrustal rock units, and are between 3100-2900 Ma in age. They are 
trans-sected by and occur as enclaves within felsic and intermediate tonalite-
trondhjemite-granodiorite (TTG) intrusions, which were deformed and 
metamorphosed during the D2/M2 event at 2843±18 Ma, when the U-Pb isotope 
systematics of the TTG complex were homogenized. The lowermost stratigraphic 
unit of the TKS greenstone complex proper is composed of felsic to intermediate 
volcanic rocks, which have yielded zircon ages between 2810 and 2790 Ma. 
Tholeiitic basalts overlie this calc-alkalic felsic-mafic unit, and predate komatiitic 
lavas. Tholeiitic basalts commonly display pillow structures and thin interlayers of 
Algoma-type banded iron formations (BIF). Mafic cumulates related to the tholeiitic 
eruptive rocks occur as sills and interlayers, of which the Moisiovaara mafic sill has 
been dated to 2790±18 Ma. Komatiitic lavas are common in all greenstone belts, but 
the units are relatively thin.  
 
Although apparent evidences, such as depositional contacts are lacking, the general 
stratigraphic evolution and age relationships with surrounding TTG complex, as well 
as felsic enclaves in ultramafic volcanic rocks and contamination of the ultramafic 
rocks by siliceous material indicate that the greenstone belt deposited on a felsic 
substrate and Papunen et al. argue that it formed in an intracontinental rift system. 


Felsic-dominated volcanic rocks are more abundant in the Tipasjärvi greenstone belt 
than elsewhere in the TKS greenstone complex, where they occur only as isolated 
occurrences at both the eastern and western margins of the complex. The felsic to 
intermediate calc-alkalic volcanic rocks form the lowermost unit of the Tipasjärvi 
greenstone sequence and are defined as the 2790±3 Ma old unit (Vaasjoki 1999) 
Koivumäki Formation.  
 
The rocks of the Koivumäki Formation are either massive quartz-porphyries or more 
commonly volcanic breccias, and layered tuffs and tuffites indicating shallow water or 
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subaerial eruption (Taipale 1983). The Taivaljärvi Ag-Zn-Pb occurrence is located in 
the middle of the felsic succession where a number of quartz veins characterize the 
ore zone. The deposit was divided into four ore bodies with different base and 
precious metal ratios and the ore bodies are roughly parallel to primary stratigraphic 
layering. Geochemistry and mineralogy of the host rocks indicate potassic and 
magnesian hydrothermal alteration. An extensive quartz-kyanite rock layer is present 
some 100 meters stratigraphically above the mineralized zone. The felsic rocks 
between the deposit and the layer of quartz-kyanite rock are K-Mg altered, whereas 
no alteration has been found stratigraphically above the quartz-kyanite rock. The 
kyanite-quartz rock is interpreted as the metamorphic equivalent of an intensely 
leached cap-rock developed in an epithermal hydrothermal system (Papunen et al. 
1989). The basal contact of the Koivumäki Formation with the underlying TTG 
gneisses is not exposed in outcrop, but drilling reveals that the felsic succession is 
underlain by homogeneous felsic porphyry which grades transitionally into TTG 
granitoid? Higher up in the succession alternating layers of mafic and felsic tuffs 
(Taipale 1983) indicate that mafic eruptions occurred contemporaneously with felsic 
volcanism. 
 
 
 
 
 

 
 
Figure 3. 
Geological map of the Taivaljärvi Region, modified by Eilu (2000) after Papunen et al. (1989). 
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6.2  Property Geology 
 

 
According to Papunen et al. (1989) ”���
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���� ” with quartz, muscovite, biotite, chlorite +- garnet as main 
minerals (Fig.4 left).  Further,”	��
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According to Luukkonen (1988) the first and main deformation phase D3 produced 
sub vertical folds with a sub horizontal axis trending southwest (in the local 
coordinate system trending south ). Further, the belt shows D3 and D4 
interference structures and the axial plane of D4 trends northwest (west ). 

 
According to Papunen et al. (1989) the ore body is lens shaped, dips 65 degrees to 
southeast (east) , plunges 60 degrees to south-southwest (southeast-south), and 
extends to a depth of at least 500 m. The mineralized section is composed of several 
layers and named from the footwall upward the D, C, B and A ores (Fig. 4 right). 
These layers (or”ores” or”ore bodies”) have specific compositions and metal ratios 
summarized in the box of Fig.4. The layers vary laterally in thickness and locally join 
up with the neighbouring layers. The interlayers are not totally barren.  Abundant 
carbonate minerals characterize the ore zone”. 
 

 
 
Figure 4. 
Stratigraphy column of the Koivumäki Formation (lef t) and a longitudinal section through 
the Taivaljärvi deposit (right) with layers A-D (le ft) modelled as ”ore bodies” with 
respective average grades (right); after Papunen et  al. (1989). 
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Figure  5. 
Taivaljärvi Surface Plan, modified by Eilu (2000) a fter Papunen et al. (1989). 
 
Footwall of the deposit consists of a150 wide zone with mineral assemblage quartz-
sericite-biotite with bands rich in garnet, tremolite, ankerite sulphides, accessory 
minerals are chlorite, epidote, cordierite, and rutile. Hanging wall contains quartz-
sericite with minor cordierite and Fe sulphides, and accessory sphalerite and galena; 
from unaltered rock towards ore: plagioclase is replaced by K feldspar and sericite, 
and then also the K feldspar disappears. (Eilu, 2000). 
 
In addition, a 5–25 m thick bed of kyanite-quartz±sillimanite rock is present 80–90 m 
above the ore suggesting, originally, argillic or advanced argillic alteration of a 
primary cap rock. Presence of cordierite-rich rocks indicates probably intense 
chloritisation during alteration in these zones. Multiple deformation and pervasive 
recrystallisation, but no significant remobilisation of ore metals into the wall rocks 
(Eilu, 2000). 
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Figure  6. 
Taivaljärvi geological sections A’ (Y=11520) and B’  (Y=11220) modified by Eilu (2000) after 
Papunen (1989). 
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7  Deposit Types 
 


!�������"
	�
#���
$%���& 
alteration and mineralisation in felsic volcanic rocks under 
epithermal conditions associated with felsic, explo sive volcanism . 
Mineralisation took place with repeated onset of hydrothermal activity after each 
explosive-volcanic event, at the margins of a caldera. Supported, e.g., by the 
dominance of the fragmentary nature of the felsic volcanic rocks, and by the 
presence of the kyanite-rich rocks which probably are metamorphic derivates of 
argillic or advanced argillic alteration zones produced by near-surface boiling of the 
hydrothermal fluid. Also the Pb-isotope data supports the syngenetic hypothesis. The 
Ag mineralisation is related to syngenetic quartz-vein networks.  
 
An alternative genetic type proposed by Kopperoinen & Tuokko (1988) is volcanic-
hosted massive sulfide (VHMS) deposits . This view is supported by Papunen et 
al. (1989, 2009) who point that “The deposit was divided into four ore bodies with 
different base and precious metal ratios and the ore bodies are roughly parallel to 
primary stratigraphic layering. Geochemistry and mineralogy of the host rocks 
indicate potassic and magnesian hydrothermal alteration. (Papunen et al. 2009). 
 
Both banding and the observed incongruities may be a result of intensive shear and 
tight folding with pinch and swell structures and re-mobilization. Therefore, a 
structural analysis should be done to estimate the effects of deformation on the 
deposit, e.g. folding and foliation/cleavage. First the possibly complex deposit 
structure has been opened, the possibility of finding or not-finding primary 
stratigraphic layering can be stated with some certainty.  
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8  Mineralization (from Lappalainen, 2007) 
 
 
The Ag-Zn-Au-Pb mineralization is hosted in series of elongated SW plunging bodies 
in banded quartz-sericite-biotite schist with poor to moderate pyrite dissemination. 
Mineralized bodies are generally dipping towards south east at approximately 60 
degree angle, in a similar way as observed in compositional banding. Mineralized 
horizon has a strike length of some hundreds of meters in NE-SW direction, and it 
includes several separate higher-grade bodies. The mineralized sequence is 
approximately 100 meters wide, and consists of several narrow, few meters wide, 
bands where silver is elevated to over 50 ppm. Also sphalerite and galena are 
distinctive to the main mineralization. Towards east, or the interpreted hanging wall 
side, the contact of the mineralization is sharp, although visually rocks look quite 
similar as in the mineralized zone. The most distinctive difference compared to the 
mineralized zone is the lack of quartz and quartz-ankerite veins in the barren zone. 
According to Kopperoinen & Tuokko (1984), the host of the Ag-Zn-Au-Pb 
mineralization is quartz-sericite schist with quartz phenocrysts. Pyrite is the most 
common sulphide and can be found as disseminations and thin bands throughout of 
the strata. Silver bearing minerals (pyrargyrite and freibergite) are associated with 
sulfidic quartz and quartz-ankerite veins that cross cut the main orientation of the 
observed banding. Kopperoinen and Tuokko (1984) and Sotka (1985) divided the 
mineralization into three types: Silver mineralization, zinc-lead-silver mineralization 
and low-grade footwall mineralization. Quartz-sericite schist hosts silver 
mineralization with abundant sulphide bearing quartz and quartz-ankerite veins and 
pyrite dissemination. Major portion of galena and silver bearing minerals are actually 
concentrated to vein material, where they occur in carbonate grains, and to the grain 
boundaries of quartz and carbonate. The grain size of galena and silver bearing 
minerals is usually below 100 micrometers. According to previous mineralogical 
studies (Häkli & Sotka, 1985), the major silver-carrying minerals are dyscrasite 
(Ag3Sb) and freibergite (Ag,Cu,Fe)12(Sb,As)4S13), and only minor portion of the 
silver is bound to pyrargyrite and native silver. Chalcopyrite is a common accessory 
mineral. Dissemination in host rock and outside of the veins is dominated by pyrite 
and, in lesser extent, by sphalerite, arsenopyrite and pyrrhotite. The total sulphide 
content in silver mineralization type is around 7% and it mostly comprises pyrite. 
 
The Ag-Zn-Pb-Au mineralization type has a total sulphide content of approximately 
15%, and the major sulphides are sphalerite, galena and pyrite. Again, host rock for 
this type is quartz-sericite schist with vein material. Difference to previous type is a 
higher overall sulphide content and, especially, a higher galena content, which also 
holds larger proportion of silver than the pure silver mineralization. The historic report 
[12] estimates that approximately 10% of silver content is bound to galena, whereas 
2% is in silver mineralization type. Again, dyscrasite and freibergite are the main 
silver-carrying phases occurring as inclusions in galena, or in between galena and 
other sulphides. The low-grade footwall mineralization is low sulphide type, 
containing less than 5% sulphides, where the average silver grade is reported to be 
below 40 ppm. 
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9  Exploration 

 
 
After the initial discovery of the deposit in 1980, Kajaani Oy continued systematic 
exploration over the area. Following description (9.1 and 9.2) is based on the 
historical reports retrieved from various sources. 
 

9.1  Geophysical Surveys (from Lappalainen, 2007) 
 
Main geophysical methods applied in exploration were electro-magnetic, Turam, 
Slingram and VLF-R. Ground magnetic and gravimetric surveys cover most of the 
area of interest. According to previous reports, the best electromagnetic response is 
from barren pyrite dominated horizons and the mineralization itself gives only vague 
and ambiguous response to all geophysical methods. Most usable geophysical 
method is reported to be mise-la-masse method to connect sulphide bearing 
mineralized units from drill hole to drill hole and IP. 
 
Aerogeophysical low-altitude survey was conducted in 1981 by GTK. This survey 
included magnetic and frequency domain electromagnetic survey together with 
radiometric survey, and was flown with 200-meter line spacing. Detailed survey 
specifications are available at http://www.gsf.fi/aerogeo/index.htm .  
A new airborne survey by GTK was conducted in 2005, and it applied 50-meter line 
spacing and flight altitude of 30 meters, covering the whole Tipasjärvi greenstone 
belt.  
 
 

9.2  Geochemical Surveys (from Lappalainen, 2007)  
 
Geochemical surveys have been conducted in the immediate surroundings of the 
deposit and its strike extensions. Main method was percussion drill sampling, which 
retrieves small chip samples from the bedrock surface under the till coverage. Main 
sampling profiles were between 40 and 100 meters apart, and the distance between 
points on a line varied from 10 meters to 40 meters. Sampling profiles were oriented 
perpendicular to the main strike. According to historical reports (Kopperoinen, 1984), 
silver and lead anomalism in samples reveals the position of the current deposit 
accurately. 
 

 
9.3 Additional information 

 
During 1989-91 the Property surface and the Mine decline was surveyed, structural 
observations were collected, plenty of samples were collected, and local detailed 
geological mapping was done. These data have been handled by experts (Papunen 
et al. 2009) but not handled in relation to the deposit assays.  
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10   Drilling (from Lappalainen, 2007) 

 
 
The previous holder of the property has conducted all diamond drilling campaigns. 
Some of the core is available at the National core deposit operated by Geological 
Survey of Finland. The author has not reviewed the core, but relies on historical 
reports prepared by Kajaani Oy and Taivalhopea JV.  
 
Exploration diamond drilling undertaken by Kajaani Oy included 183 surface 
diamond drill holes for a total of 35 223 meters. This amount also includes regional 
exploration holes, which do not intersect the Taivaljärvi deposit. Deepest surface 
diamond drill hole is R-126, which is 750 meters long with –81 degrees’ dip. The hole 
penetrates to the depth of 622 meters below the surface. 
 
The second phase of drilling conducted by Taivalhopea JV comprised 156 drill holes 
for a total length of 11 906 meters. All 156 holes were drilled from underground with 
mainly east azimuth and various inclinations (between -49.1 degrees and 75 
degrees). All underground drill holes were drilled with ONRAM 1000 equipment 
owned by the operator. Core drilled during this campaign was T46, producing a 32-
millimetre core in diameter. 
 
Additional remark by Parkkinen: In archived drilling reports equipment type was 
coded in a manner not easy to open. The first 25 surface holes were drilled by a light 
Prosper equipment coded “P”. Of other equipment codes “L” (24 holes) and “XC” (63 
holes) have remained a mystery. Onram (coded “O”) was used for 227 holes.  



 
 
10.1 Drilling grid  

 
All drilling was executed and positioned in local coordinate grid system. Local 
coordinate grid is based on a grid established in 1978 on map sheet 4322 08 by 
Kajaani Oy. This grid was extended to the Taivaljärvi area. In local coordinate 
(mine grid) grid, +50 refers to ground level at the Taivaljärvi site. Local grid is 
rotated 45.65 degrees towards east from Finnish National Zone 4 grid. Table 3 
shows the local grid in relation to Finnish National Grid Zone 4 coordinates. 
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Figure  7. 
Horizontal projection of Taivaljärvi surface drill holes 
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Table 3. 
Local grid reference (Lappalainen, 2007)  Table 2 Local grid reference (Lappalainen, 2007)  
Point_id NORTHING EASTING Local elevation Local northin g Local easting Note

1 7094349,61 4453136,59 199,35 11586,26 4008,07 Tipas survey grid
2 7094261,11 4452479,24 0,00 11054,36 3611,81 Tipas survey grid
3 7093591,44 4452357,42 205,27 10499,10 4005,50 Tipas survey grid
4 7093397,16 4452596,29 205,24 10534,08 4311,40 Tipas survey grid
5 7093256,82 4452876,06 212,28 10636,03 4607,33 Tipas survey grid
6 7093335,52 4453098,95 206,96 10850,41 4706,87 Tipas survey grid
7 7093930,06 4453693,97 0,00 11691,51 4697,71 Tipas survey grid
23 7093530,43 4452406,05 210,45 10491,22 4083,11 Tipas survey grid
25 7093324,20 4452889,83 211,30 10692,97 4568,77 Tipas survey grid
26 7093293,80 4453177,17 205,30 10877,18 4791,38 Tipas survey grid
27 7093781,18 4453894,16 0,00 11730,58 4944,12 Tipas survey grid
KP2 7093323,13 4452889,66 211,38 10692,11 4569,42 Tipas survey grid
KP4 7093292,59 4453208,76 205,24 10898,93 4814,34 Tipas survey grid
KP3 7093294,52 4453175,46 205,27 10876,46 4789,67 Tipas survey grid
AP1 7093185,25 4452918,75 0,00 10616,52 4688,35 Tipas survey grid  


It is recommended that the locations of all surface holes found on the Taivaljärvi site 
be checked by at least with a hand held GPS. Moreover, it is strongly recommended 
that the validity of the mine coordinate system be reviewed as soon as possible. 
 
 

10.2  Down hole Surveying 
 
Only five surface holes have been surveyed with a Maxibor instrument for deviation 
and inclination. For the rest of the surface holes, an average deviation formula is 
applied. The author considers that applying an average deviation formula for the long 
surface holes introduces a significant source of error, when deep surface holes are 
used for modelling purposes. To avoid this, the deep surface holes are used to 
model only the surface portion and the so called deep extensions of the 
mineralization.  
 
Only ten underground holes have been surveyed for deviation. However, the 
average length of underground holes is around 76 meters and, based on experience 
with similar conditions, the author considers that the location error of samples is 
insignificant due to the shortness of the holes. Short underground holes are used to 
model the central underground part of the mineralization. 
 
 

10.3 Core Recovery 
 
Core recovery data is not recorded separately, but historical reports indicate 
generally that the overall core recovery was excellent. On the basis of experience 
with similar rocks, the author considers that core recovery is not an issue affecting 
the resource modelling and estimation. 
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10.4  Drilling Pattern and Density 
 
Surface drilling at the Taivaljärvi deposit was performed along the lines orientated in 
east-west direction on the local coordinate grid, cutting the prospective unit in 
perpendicular direction. Collar spacing in north-south orientation is commonly 40 
meters. Between 11320N to 11680, the surface drilling density is from 20-meter 
spacing down to 10-meter spacing along the strike of known mineralization. 
 
Underground drilling was performed mainly to 20-meter grid. This drill density covers 
the area defined by local grid northing from 11160 to 11570 and from +100 level 
down to +430 level. 
 
 
 11 Sampling Method and Approach (from Lappalainen,   
  2007) 
 
 
In the historical drilling campaigns completed by Kajaani Oy and Taivalhopea JV, the 
standard practise was that a geologist defined the assay intervals and then the 
defined assay intervals were split in half and assayed, whereas the other half of the 
core was saved for future needs. According to historical reports, all core were 
photographed before splitting. However, the author has not been able to access the 
original logging reports and, moreover, the quality of photographs is not good 
enough to examine core visually. 
 
Originally all core materials were stored. Unfortunately, during the dormant 
years of the Taivaljärvi project, some of the core was lost due to a lack of 
storage capacity. Therefore, at present only parts of the core can be found 
from National drill core depository. 
 
 
 

12  Sample Preparation, Analyses and Security   
(from Lappalainen, 2007) 

 
 
Sample preparation was executed by Kajaani Oy. Preparation included sawing the 
core in halves. Crushing the half core, splitting the crushed material and grinding a 
portion of the crushed material for analysis purposes. 
 
There is no detailed information available concerning the sample preparation 
process, nor equipment used, which makes it difficult to estimate the 
representativeness of the applied sampling protocol. However, the author believes 
that industry standards were followed routinely in the sampling and sample 
preparation process. 
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Kajaani Oy and Taivalhopea JV completed most of the analytical work at Kajaani 
Oy´s in-house laboratory in Kajaani. Pulverised samples were assayed 
systematically for copper, zinc, lead, manganese and silver by atomic absorption 
spectrometry (AAS) equipment. Results were reported as ppm (parts per million). 
 
Gold assays were conducted only from samples, which were deemed to be “ore 
grade”. Gold assays were conducted at Outokumpu Oy´s in-house laboratory in 
Outokumpu. 
 
 
 
 13 Data Verification (from Lappalainen, 2007) 
 
 13.1 Quality Assurance and Quality Control Procedur es  
 
Records for drill core assays applied in this report did not include details of any 
systematic QC/QA methods or approaches applied by Kajaani Oy or Taivalhopea 
JV, who have completed the historical drilling programs. The author believes that no 
such QC/QA program was implemented in those days, when Taivaljärvi project was 
active. 
 
Therefore, Silver Resources Oy has conducted a preliminary QC/QA program to 
ensure sample representativeness and to confirm analytical results from drilling 
conducted by Taivalhopea JV. This program was planned by the author.  
 
The objective of the QC/QA campaign was to define the confidence of the previously 
assayed silver, lead, zinc and gold grades at the Taivaljärvi silver deposit. Originally, 
the selection of 94 samples represented ~3% of assay data from underground drill 
holes. Selection biased to grades and area, which are assumed to be economic or 
close to economic grade, so that no reassessment was conducted for grades below 
50 g/t of silver. 
 
The purpose of half core replicate samples (HCR) was to test sample homogeneity 
and representativeness, and the purpose of crushed material replicates (CR) was to 
test sample representativeness. The purpose of pulverised sample duplicates (PD) 
was to test the quality of the analysis and reproducibility of the original data. 
 
Samples were selected from 145 underground drill holes, which represent the 
most probable part for possible economic beneficiation of the deposit. 
Unfortunately, after mining concession elapsed for the previous holder of the 
Taivaljärvi deposit, the core and material taken from core was transferred from 
their original storage to National Drill Core (NDC) depository at Loppi. At this stage, 
part of the core were lost due to lack of storage capacity at NDC depository and, 
therefore, only selected parts of the core are currently available at the National drill 
core depository. This led to a situation, where only 69 samples could be retrieved to 
Silver Resources Oy’s QC/QA program.  
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The HCR sample was taken at GTK’s core facility in Loppi by GTK staff supervised 
by Silver Resources Oy staff. PD samples were also retrieved from GTK’s archives 
at Loppi. 
 
Both sample types were sent for preparation and analysis to the Geological Survey 
of Finland's Analytical Laboratory, which is accredited according to the SFS-EN 
ISO/IEC 17025. The HCR sample was crushed and pulverized and a 150-gram split 
was submitted for analysis. PD sample was homogenized, and a split was submitted 
for analysis. 
 
Silver analysis was performed using lead fire assay pre-concentration with 
gravimetric analysis from a 25-gram sub sample, GTK’s method 704G. For gold 
analysis, a similar method with FAAS finish was applied (GTK method 704A). Zinc 
and lead analysis were conducted by hot aqua regia leach with ICP-AES finish, GTK 
method 510P. 
 
Additional blanks, duplicates or certified standards were not inserted in the sample 
batch except for 10 samples that belong to the laboratory’s internal assay QC 
protocol. 
 
Results from Silver Resources QC/QA program are presented in appendix 11, Fig.1, 
(ed. By Parkkinen) and a summary of the results is presented in tables 3A and 3B. 
 
Table 4A shows that differences in silver and base metal assays in HCR samples 
are in acceptable level, suggesting that sampling protocol used in historic sampling 
campaigns produced acceptable quality for silver, zinc and lead. However, table 3A 
shows that applied sampling protocol and assay sample split size did not produce 
acceptable quality for the gold grade. 
 
Table 4B shows the assay method applied by Taivalhopea JV and Kajaani Oy 
slightly underestimated silver, zinc and lead grades. Especially gold grade in 
samples was underestimated. 
 
The QC/QA program conducted by Silver Resources indicated problematic and 
contradictory results in some cases. Moreover, the precision and/or accuracy levels 
are lower than expected. However, in cases of silver, zinc and lead, the observed 
differences are at an acceptable level and, actually, it seems that historic methods 
are slightly underestimating grades in comparison to modern assay methods. The 
author concludes that original assays provide reliable, but conservative, raw material 
for resource evaluation in cases of silver, zinc and lead. 
 
In terms of gold assays, the applied QC/QA program indicated severe malpractices 
in historic sample preparation protocols and assay methodology. Therefore, the 
author concludes that the historic gold assay results can’t be used to produce 
reliable resource estimate. 
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Table 4A. QC/QA 2006 HCR samples 

 
 
Table 4B.  QC/QA 2006 PD samples 

 
 

 
13.2 Data Verification  

 
The author cannot ensure that the quality of data and results presented in this 
report, as well as the technical data, have been derived from historical 
assessment files and other sources. Therefore, the author must rely upon the 
professional measures used by the Kajaani Oy and Taivalhopea JV professionals 
and other professionals who completed the work. In case of analytical 
information related to drill core assays, reader is advised to read section 13.1. 
 
 
 
 14. Database and Data 
 
The drill hole database constructed here is based on files received from 
Outokumpu, which have then been transformed to an MS access database by 
the author. Database includes both underground and surface drilling results 
from the Taivaljärvi deposit and its immediate strike extensions. Total number 
of drill holes in applied database is 308, comprising 152 surface holes and 156 
underground holes. Total length of surface drilling is approximately 35 
kilometers with an average drill length of 229 meters. Average length of 
underground holes is significantly shorter, with an average length of 76 meters. 
Constructed database is divided into four tables: collar, survey, and assay and 
lithology. All collar information is in local grid coordinates. Summary of the 
collar table is presented in table 5. For the survey table, the deviation is 
estimated as described in section 10.2. Assay results are the original results 
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provided by Outokumpu –Taivalhopea JV. The lithology table has only the 
generalized names and, therefore, it is useless for detailed interpretation. 
Assay table includes 8580 assays, in total 17945 meters, and a summary of the 
assay table content is presented in table 5. 
 
Table 5. 
Database collar and assay table summaries. 

 
 
To check the drill hole database integrity, the author revised few holes with 
their original source of information. However, this could only be done for assay 
and collar data. Original survey and lithology reports were unavailable. 
The author’s opinion is that available drill hole data is valid and suitable to 
produce a geological grade model and a resource estimate. 
 
 
 
 

14.1 Assay Length 
 
The average analytical sample length is 1.86 meters and the median is 1.83 
meters, proposing near normal distribution of sampling intervals (Fig. 8). There 
is no relation between silver grade and sample length as can be from Figure 9. 
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Table 6. 
Basic statistics for assay length, Taivaljärvi Depo sit. 

 
 
Figure 8. 
Statistics and distribution of assayed sample lengt hs. 
 
 

 
Figure 9. 
Silver grade (Ag) versus sample length. 
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14.2 Basic Statistics 

 
 
Basic assay statistics in Tables 7-9 and in Figures 10-12 illustrate the behaviour of 
assay data in 1 m and in 2 m composites and the linear relations between major 
elements. Additional information is in Appendix 1.  
 
Table 7. 
Basic statistics of original Taivaljärvi sample ass ays. 

Taivaljärvi Original Assays g/t
Ag Au Cu Mn Pb Zn

Valid cases 8 580 3 201 8 559 8 548 8 572 8 580
Mean 38.13 0.24 77.77 1 680.50 1 495.49 3 451.43

Std. error of mean 1.13 0.02 2.84 17.22 40.47 70.77
Variance 10 939.40 0.74 69 272.78 2 534 022.03 14 037 210.25 42 971 683.17

Std. Deviation 104.59 0.86 263.20 1 591.86 3 746.63 6 555.28
Variation Coefficient 2.74 3.57 3.38 0.95 2.51 1.90
rel. V.coefficient(%) 2.96 6.31 3.66 1.02 2.71 2.05

Skew 16.33 19.19 50.36 4.30 10.94 6.03
Kurtosis 531.19 517.77 3 595.08 42.44 195.37 55.06
Minimum 0.00 0.00 0.00 -1.00 0.00 0.00
Maximum 4 700.00 28.62 19 650.00 32 900.00 99 999.00 99 999.00

Range 4 700.00 28.62 19 650.00 32 901.00 99 999.00 99 999.00
Sum 327 131.00 770.18 665 629.00 14 364 911.00 12 819 378.00 29 613 239.00

1st percentile 0.00 0.00 0.00 0.00 0.00 37.81
5th percentile 1.00 0.00 0.00 240.00 0.00 110.00

10th percentile 2.00 0.01 11.00 420.00 50.00 200.00
25th percentile 5.00 0.03 23.00 750.00 180.00 550.00

Median 14.00 0.09 40.00 1 290.00 560.00 1 400.00
75th percentile 34.00 0.20 75.00 2 069.50 1 410.00 3 600.00
90th percentile 79.90 0.50 150.00 3 310.00 3 200.00 8 000.00
95th percentile 141.00 0.84 235.00 4 450.00 5 500.00 13 200.00
99th percentile 422.19 2.57 630.40 7 625.50 16 927.00 32 919.00
Geom. mean ---- ---- ---- ---- ---- ----  
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Figure 10. 
Taivaljärvi original sample assays: logarithmic fre quency histogram of Ag. 
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14.3 Compositing 
 
Table 8. 
Basic statistics of Taivaljärvi 1 m composites.  

Taivaljärvi 1 m Composites g/t
ag au cu mn pb zn

Valid cases 18 700.00 7 086.00 18 660.00 18 581.00 18 690.00 18 700.00
Mean 33.26 0.22 74.90 1 651.25 1 365.31 3 260.36

Std. error of mean 0.64 0.01 1.49 10.59 23.88 43.09
Variance 7 593.04 0.40 41 248.66 2 085 445.99 10 654 042.30 34 721 085.79

Std. Deviation 87.14 0.63 203.10 1 444.11 3 264.05 5 892.46
Variation Coefficient 2.62 2.91 2.71 0.87 2.39 1.81
rel. V.coefficient(%) 1.92 3.46 1.99 0.64 1.75 1.32

Skew 17.82 16.32 51.84 3.84 12.34 6.19
Kurtosis 666.55 408.30 4 669.67 32.40 262.41 61.42
Minimum 0.00 0.00 0.00 0.00 0.00 0.00
Maximum 4 700.00 21.28 19 650.00 27 000.00 99 999.00 99 999.00

Range 4 700.00 21.28 19 650.00 27 000.00 99 999.00 99 999.00
Sum 621 891.53 1 536.91 1 397 580.41 30 681 804.44 25 517 654.60 60 968 717.18

1st percentile 0.00 0.00 0.00 21.64 0.00 41.00
5th percentile 1.00 0.00 3.60 320.00 0.00 123.22

10th percentile 2.00 0.01 13.29 480.00 50.00 230.00
25th percentile 4.61 0.03 24.30 793.14 190.00 583.11

Median 13.00 0.09 41.00 1 307.00 553.65 1 460.00
75th percentile 31.12 0.20 75.49 2 009.05 1 366.00 3 529.55
90th percentile 70.00 0.46 142.00 3 200.00 2 990.00 7 575.02
95th percentile 121.08 0.80 220.10 4 224.23 5 000.00 11 809.68
99th percentile 364.70 2.16 570.39 7 100.36 13 509.00 28 959.28
Geom. mean ---- ---- ---- ---- ---- ----  
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Figure  11. 
Taivaljärvi 1 m composites, Log(Ag) histogram. 
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Table 9. 
Basic statistics of Taivaljärvi 2 m composites.  
 

Taivaljärvi 2 m Composites g/t
ag au cu mn pb zn

Valid cases 9735 3795 9714 9667 9727 9735
Mean 32.55 0.22 74.55 1 642.00 1 338.05 3 204.30

Std. error of mean 0.82 0.01 1.81 14.01 29.50 55.13
Variance 6 517.74 0.33 31 943.60 1 896 400.80 8 462 881.10 29 583 757.78

Std. Deviation 80.73 0.57 178.73 1 377.10 2 909.10 5 439.10
Variation Coefficient 2.48 2.62 2.40 0.84 2.17 1.70
rel. V.coefficient(%) 2.51 4.25 2.43 0.85 2.20 1.72

Skew 18.70 12.98 34.57 3.53 10.20 5.80
Kurtosis 754.26 255.07 2 104.74 27.43 187.65 55.98
Minimum 0.00 0.00 0.00 0.00 0.00 8.00
Maximum 4 157.00 15.23 12 040.50 24 280.00 92 000.00 99 999.00

Range 4 157.00 15.23 12 040.50 24 280.00 92 000.00 99 991.00
Sum 316 853.01 829.96 724 217.22 15 873 204.18 13 015 229.60 31 193 845.99

1st percentile 0.00 0.00 0.00 23.43 0.00 40.00
5th percentile 1.00 0.00 6.83 330.64 0.00 120.00

10th percentile 2.00 0.01 14.51 490.00 50.00 230.00
25th percentile 4.86 0.03 25.00 802.85 196.50 600.00

Median 13.00 0.10 42.00 1 323.60 570.00 1 525.00
75th percentile 32.07 0.20 76.45 2 032.00 1 388.75 3 565.00
90th percentile 69.63 0.47 143.12 3 173.88 2 956.80 7 511.68
95th percentile 117.02 0.77 219.07 4 129.00 4 909.60 11 621.80
99th percentile 321.90 2.21 555.03 6 712.61 12 387.36 26 956.01
Geom. mean ---- ---- ---- ---- ---- 1 402.59  
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Figure  12. 
Taivaljärvi 2 m composites, Log(Ag) histogram. 
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14.4 Additional Remark (Parkkinen)  
 

In the survey measures of 90 drill holes I corrected a peculiar systematic error 
having existed during the reporting phases of Lappalainen (2007) and Parkkinen 
(2009a, b). The error consisted of hole length extensions and respective azimuthal 
direction and dip measures at hole depths of 200 m, 300 m, 400 m, and 500 m. 
Because all modelling work dealt with sampled core portions only, this error did 
influence neither modelling nor resource estimates. It only caused cosmetic 
inconvenience. The updated database is named “Taival2010.mdb”. 
 

 
 

 15  Adjacent Properties 
 
 
In April 2010, there were no existing or applied properties adjacent to Silver 
Resources Oy’s applied Taivaljärvi claims. 
 
 
 
 16  Mineral Processing and Metallurgical Testing 
 
 16.1 Process mineralogy 
 
Kajaani Oy (Tuokko) ordered an ore-mineralogical study from Outokumpu Oy. In 
1985 Outokumpu Oy, Geological Laboratory reported on the ore microscopy study  
of three mineralization types, á 4-5 drill core samples (Häkli & Sotka, 1985). These 
types were (1) "Ag-ore ", (2) "Zn-Pb-Ag ore ", (3) "Footwall weak mineralization ".  
My interpretation is that Ag-ore corresponds to the A ore, Zn-Pb-Ag ore corresponds 
to the B ore, and Footwall weak mineralization corresponds to the C+D ore of 
Papunen et al. (1989). 
 
Research methods were ore microscopy, chemical analysis of 13 metals and CO2, 
main component analysis by XRF, carbonate analyses by XRD, and microprobe 
analyses by Cameca -microanalyser. 
 
Thirteen samples were assayed (Appendix   A). Best correlation was found between 
silver and gold. It was estimated that the ratio Au/Ag is about 1/600. CO2 -grades 
indicate that the types (1) and (2) contained 9-10 % carbonates on an average while 
the carbonate contents of type (3) is about 4-5 %. According to XRD-analysis the 
carbonate mineral is predominantly ankerite. 
 
Ore minerals typically occur as dissemination, with bands in places. In all types silver 
and lead minerals are most abundant in quartz-ankerite veins and vein lets while 
zinc minerals favour sulfidic portions where the sulfide is mostly pyrite.  
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In Ag-ore the grain size of silver and lead minerals is usually fine, below 100 µm.  
Main host rock minerals are quartz, sericite, and ankerite. Ore minerals are: Pyrite, 
Pyrrhotite, Galena, Sphalerite, Dyscrasite (Ag3Sb), metallic Sb, Freibergite 
[(Cu,Ag)10(Sb,As)4S13], Pyrargyrite ([Ag3SbS3], metallic Ag, Freieslebenite 
[AgPbSbS3], Bournonite [CuPbSbS3], Arsenopyrite, Gudmundite (FeSbS), and 
Chalcopyrite. Ore minerals tend to occur as clusters and complexes with inclusions 
usually hosted by Galena, Sphalerite, or carbonates. Gold is associated with 
Dyscrasite and it seems to replace silver both in the metallic phase and in Ag-
minerals. 
 
In Zn-Pb-Ag ore grain size is medium-coarse. Host rock contains quartz, sericite, 
carbonate, biotite, garnet. The amount of sulfides and respectively of lead and zinc is 
much bigger than in Ag-ore. Ore minerals are similar to the Ag-ore. Galena usually 
contains inclusions of Ag-Sb-minerals.   
 
In Footwall weak mineralization ore minerals occur as fine grained banded 
dissemination dominated by pyrite and in places by pyrrhotite. Ore minerals are as in 
other types. Weak mineralization seems to contain carbonate less than other types. 
 
Compositions of main silver minerals are in tables of Appendix B and calculated 
mineral compositions of the samples are in Appendix C 
 
Häkli et al. (1985) estimated the production of a lead-concentrate as follows: 
In case the goal is to get a concentrate with 30 % of Pb, then, supposed that Galena 
and Ag-minerals behave equally, the Ag-ore might give a concentrate with 2.6 % Ag. 
Respectively, it might contain 0.84 % Cu and 40 g/t Au. 
 
With above conditions, the Zn-Pb-Ag ore might give a 30 % lead-concentrate with 
0.39 % Ag, 0.45 % Cu and 5-6 g/t Au. 
 
!�������"
	�
'����
()�	�

$*+,�&
	��
�
	��
������-" ���
��

���	
.���
����
��


�����	
��



����
��
��

����	
��
�
�����

��
���
��	
	�
��
"� ���
��/���
���
���
�	
	��	��
���

	��
�
	��
��

���	
00�
���
�
�����
��	�
!"
12
��
"- 	

��
	��
�
	��
��

���	
%.�3%4�

���
�
�����
��	�
0�
"-	
52
!"
5
��
"-	�







 16.2  Metallurgical Testing 


In a laboratory scale VTT between 1985-90 (Palosaari et al., 1985; Rinne et al. 1989, 
1990) tested conventional flotation techniques on Taivaljärvi ore types. The last two 
tests were done for a 100 kg and a 40 kg quantity and with a 76 % -74 µm grinding.  
 
The final tests lead to a concentrate-estimate. When the feed contains 0.93 % Pb, 
2.45 % Zn, 275 g/t Ag, and 1.5 g/t Au, then a lead concentrate containing 61 % Pb, 
3.7 % Zn, 1.7 % Ag, and 84 g/t Au with respective recoveries of 91 %, 3.7 %, 86 %, 
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and 79 %. The tailings would the produce a zinc-concentrate with 0.15 % Pb, 58 % 
Zn, 90 g/t Ag, and 0.9 g/t Au - and respective recoveries would be 0.6 %, 90 %, 1.2 
%, and 2.3 %.  
 
As Lappalainen (2007) put it: "The results generally demonstrated that the 
mineralization is amenable to concentration with standard flotation techniques." 
However, in the above concentrate-estimate the supposed feed seems to contain 2-
3 times the grades to be expected in reality. 
 
 


 
 
 17  Mineral Resource Estimate 
 

17.1 Mineral Resource Models 
 
In addition to Ag-, Zn-, Pb-, Cu-, and Mn- grade patterns there is no unequivocal 
geological layer, band, or structure that could be followed as a marker for the 
mineralization. Therefore all modelling is based on interpreted continuities from drill 
core assay information on drilled sections and on interpretations of spatial grade 
statistics. Tuokko (1991) did not make use of spatial statistics and so he simply 
extended his 2D interpretations to 3D, a technique usual before advanced computer 
modelling emerged. His resource classification followed the tradition as well while 
based on drilling density. It seems to me that Tuokko over-estimated both the 
volume and the average grade of measured mineral resource. 
 
Lappalainen (2007) made use of computerized modelling by connecting sectional 
polygons, envelopes of the mineralization with Ag >= 50 g/t, to solids. He then run 
block model interpolation inside selected solids and only using 2 m assay 
composites inside the solids. For interpolation he probably applied parameters 
obtained by the variography for silver. Resource estimate with a cut off grade of 50 
g/t Ag was then run. I appreciate his work as a good conservative approach. I would 
however prefer a deeper input of geostatistical analysis, especially in a case like 
Taivaljärvi where the continuity of portions rich in silver as well as the continuity of 
the whole mineralization is problematic and intriguing. 
 
Parkkinen (2009a) decided to lower the cut off grade used by Lappalainen and 
defined silver >= 30 g/t Ag the grade population to model. Conventional variography 
did not work well but non-linear global variography gave parameters for the block 
model of this population that was used to create isosurfaces to act as pre-forms of 
solids. Solid creation then occurred by combining mineralization polygons on 
northing sections at 10 m intervals. Parkkinen then run block model interpolation 
inside these solids and only using 1 m assay composites inside the solids. Resource 
estimates with cut off grades of 30 g/t, 50 g/t, and 80 g/t Ag were then calculated. 
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The second resource model by Parkkinen (2009b) differs from above in four ways. 
First, in the use of 2 m composites, and second, in the lowering of the thickness limit 
of acceptability to 2 m, and third, in the use of horizontal sections at 10 m intervals 
instead of vertical sections for polygon outlining, and forth, by accepting internal 
waste rock to enlarge the size of wire-framed units. The slightly changed variography 
parameters and looser enveloping techniques produced a smaller number of solids 
than above other studies but the total volume of the mineralization grew being 4.6 
times bigger than that of Parkkinen (2009a). 
 
Table 10 contains a comparative numerical analysis of the four different mineral 
resource models by Tuokko (1991), Lappalainen (2007) and Parkkinen (2009a, b).  
 
It appears that above four models all are in good agreement with the geological 
model of Papunen et al. (1989, 2009) and with the present additional description of 
the mineralization in Appendix 2. The model of Tuokko (1991) is least reliable due to 
the lack of 3D modelling. The results of Lappalainen (2007) and Parkkinen (2009a) 
come very close as to the combined measured and indicated resource. The more 
effective use of geostatistics makes me to choose the latter one as the best 
estimate. On the other hand, the model by Parkkinen (2009b) does not give a good 
enough estimate for measured nor indicated resource but it as a whole must be 
considered as inferred resource. 
 
There is a problem with choosing the correct or practical cut off grade for resource 
estimates. The choice of Ag >= 50 g/t (Lappalainen) or Ag >= 80 g/t (Parkkinen) is 
well grounded. However, for inferred resource, I still prefer the acceptance of Ag >= 
30 g/t as one option to estimate the total mineral potential of the Taivaljärvi deposit. 
This resource I like to call Total Mineralization cut off 30 g/t Ag. 
  
Mineral resource models by Tuokko (1991), by Lappalainen (2007) and by Parkkinen 
(2009a, 2009b) are in more details reviewed in Appendix 5. 
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Table 10. 
Resource models by Tuokko, Lappalainen and Parkkine n compared. 
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 17.2 Taivaljärvi Mineral Resource Estimate 
 
 
The Final Estimate is based on Parkkinen (2009a) with certain modifications pointed 
by Lappalainen (2007). Values for copper and gold have been left out, the former 
because of very low grades and the latter because of uneven and insufficient 
sampling. Gold seems to follow silver so well that from the statistics I would suppose 
that the silver/gold ratio is about 300. This would mean that the measured and 
indicated resource contain about 0.5 g/t gold. 
 
The extent of the mineralization can be approximated by using cut off grades 10-30 
g/t Ag. In this report grade 30 g/t was chosen and, respectively, the volume of the 
Taivaljärvi Total Mineralization would then be 13 M t with 65 g/t silver, 0.5 % 
zinc, and 0.2 % lead as reported by Parkkinen (2009b).   
 
 
Table 11.   
Taivaljärvi Mineral Resources.  
Taivaljärvi Mineral Resource 2010
Cut off grade 80 g/t Ag Density 2.8
Classification T.Tons Silver g/t Silver g/t Zinc % Lead % Manganese %

No upper cut off Upper cut off 550
Indicated Resource 1 736 000 180 157 0.95 0.56 0.24
Indicated Resource 2 590 000 152 140 0.88 0.46 0.24
Total 1 324 000 167 149 0.92 0.51 0.24

Inferred Resource 430 000 161 146 0.94 0.43 0.23  
 
Block model definition (Table 12) is similar to that of Lappalainen (2007). The 
attribute “ag_final” stands for the interpolation of silver values from 1 m composite 
table and with isotropic ID2 -method inside 3D modelled solids. “ag_final_cut” stands 
for respective silver values with an upper cut off 550 g/t Ag. “ag_ordinary” contains 
reference values for silver interpolated with ordinary kriging. “Distance” means the 
average distance of nearest samples to a block. All *calc –expressions mean values 
calculated using the same parameters as those for silver.  
 
Resource classification based on the “distance”: 
Indicated Resource 1 distance 0  --   10 m 
Indicated Resource 2 distance 10 – 20 m 
Inferred Resource  distance 20 – 40 m. 
 
Main difference to the earlier estimates is the classification. Uncertainties in drill hole 
location and missing deviation measurements of long dholes, and the low QC/QA 
level (corresponding only to 3% of underground assay data, Chapter 13) are the 
main reasons not to accept any Measured Resource. Instead, there are two 
categories of Indicated Resource.  
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Table 12 
Taivaljärvi block model definition.  
Gemcom Software International                                       Apr 102010

Taivaljärviblockmodel.MDL

Type Y X Z 
Minimum Coordinates 11000 4650 -700
Maximum Coordinates 11650 5100 0
User Block Size 10 2 10
Min. Block Size 2.5 0.5 2.5
Rotation 0 0 0
Total Blocks 535486
Storage Efficiency % 99.18

Attribute Name Type Decimals Background Description 
ag_ordinary Real 1 0
ag_final Real 1 0
ag_final_cut Real 1 0
aucalc Real 4 0
class Character - 0 meas indic inf
cucalc Real 1 0
distance m Real 1 0
mncalc Real 1 0
pbcalc Real 1 0
zncalc Real 1 0  
 
 
 

17.3 Taivaljärvi Mineral Resource Check 
 
 
An independent solid modelling procedure, limited to the indicated-measured silver 
resource, was run by me in March-April 2010.  It was based on an interpolated block 
model, and the parameters were defined by variography constrained inside Total 
Mineralization (“Exploration Solid”). Results are in Table 13. They confirm the 
indicated-measured resource to be above 1 Mt with silver ~150 g/t. See Appendices 
4 and 5. 
 
Table 13. 
Taivaljärvi Mineral Resource Control. 
No upper cut off. 
Mineral Resource Control April 2010
Indicated Resource Density 2.8
Cut off g/t Ag Volume Tonnes Ag g/t
50.0 -> 80.0 185 400 519 120 65
80.0 -> 4000.0 352 400 986 720 170
Grand Total 537 800 1 505 840 135
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 18  Other Relevant Data and Information  
 
 
The property left to Silver Resources Oy by Taivalhopea contains data that have not 
been handled in the reports by Lappalainen or Parkkinen. Tuokko (1991) described 
some of the data but he did not include thorough interpretations in his report. A set of 
this data consists of the detailed geological and rock-mechanical survey of the mine 
decline and a rock-mechanical study of drill cores. Another set of data consists of 
whole rock assays of samples from the mine decline and from the surface (Papunen 
et al. 2009). See Appendices 7-9. 
 
 

 
  

 
19 Interpretation and Conclusions 

 
 
The Taivaljärvi deposit forms an apparently isolated structural fragment inside an 
otherwise uniform felsic metavolcanic sequence. The stratigraphic footwall (locally 
west of the deposit) consists of a unit of weakly mineralized metarhyolite and it 
seems that the ore deposit is a part of local and regional stratigraphy. However, the 
sharp contact of the hanging wall is possibly of tectonic origin. This may mean that 
the deposit was sliced off from a wider formation. 
 
The present outlining of the deposit gives it a lens like though fragmented shape 
(Fig. 4A, Appendix 5). Inside these lens fragments smaller lens-shaped enrichments 
can be outlined that form the core of the possibly minable mineral resource. Thus the 
deposit has an apparently simple structure as a whole. But there are complex 
features: 

1. The deposit is reported to consist of four distinct layers. However, I have 
not figured how these layers could be followed in 3D. There is no distinct 
host rock of ore or any layers, and there is no key composition of valuable 
elements to follow. On the contrary, each of the assayed group Ag, Zn, Pb, 
Mn, Cu, and Au has its individual way of occurrence though they also 
correlate in places (Appendix 2).  

2. There is a clear planar control on the occurrence of all ore minerals that is 
possibly related to intense axial plane cleavage (Appendix 3). There are 
also linear controls possibly related to the fold axes of sequential 
deformation phases. The most evident lineation controls the way the lens 
shaped deposit plunges towards local south-southeast. However, 
geostatistical analyses indicate that grade continuities are still relatively 
short (20 – 30) in the preferred directions. This indicates further that the 
deposit is also internally fragmented beyond the scale of present drilling 
density. 
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In addition to above complexity there is another area of difficulties: The present data 
contain inaccurate features that should be revised and updated. (Chapters 10-13). 
More specific notes are in Chapter 21, Recommendations. 

 
In my opinion the deposit information must be ensured and developed before 
entering a full feasibility study.  

 
 

 
 20  Environment, Safety and Community Relations   
  (from Pöyry Environment, 2006, 2008) 
 
 
The mine is located at a water divide area, which divides waters running east and 
north towards the Lake Tipasjärvi, and west towards the Lake Iso-Sapsojärvi. Both 
lakes are located in the watercourse of Oulujoki River, in the partial drainage basin 
area of Nuasjärvi Lake and Kiimasjärvi Lake. The waters in the region are generally 
dark in colour, rich in humus and relatively rich or rich in nutrients. Fishing and fish 
stock management practices are exercised at Tipasjärvi Lake. The only other 
considerable watercourse is the Lake Taivaljärvi, which is regulated and used for 
aquaculture. 
 
The area surrounding the claim area is sparsely inhabited, consisting mainly of forest 
and wilderness with relatively little utilised area. Human activities have had a 
considerable impact on the ecology of the area. Highest point within the claim area is 
approximately 225 metres above the sea level. Considerable portion of the claim 
area is mire. The eastern part and the northernmost border of the claim area are 
mostly boreal coniferous forests. Forests are mostly young and aged silvicultural 
forests. The northern periphery of the planned mine area is intersected by road 
number 9005, which connects highway number 76 from Sotkamo to Kuhmo, and 
road number 5384 that leads from Valtimo towards Kuhmo. A forestry road leads to 
the claim area. 
 
Claim area does not contain protected areas. The closest Natura area is 
approximately one kilometre away at its closest location. Soil of the claim area is 
relatively infertile. Flora was studied during summer 2006. During the year 2007, 
hydrological and geochemical studies were conducted in the mine area, and the 
wells and foundations of the households surrounding the claim area were studied. 
Moreover, watercourse characteristics, claim area fauna, and fish stock in the 
surrounding watercourses were studied. 
 
 
  



   

Parkkinen: Taivaljärvi Review and Update of Mineral Resource Estimates April 16, 2010 
 

40 

21  Recommendations (from Lappalainen 2007 & Parkki nen) 
 
1. All long surface holes intersecting or locating near the defined resource 
 should be surveyed for deviation as soon as possible 
2. All surface drill hole locations should be resurveyed and the mine grid should 
 be redefined in details 
3, Specific gravity determinations should be conducted as soon as possible. This 
 can be done as in-house work or by buying the service from a laboratory. At 
 least one out of five existing assay intervals should be put under SP 
 measurements. 
4.  Retrieving historic logging data and actually relogging all the relevant cores to 
 better understand the controls of high-grade mineralization.  
5.  When possible, faces of the inclined tunnel should be mapped and brought to 
 digital format to enable more rigorous interpretation of the existing geology. 
 Emphasis should be put on structural interpretation of the existing 
 vein systems and their spatial distribution.  
6. As observed from QC/QA study, the gold assays are not on reliable level due 
 to sample preparation and, partly, to historic assay methodology. Gold could 
 bring a significant addition to the value of the project. Gold sampling 
 preparation should start from the drill core material if there is enough material 
 left. Other option is to drill new holes to investigate the gold distribution in the 
 deposit. If there is enough core available for re-sampling and re-assay, it is 
 estimated that in order to get a meaningful result, at least 500 samples should 
 e collected. 
7. Observed from the variogram study, a clear nugget effect exists and grade 
 continuity is controlled by at least two phenomena: high-grade vein related 
 mineralization and lower-grade disseminated mineralized halo. To assess 
 the significance of the mentioned phenomena, it is strongly recommend that 
 an infill drilling program be executed to define short-range continuity 
 geological control in a more precise way. This infill drilling campaign would 
 require approximately 3000 meters of drilling, if underground access is 
 available 
8. To confirm previous drilling, a selected set of twinning diamond drill holes 
 should be done. At least 1000 meters should be reserved for this purpose.  
9. On regional scale, all existing exploration data should be compiled into digital 
 format to help the assessment of regional exploration potential.  
10. Structural analytics of local and regional geology should be extended to make 
 use of all available geophysical, geochemical, and geologic data. Especially 
 available tectonic measurement done on the surface and in the mine decline 
 should be analysed. 
11. Chemical and XRF assays from the surroundings, from the surface, and from 
 the mine decline should be reworked in conjunction with the available drill 
 core assay data. 
12. As a corollary to point 7: non-linear geostatistics should be applied to study 
 the possibility of analyzing structures related to the supposed layering of the 
 deposit. 
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APPENDICES 
 
 
 
 
APPENDIX 1. 
Additional basic statistics of the Taivaljärvi depo sit 
 
According to the logarithm cumulative frequency diagrams in Figs.1-3 only zinc 
shows a thorough continuity in all grades. On the other hand, copper values seem 
most erratic of all. Silver looks rather stable between grades 10-500 g/t and it is still 
relative stable around 800 g/t.   
 
Correlation Table 1 points out that the major elements are mutually relatively 
independent. There are a few pairs with a marked correlation like lead-zinc (0.73) 
and silver-lead (0.55). On the other hand, it seems that copper is almost an outlier 
having only weak correlation with zinc (0.32). While the mineralization is supposed 
top be connected with the occurrence of carbonates, this table hardly shows any 
remarkable correlation between manganese and other elements.  
 
Correlation Table 2 shows that there is logarithmic correlation between gold and 
silver and also between silver and zinc. Very similar is the impression given by 
scatter diagrams in Figures 4 A-F. 
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Figure 1A.     Figure 1B. 
Cumulative frequency diagram of Log(Ag). Cumulative  frequency diagram of Log(Au). 
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Figure 2A.     Figure 2B. 
Cumulative frequency diagram of Log(Cu). Cumulative  frequency diagram of Log(Mn). 
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Figure 3A.     Figure 3B. 
Cumulative frequency diagram of Log(Pb). Cumulative  frequency diagram of Log(Zn). 
 
 



   

Parkkinen: Taivaljärvi Review and Update of Mineral Resource Estimates April 16, 2010 
 

47 

Table 1. 
Correlation coefficients of Taivaljärvi major eleme nts from original assays. 
Pearson Correlation

Ag Au Cu Mn Pb Zn
Ag

Correlation coefficient 1.00 0.41 0.21 0.13 0.55 0.42
valid cases 8580 3201 8559 8548 8572 8580

one-sided significance 0 0 2.09416E-88 4.69721E-34 0 0

Au
Correlation coefficient 0.41 1.00 0.11 0.08 0.25 0.16

valid cases 3201 3201 3190 3189 3200 3201
one-sided significance 0 0 3.53878E-10 9.40722E-07 2.71094E-46 1.07383E-20

Cu
Correlation coefficient 0.21 0.11 1.00 0.07 0.25 0.32

valid cases 8559 3190 8559 8548 8552 8559
one-sided significance 2.09416E-88 3.53878E-10 0 9.00045E-12 0 0

Mn
Correlation coefficient 0.13 0.08 0.07 1.00 0.14 0.22

valid cases 8548 3189 8548 8548 8548 8548
one-sided significance 4.69721E-34 9.40722E-07 9.00045E-12 0 3.87923E-38 0

Pb
Correlation coefficient 0.55 0.25 0.25 0.14 1.00 0.73

valid cases 8572 3200 8552 8548 8572 8572
one-sided significance 0 2.71094E-46 0 3.87923E-38 0 0

Zn
Correlation coefficient 0.42 0.16 0.32 0.22 0.73 1.00

valid cases 8580 3201 8559 8548 8572 8580
one-sided significance 0 1.07383E-20 0 0 0 0  

 
Table 2. 
Correlation coefficients Taivaljärvi major elements  from logarithmic original assays.  
Pearson Correlation

Log_Ag Log_Au Log_Cu Log_Mn Log_Pb Log_Zn
Log_Ag

Correlation coefficient 1.00 0.75 0.43 0.22 0.81 0.67
valid cases 8445 2900 7928 8325 7973 8441

Log_Au
Correlation coefficient 0.75 1.00 0.41 0.16 0.57 0.46

valid cases 2900 2904 2802 2828 2851 2904

Log_Cu
Correlation coefficient 0.43 0.41 1.00 0.17 0.48 0.49

valid cases 7928 2802 8050 7958 7632 8047

Log_Mn
Correlation coefficient 0.22 0.16 0.17 1.00 0.13 0.30

valid cases 8325 2828 7958 8460 7944 8455

Log_Pb
Correlation coefficient 0.81 0.57 0.48 0.13 1.00 0.76

valid cases 7973 2851 7632 7944 8049 8047

Log_Zn
Correlation coefficient 0.67 0.46 0.49 0.30 0.76 1.00

valid cases 8441 2904 8047 8455 8047 8575  
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Figure 4. A B / C D / E F 
Scatter diagrams of logarithmic assay values. 
A LogAu / LogAg      B LogZn / LogAg 
C LogPb / LogAg     D LogMn / LogAg  
E LogCu / LogAg     F LogZn / LogPb.  

 
 



   

Parkkinen: Taivaljärvi Review and Update of Mineral Resource Estimates April 16, 2010 
 

49 

Appendix 2.  
Additional description of the mineralization 

 
In 1990-91 about 1700 tectonic elements were measured in the mine tunnel 
(Tuokko, 1991). Among them were 62 cleavage and 26 lineation measurements. 
According to my analysis they appear to be well focused so that reliable average can 
be calculated for both. Average cleavage appears to be 143/66 (in the local system 
097/66) and average lineation is 191/54 (145/54). These results come very close to 
corresponding estimates by Papunen et al. (1989) and I accepted them as basic 
parameters for a structural block model ”Structure model” created from 2 m long drill 
core sample composites and interpolated by ordinary kriging. To serve the purpose 
of finding statistical evidence for the layered or banded structure the block size was 
set to 2*5*5 m (XYZ) instead of the conventional 2*10*10 m used in several resource 
estimates. Moreover, search ellipsoid axes were set to be 40 m, 35 m and 6 m to 
find thin layered structures while the longest axis was set parallel to the average 
lineation 145/54 and the plane containing major and semi-major axis was set equal 
to foliation 097/66. A detailed description is in Appendix 3.  

 
Results are in figures 1-8 where they are compared to the illustrations of Papunen et 
al. (1989). Banding resembling observed layers can be recognized in block figures. It 
seems that zinc and lead are spatially well correlated. Silver seems to concentrate in 
different locations; besides silver occurs as lenses rather that along layers. On the 
other hand, manganese (marking mangano-carbonates or ankerite) seems to follow 
A and B layers with no simple linkage to the sulfidic minerals. Copper seems to have 
a weak spatial correlation with zinc and lead in places but mostly it enriched apart 
from all other above elements and in the upper part (Z > -300 m) of the deposit.

 
The geological surface map of Papunen et al. is compared to block model slices of 
level Z = -50 which is next to the surface. Blocks were counted for silver, zinc, lead, 
manganese and copper (Fig. 2). Silver highs are in the northern and in the southern 
end of the layer B. Zinc and lead highs are in the northern end of the layer A and in 
the southern end of the layer B. Zinc is also high in the layer D. Copper follows lead 
in places. Manganese high is along the layer A.  

 
In cross section Y = 11520 (Fig. 3) silver highs are like lenses in layers A and B. Zinc 
highs occur in all layers (least in the layer A), while lead shadows zinc. Manganese 
is abundant in layers A-C and copper highs are in layers C and D. However, all 
elements also show lens-shaped patterns indicating either pinch-and swallow 
structures or fragmentation and differential mobilization.  

 
In cross section Y = 11220 the only element highs showing long continuity are zinc 
(in layers D and C) and manganese (layers A-C) while silver and lead highs are met 
at lowest levels of layers D? and C? (Fig. 4). The question marks tell about the 
uncertainty of finding any trustworthy layering in this section. 
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Figure 1. 
Surface Plan of Papunen et al. (1989) and the corre sponding level Z = -50 of a special block 
model based on structural elements measured in the mine tunnel (Appendix 1). Blocks 
from the left: silver, zinc, lead, manganese, coppe r. Drill core samples are coloured 
according to the grade classification of silver blo cks 
 
 

Figure 2. 
Cross section Y = 11520 with the section outline by  Papunen et al. (1989) and the block 
model and drill samples as in Fig. 2. This section is marked by A’ on the Surface Plan in 
Fig. 1.  
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Figure 3. 
Cross section Y = 11220 with the section outline by  Papunen et al. (1989) and the block 
model and drill samples as in Fig. 2. This section is marked by B’ on the Surface Plan in 
Fig. 1. 
 
 

 
Figure 4. 
Cross sections Y = 11220, 11320, 11420, 11520, 1162 0 for silver, zinc, lead, manganese, 
and copper in the block model as in Fig. 2.  
 
The series of cross sections in Fig. 4 confirm the suspects of identifiable layers in 
cross sections. Certain banding is obvious: silver and manganese highs are 
mostly along the eastern flank (layers a-b) and copper has many highs along the 
western flank. Zinc and lead are somewhere between those extremes. There are 
symptoms of two different lineations, one along the proposed axial direction 
(145/54) and another with a shallower plunge towards south-east. 
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Figure 5. 
Horizontal sections Z = -100 to -500 for silver, zi nc, lead, manganese, and copper in the 
block model as in Fig. 1. 
 
 

Figure 6. 
Isosurfaces Ag 80 g/t (yellow), Zn 7000 g/t (green) , Pb 3000 g/t (violet), Mn 3000 g/t (grey), 
Cu 200 g/t (red). Note the higher cut off for zinc and manganese! 
 
It seems that manganese exhibits the best and most even grade continuation of 
above elements. Figures 4-5 imply that, in addition of following the eastern flank 
of the deposit, manganese also follows the northern end plunging to the south. It 
is partly due to the definition of cut off grades. Figure 6 shows 3D images of block 
model isosurfaces with higher cut offs for zinc and manganese. In addition to 
above notes, we see how fragmented the deposit apparently is. Each element 
has lows and highs in places more or less apart from those of other elements. 
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Figure 7. 
Manganese blocks on sections perpendicular to the 
lineation. Colours as in Fig. 2. 

 
Oblique block model sections slices from next 
to surface to the depth of 500 m and 
perpendicular to the principal lineation (194/54) 
are shown in Fig. 8 on the left. Colours are like 
in Fig. 2 for manganese. Besides, respective 
slices of isosurfaces of zinc, silver and copper 
have been added.  
 
My interpretation, based on this preliminary 
structural survey, is that the principal lineation is 
equal to the main fold axis. A simplified model 
of the postulated fold is in Fig. 9. The model 
shows a left-handed (sinistral) shear fold where 
manganese, coloured light-red, enriched in the 
hinge area. Present location of concentrations 
of sulfidic minerals would then be a combined 
result of original layering and mobilization 
during shear deformation. In Fig. 9 the latter 
has been emphasized. 
 
This model differs from that of Papunen et al. 
(1989) but both models may be needed to 
compile a more detailed and true model of the 
Taivaljärvi deposit structure. 
 
 
 
 

 
 
Figure 8. 
A model for the fold structure postulated to contro l 
the Taivaljärvi deposit.  
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The above model is based on spatial statistics with interpolation and extrapolation. 
There is no geological outlining or wire-framing included. Interpolation parameters as 
well as the block size were chosen to improve the chance of identifying layers that, 
according to Papunen et al. (1989), differ both in mineral composition and in 
chemistry. Banding is obvious but layered structures could not be identified and 
followed within this study. This block model cannot be used for resource estimates 
due to the purpose-oriented features. 
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Appendix 3. 
Taivaljärvi Deposit Geometry 

 
 
Deposit geometry as defined from measured structural elements is usually 
different from one defined by geostatistics. A reason is that sample geometry 
seldom corresponds to the deposit geometry. Therefore the small differences 
between measured geometry and interpretations by Parkkinen (2009a, b) are 
natural. Same features are apparent in Figure 2, where major planes (“axial A-B 
planes”) are illustrated by flat ellipsoids. See Appendices 2 and 4. 
 

    
Figure 1. 
Taivaljärvi deposit geometry on a stereographic equ al area lower hemisphere projection. 
Foliation and fold axis are measured qualities, all  others base on geostatistical studies. 

 
Figure 2. 
Major Plane ellipsoids, colours  
As in Fig. 1. 
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Appendix 4. 
Taivaljärvi deposit geostatistics 
 
Figures 2 A-B illustrate differences resulting from different support or different assay 
grouping. In Figs 1A-B variograms show average grade continuity of 1 m Ag- 
composites (A) and 2 m Ag-composites. As appears, 1 m composites show a little bit 
higher nugget value and a little shorter range of influence than 2 m composites. In 
this respect 2 m composites are a better choice for estimating data. Note the hole-
effect: variance depressions at about 10 m intervals. This is in part caused by the 
average sampling density. In other words, sampling should be made denser to fill the 
gaps. Another explanation, probably more important, is that variance drops are due 
to some kind of nugget phenomenon as also proposed by Lappalainen (2007).  
 
Figures 2A-B show differences between the supports or grouping for two non-linear 
variograms. Non-linearity here means that all Ag values >= 10 g/t (case 2A) or all Ag 
values >= 30 g/t (case B), have been assigned the value 100 while all other 
composites have been assigned the value 0.  There is no nugget and sill values are 
low. This makes it easier to interpret figures and safer to use parameters for ID2 -
interpolation. Apparent grade continuity also improves a lot.  
 

  
Figure 1 A.      Figure 1B.     
Omni-directional variogram, 1 m Ag composites. Omni -directional variogram, 2 m Ag 

composites. 

 

      
Figure 2A.      Figure 2B. 
Omni-directional variogram, sub-group >= 10  Omni-d irectional variogram, sub-group 
g/t of silver assay 2 m composites.   >= 30 g/t of silver assay 1 m composites. 
 
 

 Model Type    : Spherical 
  Nugget        : 2184.623280 
  Structure    Sill       Range 
      1     2453.388000    5.013 
      2     2121.384000    7.662 

Model Type    : Spherical

Nugget        : 0.000000
Structure    Sill       Range

1     971.584700    3.476
2     535.296900    8.865

Model Type    : Spherical

Nugget        : 0.000000
Structure    Sill       Range

1     1212.154000    3.776
2     726.474500   20.775

Model Type    : Spherical

Nugget        : 2408.525430
Structure    Sill       Range

1     2408.525000    3.471
2     2792.491000    6.489
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Variogram analysis led to the recognition of the azimuthal direction of 160 and the 
plunge 40 as the best grade continuity direction. This directional trend, though weak, 
can also be detected from the silver composites (Fig. 3A) but it is fairly clear when 
the sub-grouping was used (Fig.3B). But this is not yet enough. If this is the major 
axis of grade continuity (ellipsoid), the two others, the semi-major and the minor axis 
must be found to get parameters for 3D interpolation. In this phase mere silver 
composites appeared useless. The results are in Figs. 4A-B.  
 
 

  
Figure 3A.     Figure 3B. 
Directional variogram of 2 m Ag composites, Directi onal variogram of Ag sub-group >= 30 g/t, 
Direction 160/40, angle 20, lag 7 m. of 1 m composi tes. Direction 160/40, angle 20, 

lag 3 m. 
 

  
Figure 4A.     Figure 4B. 
Directional variogram of Ag sub-group >= 30 Directi onal variogram of Ag sub-group >= 30 g/t, 
g/t, of 1 m composites. Direction 009.5/46, of 1 m composites. Direction 263.2/15.2, angle 20,  
angle 20, lag 9 m. lag 2 m. 
 
 
Put together these axial features (Figs.3B, 4A-B) give following parameters for 3D 
interpolation, Table 1. These values are a bit different from those reported by 
Parkkinen (2008) because this variography was run now. Every run produces slight 
differences and the results are guiding rather than mathematically precise.  See also 
Fig.1 in Appendix 3. 
 
 
 

Model Type    : Spherical
Nugget        : 2184.623280
Structure    Sill       Range

1     2272.794000    6.254
2     3531.406000   25.168

30_160_40_20_3 
  Model Type    : Spherical 
  Nugget        : 0.000000 
  Structure    Sill       Range 
      1     968.577000   10.163 
      2     1160.165000   24.468 

30_263.2_15.2_20_2
Model Type    : Spherical
Nugget        : 0.000000
Structure    Sill       Range

1     607.999700    2.412
2     877.993900    6.503

30_009.5_46_20_9
Model Type    : Spherical
Nugget        : 0.000000
Structure    Sill       Range

1     1316.229000    3.410
2     708.520700   17.349
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Table 1. 
Parameter for 3D interpolation by Surpac. 
 
 

 
 
 
 
 
 
 
 
 
 
 
Similar variography was run separately for data inside the Total Mineralization (or 
“Exploration Solid”). The best result is in Figs. 5-6A-B and in Table 3.  
 

  
Figure 5A     Figure 5B 
Directional variogram of Ag sub-group >= 30 Directi onal variogram of Ag sub-group >= 30 g/t, 
g/t, of 1 m composites, inside Total of 1 m composi tes, inside Total Mineralization. 
Mineralization. Direction 145/55, angle 20,   Direc tion 145/55, angle 20, lag 14 m. 
lag 2 m. 
 

  
Figure 6A     Figure 6B 
Directional variogram of Ag sub-group >= 30 Directi onal variogram of Ag sub-group >= 30 g/t, 
g/t, of 1 m composites, inside Total of 1 m composi tes, inside Total Mineralization. 
Mineralization. Direction 029.7/16.7,   Direction 2 98.8/29.8, angle 20, lag 2 m. 
Angle 10, lag 2 m. 

Surpac Minex Group  Mar 28, 2010
Anisotropy Ellipse Parameters
Orientation
Surpac ZXY LRL
Parameter     Value  
-------------------
Bearing  160 
Plunge    -40
Dip         70 
Anisotropy factors

Parameter  Value  
-------------------------
major / semi-major  1.4  
major / minor            3.7 
Anisotropy Ellipse Parameters

145_55_15_8
Model Type    : Spherical
Nugget        : 0.000000
Structure    Sill       Range

1     1248.649000    4.424
2     535.446100   25.515
3     599.616200   54.458

029.7_16.7_15_8

Model Type    : Spherical
Nugget        : 0.000000
Structure    Sill       Range

1     1698.465000    5.223
2     732.003800   28.243

289.8_29.8_15_8

Model Type    : Spherical
Nugget        : 0.000000
Structure    Sill       Range

1     1256.800000    2.428
2     1215.361000    7.950
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Table 2.     Table 3. 
Variography parameters for 3D  Variography paramete rs for 3D 
modelling inside Total Mineralization.  modelling i nside Control Solids. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figures 5-6 illustrate the effect of search angle (10/20 degrees) and the effect of lag 
choice (2-14 m) in variogram modelling. Final parameters, as calculated by Surpac, 
are in Table 2. These parameters were used for the interpolation of the group Ag >= 
30 g/t inside Total Mineralization. The resulting block model was used to create 
probability isosurfaces. These were use to model Control Solids independently from 
all earlier modelling work.  
 
Variography inside Control Solids produced parameters in Table 3. These were used 
for the ID2 interpolation of silver inside Control Solids. The resulting resource 
estimate is in are in Table 12, Chapter 17.3. See also Appendix 6. 
 

VARIOGRAM MODELLING  29-Mar-2010
Current anisotropy parameters
-----------------------------

Ellipsoid plunge : -54.999999
Ellipsoid bearing: 145.017434
Ellipsoid dip    : 30.000000
major:semi-major : 1.9
major:minor      : 7

Current variogram model parameters
----------------------------------

Model Type    : Spherical
Nugget        : 0.000000
Structure    Sill       Range

145_55
1     1248.649000    4.424
2     535.446100   25.515
3     599.616200   54.458

029.7_16.7
1     1698.465000    5.223
2     732.003800   28.243

289.8_29.8
1     1256.800000    2.428
2     1215.361000    7.950

VARIOGRAM MODELLING 02-Apr-2010
Current anisotropy parameters
-----------------------------

Ellipsoid plunge : -30.000000
Ellipsoid bearing: 175.000000
Ellipsoid dip    : 65.000000
major:semi-major : 2.5
major:minor      : 7

Current variogram model parameters
----------------------------------

Model Type    : Spherical
Nugget        : 2700

175_30
1     4998.584000   19.333
2     11207.590000   28.085

038_51.7
1     22016.220000   11.787

278.1_21.5
Structure    Sill       Range

1     20978.170000    3.705
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Appendix 5. 
Comparison of Resource Models  (See Chapter 17)  
 
 

1 Mineral Resource Model by Tuokko (1991) 
 
Ilkka Tuokko worked as a geologist of the Taivalhopea JV, a joint venture of Kajaani 
Oy (later Yhtyneet Paperitehtaat Oy) and Outokumpu Oy. His resource estimate was 
the last one for the Taivalhopea JV. In earlier estimates the deposit was understood 
to be comprised of relatively continuous parallel plates but latest drill holes and mine 
decline mapping proved that the deposit enrichments were more like scattered 
lenses. It was also recognized that silver do not correlate well with zinc and lead. 
This was probably one reason to use silver-equivalents instead of silver grades. The 
equivalence formula used was:  
Agek = Ag g/t + 31* Zn % +30* Pb % + 60* Au g/t. 
 
Tuokko started by producing drill hole intersections exceeding certain thickness and 
cut off –values, on east-west profiles at 20 m intervals with the help of Minenet 
software (a product developed by Outokumpu Oy). He then outlined “ore polygons” 
in sections and classified them according to cut off limits and layer horizon (A, B, C, 
D). Polygonalisation followed layer structures. All polygons were fed into Minenet 
and a resource estimate was calculated so that the range of each polygon was 
extended orthogonally to the section plane halfway to the next section. In this 
process each lens, starting from a polygon, got an independent volume and 
independent grade. Lenses were then summed up according to cut off grades, 
sections, layer classes, etc. In short, the method was a computerized version of the 
classic sectional area-of-influence estimation method. 
 
In the mineral resource report Tuokko used two sets of Agek cut offs. For resources 
targeted to be open pit material (above -70 m) he used Agek values 135 g/t (“high 
grade ore”) and 80 g/t (“low-grade ore”). For resources targeted to underground 
mining (below -70 m) he used Agek cut off grades 220 g/t and 140 g/t, respectively. 
Before equivalence calculations Tuokko applied the upper cut off grade of 700 g/t for 
silver assays above 700 g/t and the upper cut of grade of 9.9999 % for all zinc and 
lead values above 10 %. Tuokko used the value of 2.8 g/cm3 as specific gravity. 
 
Tuokko’s classification was based on drilling density and estimated geological 
continuity: 
Measured Mineral Resource : Fragments with clear continuity, drill hole 

intersections at <= 20 m intervals; 
Indicated Mineral Resource : Fragments with probable continuity, drill hole 
 intersections at 20 to 40 m intervals; 
Inferred Mineral Resource : Fragments with possible continuity,  
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Table 1. 
Mineral Resource Estimate by Tuokko, 1991. 
 

Taivaljärvi Mineral Resource (Tuokko, 1991), modifi ed by Parkkinen 2010

Tn(*1000) Ag g/t Zn % Pb % Au g/t Agek g/t
“High-Grade” Open Pit
Measured 263 147 1.01 0.56 0.57 229
Indicated 57 108 2.02 0.67 0.24 205
Inferred 12 79 2.50 0.80 0.27 197
Total 333 138 1.24 0.59 0.50 224

"High grade" Undergound
Measured 342 260 1.77 1.04 0.94 402
Indicated 134 192 1.45 0.72 0.90 313
Inferred 328 190 1.37 0.63 0.42 277
Total 804 220 1.55 0.82 0.72 336

"High grade" Open Pit + Underground
Measured 606 211 1.44 0.83 0.78 327
Indicated 191 167 1.62 0.71 0.70 280
Inferred 340 186 1.41 0.64 0.41 274
Total 1137 196 1.46 0.75 0.66 303

"Low grade"
Measured 1230 145 1.12 0.57 0.50 224
Indicated 312 149 1.32 0.67 0.64 248
Inferred 710 159 0.85 0.46 0.37 221
Total 2252 150 1.06 0.55 0.48 228

Taivaljärvi Mineral Resource summary:
Measured 1836 167 1.23 0.66 0.59 258
Indicated 503 156 1.43 0.69 0.66 260

Grand Total 2339 164 1.27 0.66 0.61 258

Inferred 1050 168 1.03 0.52 0.38 238  
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 2 Mineral Resource Model by Lappalainen (2007)   
 
Markku Lappalainen prepared the first NI 43-101 report on the Taivaljärvi Property in 
2007. He collected all drilling data, reviewed it, and conducted a preliminary QC/QA 
program to ensure sample representativeness and to confirm analytical results from 
drilling. In short: he first audited the Property data and then prepared a mineral 
resource estimate using modern computer technology (Surpac Vision 5.2), for details 
see Appendix 1.  
 
In Lappalainen’s words: 
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Lappalainen created 3D solid models to envelope mineralization with silver grade >= 
50 g/t and with width >= 3m in core orientation. Solid construction occurred from 
polygons in northing sections at 20 m intervals. As results, altogether 26 separate 
solids were created, the topmost three of them from surface drill holes as well as the 
lowest ones below -450 m level. He used altogether 42 surface holes and 135 
underground holes to construct the grade model. 
 
Lappalainen used 2 m down hole composites constrained inside 3D solids. 
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He applied top cut of silver to 550 g/t, of zinc to 28000 g/t, and of 
lead to 17350 g/t.  
 
Hence Lappalainen made following basic definitions before advancing in resource 
modelling: 

1. Only assays with silver grade > 50 g/t were taken into account. 
2. Only core lengths of >= 3 m were taken into account. 
3. All further work was constrained by solids created to envelope the 

mineralization defined by definitions 1 and 2. 
4. All geostatistics based on 2 m silver grade composites inside the solids. 

Thus the resource estimate and the resource classification only concerned material 
inside the solids. 
 
Lappalainen’s semi-variogram analysis showed a short-range structure of 6 m and a 
more continuous range of 20 m. He interpreted that the short range represents grade 
continuity related to high grade vein material while the longer range represents grade 
continuity in low-grade disseminate halo. There are no visual nor numerical reports 
on his variography. 


Lappalainen constructed a block model with parent block size of 2 mE x 10 mN < 10 
mZ and with sub-block sizing of 0.5 mE x 2.5 mN x 2.5 mZ. He then used ID2 to do 
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interpolation inside solids. He used isotropic interpolation first with 10 m search 
sphere radius (and 5 to 15 samples per block), then with a 20 m radius (5 to 15 
samples), and finally with a 40 m search radius (3 to 10 samples). Not mentioned in 
his report, but files of his working archives indicate that he used the following Surpac 
parameters: First axis (Bearing) = 180, Second Axis (Plunge) = 65, Third Axis (Dip) = 
-50. 
 
Lappalainen emphasized that his resource model relies on the assumption that the 
deposit is of VHMS type. If it were of epithermal type, then a model less relying on 
grade continuity should be applied. 
 
Lappalainen classified the Mineral Resources: 
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Indicated Mineral Resource: � )����
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Inferred Mineral Resource: @��	���
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Table 2 . 
Summary features of Lappalainen’s Block Model. 
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�
Figure  1. 
Taivaljärvi silver-zinc-lead-gold deposit, classifi ed mineral resources 
(looking west). Lappalainen 2007. 
 
 
 

 
 
Table 3.   
Lappalainen’s (2007) Mineral Resource Estimate with  his remarks. 
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 3 Mineral Resource Model by Parkkinen (2009a) 
 
 
In his report, Parkkinen entirely relied on the preparatory work done by Lappalainen 
(2007) and concentrated in geological modelling and estimation problems to 
establish possibilities of enlarging the total volume of the Taivaljärvi Deposit and to 
help point targets for future drilling. 
 
Parkkinen first run non-linear and global directional variogram analyses for main five 
elements, Ag, Pb, Zn, Mn and Cu using a table with 1 m assay composites. The non-
linear method resembles indicator variogram analysis in that composite values equal 
to or above a cut off grade are given the value of 100 while values below the cut off 
grade get the value of zero. The purpose is to find continuity rules for domains or, as 
in this case, mineralization types (Parkkinen 2008). The deposit appeared to be 
structurally complex. However, for silver (domains with cut off grades of 10 g/t and of 
30 g/t), zinc (3000 g/t) and lead (1500 g/t) the results looked promising as the major 
axes plunged rather similarly (Ag 160/40, Zn 165/45, Pb154/65) and the main axial 
planes were equally close to each other (Ag 084/75, Zn 075/90, Pb 064/85). On the 
other hand, longest ranges of grade continuity varied from Ag 24 m to Zn 71 m and 
Pb 31 m. 
 
Parkkinen then defined a block model identical to that by Lappalainen (2007). He run 
global interpolations for silver domains >= 30 g/t Ag, >= 50 g/t Ag and >= 100 g/t Ag 
using ordinary kriging and using parameters defined for them. Interpolations resulted 
probability models ranging from 0 to 100 %. Block model 50 % isosurfaces of the two 
last ones were used as pre-forms for solid construction (Fig. 2). For reference 
another interpolation for silver (cut off grade 30 g/t Ag) was run using anisotropic ID2 
and above parameters.  
 
Mineralized bodies (solids) were outlined by simultaneously using drill core 
information and sectional silver-isoline cuts of above isosurfaces at 10 m intervals 
between vertical northing sections Y=11100 and Y=11640. Assay-based values for 
above 5 elements were then interpolated from 1 m composites by a three-round ID2,  
first with a 40 m search sphere, then with a 20 m search sphere and, finally, with a 
10 m search sphere.  
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Figure 2. 
Section Y=11500. 50% isolines of Zn (>= 3000 g/t) b y cyan colour and 50 % isolines of Ag 
(50 g/t- (red) and 100 g/t-(magenta); Final solid-c onstrained blocks for Ag >= 30 g/t,  
colours: 30-50 (blue), 50-80 (green). Drill core sa mples >= 50 g/t Ag by red colour.  
 
 
The resource estimate by Parkkinen contains results of the ID2 -interpolation inside 
solids outlined according to northing drill core intersections at 10 m intervals and with 
the help of global and non-linear geostatistics of silver. For silver also a 550 top cut 
was used, for other elements no top cutting. Gold estimates were based on original 
assay values without compositing because gold was not assayed regularly as other 
elements. For this reason the including of gold in measured and indicated resource 
is not appropriate.  
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Table  4.  
Mineral resource estimate by Parkkinen 2009a.  
 
 
Parkkinen classified the Mineral Resources in three cut off categories according to 
silver cut off grades of 30, 50, and 80 g/t. Block values were based on a minimum of 
3 samples and a maximum of 15 samples within search ranges of 40, 20 and 10 m. 
 
Measured Mineral Resource: Blocks inside solids modelled with at least two drill 

holes and with an average distance of 0-10 m from 
the nearest samples to blocks.   

Indicated Mineral Resource:  Blocks inside solids modelled with at least two drill 
holes and with an average distance of 10-20 m 
from the nearest samples to blocks.   

Inferred Mineral Resource:  Blocks inside solids modelled with at least two drill 
holes and with an average distance of 20-40 m 
between samples and blocks. In addition: blocks 
inside solids defined only by one drill hole or inside 
solids otherwise uncertain, and with an average 
distance of 0-40 m from the samples to blocks. 
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Figure 3. 
Vertical E-W image of Classified Mineral Resources by Parkkinen 2009a. 
 
 
 
 
 4 Mineral Resource Model by Parkkinen (2009b) 
 
The procedure for this second approach was in principle similar to the previous one 
but with technical differences as shown by bolded figures in Table 10 in Chapter 17. 
Parkkinen outlined “exploration solids” meaning that sample gaps, where drilling 
density is low or where drill cores were not sampled, were not necessarily avoided or 
circled as in normal solid creation process. In cases, where geological continuity 
could be assumed, he allowed missing data and relied on the non-linear interpolation 
of silver > 30 g/t Ag. Geostatistical parameters for this interpolation were slightly 
different from those of Parkkinen (2009a), due to changes in the data support. The 
same parameters were then used to interpolate values inside the solids using only 2 
m composites inside the solids.  
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Parkkinen then classified the mineral resource in a way that, in my opinion, does not 
follow the NI 43-101 principles. There are no resources that can be classified as 
measured or indicated but the whole contents of the “exploration solids” must be 
handled at best as inferred resource as shown in Table 5.   
 
Table 5 gives a chance to compare two estimation parameters, Average Distance (to 
the nearest sample) and Variance. It seems that silver variance corresponds to the 
distance in a way roughly: 10 m ~ V. 850, 20 m ~ V. 2000, 30 m ~ V. 2900.  
 
 

 
Table 5. 
Mineral Resource Estimate by Parkkinen, 2009b. 
 
 
The shape and size of the “Exploration Solids” is shown in Fig. 4A.  Fig. 4B shows 
space inside the solids where average distance to the nearest samples is above 20 
m. These red coloured areas are obvious targets for future drilling. Figs. 5-6 illustrate 
shape and size differences and similarities between different models in cross 
sections. 
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Figure 4 A, B. 

A. Taivaljärvi “Explorations Solids” looking toward s NE. 
B. Taivaljärvi block model of average distances ins ide “Exploration Solid”, looking 

towards NW. Red colour: Distance > 20 m. 
 
 
 

5  Visual Comparisons of Resource Models  
 
Vertical cross sections of four different and independent resource models are shown 
in Figures 5-6. They also illustrate the practical differences and similarities in the 
procedures by Tuokko, Lappalainen and Parkkinen.
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Figure 5. 
Interpretations by Tuokko (1991), Lappalainen (2007 ) and Parkkinen (2009, 2009b) of silver 
grade distributions in section Y = 11560 of the Tai valjärvi deposit. Block colours according to 
the legend. 
 
 
 
 

 
Figure 6. 

Interpretations by Tuokko (1991), Lappalainen (2007 ) and Parkkinen (2009, 2009b) of 
6silver grade distributions in section Y = 11320 of  the Taivaljärvi deposit. Block colours 
according to the legend.  
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Appendix 6. 
Resource Model Checking 2010  
 
The starting point was “Exploration Solid” (Parkkinen 2009b), now named Total  
Mineralization  (here TM) that roughly envelopes deposit bodies with silver >= 30 g/t. 
Variography inside TM gave parameters for block modelling (Table 2, Appendix 4.). 
Solid modelling, based on probability isosurfaces of the block model and on drill core 
intersections, was then run to outline areas with Ag >= 50 g/t on vertical sections at 
20 m intervals, in other words, on drilling profiles. The resulting 65 solids were called 
Control Solids . As done with other modelling procedures, these solids could have 
been extended to the middle between the last mineralized profile and the first barren 
one. Then the total volume would have been 10-20 % larger than the presently 
estimated 1 Mt (Table 13, p-37). 
 
Another round of variography was then run inside Control Solids. Resulting 
parameters (Table 3, Appendix 4) were then used for an ID2-interpolation inside 
Control Solids. The resulting resource estimate is in Table 12, Chapter 17.3. 
 
Figures 1A-C illustrate relations, similarities and differences between solid resource 
models treated in this report. 
 

   
Figure 1. A    B    C 

A. Total Mineralization (pink) and the solid model of  Lappalainen, 2007 (orange). 
B. As in A and the solid model of Parkkinen, 2008 (bl ue). 
C. As in A and the control solid model of Parkkinen, 2010 (green). 

Remark: A and B include inferred resource solids bu t C includes only measured-indicated 
resource solids. Red stick shows the general fold a xes plunge. Grey plane is along Y = 11250. 
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Appendix 7.  
Assay tables from Tuokko (1991), Mine decline sampl ing  
 
Table 1. Assays from the Taivaljärvi mine decline.  
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Table 2. 
Assays from the Taivaljärvi mine decline, research tunnel, north wall. 
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Table 3. 
Assays from the Taivaljärvi mine decline, research tunnel, south wall. 
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Appendix 8. 
Assay tables from Papunen et al. (2009).  
 
 
Table 1. 
XRF assays from Taivaljärvi drill holes. 

 
 
 
Table 2. 
XRF assays from Taivaljärvi surface samples.  
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Appendix 9. 
Process mineralogy by Outokumpu Oy, Häkli et al. 19 85 
 
 
Table 1. 
Assays of Taivaljärvi drill core section samples.  

 
 
 
Table 2. 
XRF assays of Taivaljärvi drill core section sample s. 
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Table 3. 
Mineral composition of drill core section samples a s calculated from rock and mineral 
chemistry.  

 
 
 
Table 4.     Table 5. 
Composition of Dyscrasite.   Composition of Freiber gite. 
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Table 6.     Table 7. 
Composition of Pyrargyrite.   Composition of Freies lebenite.  

  
 
 
 
Table 8.      Table 9. 
Composition of metallic Silver.   Composition of me tallic Antimone. 

  
 
 
 
Table 10.      Table 11. 
Composition of Galena.    Composition of Sphalerite . 
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Appendix 10. 
Research reports on Taivaljärvi deposit, Kopperoine n (19  ) 
 
 
Taivaljärven tutkimuksiin liittyviä raportteja ja m uita viitteitä: 
-Taivaljärven esiintymän teknillistaloudellinen kannattavuusselvitys/ Pekka Eloranta ja Jyri 
Liimatainen 1985. Helsingin teknillinen korkeakoulu, Vuoriteollisuusosasto, louhintatekniikan 
laboratorio.  
-Taivaljärven malmiesiintymä. 6.32.125. Kaivossuunnittelu 23.4.1986/ Esko Pystynen ja 
Pauli Syrjänen. 
-Taivaljärven tutkimusvinotunneli. Diplomityö 5.6.1986/ Jyri Liimatainen. 
-Rikastuskokeet /Helena Yrttimaa. 
-Louhintalaatu 20.11.1989/ Jukka Pukkila (Taivaljärven tunneli yhtenä esimerkkinä). Oulun 
Yliopisto, Geofysiikan laitos 
-Sotkamon Taivaljärven Zn-Pb-Ag-mineralisaation geofysikaaliset tutkimukset. Pro 
Gradututkielma/ Arja Pajunpää 1984. 
-Taivaljärven malmiesiintymän kannattavuustarkastelu 10.1.1985/ Eero Rauhanmäki. 
-Taivaljärven malmiesiintymän kannattavuustarkastelu 29.8.1985/ Jouni Reino. 
-Taiväljarven Ag-Zn-Pb-esiintymä. Kannattavuustarkastelu 9.1.1987/ Jouni Reino. 
-Taivaljarven Ag-Zn-Pb-esiintymä HIGH GRADE-osan hyödyntäminen. Suuntaa antava 
kannattavuuslaskelma 27.5.1988/ Jouni Reino. 
-Taivaljärvi. Kannattavuustarkastelu 15.4.1991/ Outokumpu Mining Services. Suomen Malmi 
Oy 
-Kairausreikien sivusuuntamittaukset Sotkamon Hiidenportissa toukokuussa /Tero Laurila. 
-Kairausreikien sivusuuntamittaukset Sotkamon Hiidenportissa syyskuussa 1990 /Ihalainen. 
-Kallion jännitystilamittaukset Taivaljärvellä syyskuussa 1990/ Arto Julkunen. Taivalhopea, 
Yhtyneet Paperitehtaat Oy 
-Taivalhopea. Geologiset tutkimukset ja mineraalivarantoarvio 8.2.1991/ Ilkka Tuokko. 
Terraplan Oy 
-Sotkamo Tipasoja, Taivaljärven tutkimustunnelilinjan seisminen luotaus 6.2.1986/ Matti 
Ihalainen Valtion teknillinen tutkimuskeskus, Mineraalitekniikan laboratorio 
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Appendix 11 
QC/QA Results (Lappalainen 2007) 
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Tables 1-2.  
QC/QA results. 
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Figure 1. 
QC/QA results of 69 samples analyzed by GTK in Nov 16 2006. 


