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Abstract 

The objective of this work was to describe the lithology and structures of the Jaakonlampi area of 

the Siilinjärvi alkali complex, eastern Finland. The research area is located directly north of the 

currently mined Särkijärvi open pit of the Siilinjärvi apatite mine.  A drilling project to increase the 

knowledge on the phosphorus-bearing mineralization in the Jaakonlampi area was commenced in 

2014. The defined lithological units and structural model were based on field observations and Yara 

Siilinjärvi Mine’s geological database and employed in resource estimation on the Jaakonlampi 

area.  

The Jaakonlampi area consists of carbonatite, silicocarbonatite, carbonate-glimmerite and 

glimmerite, with fenite xenolith-bearing margins in contact with metasomatically produced fenite 

halo. A regional NE-SW-trending shear zone affects the northern part of the Jaakonlampi area. The 

alkali complex is cut by Svecofennian mafic and intermediate dikes, with varying age and 

composition. A previously unknown felsic pegmatitic dike was identified from the northwest part of 

the Jaakonlampi area. Four deformation phases were identified in the study area. The use of 

structural geology gives the ore evaluation process a better control over the calculation parameters 

in different areas, as all the lithological domains are affected by regional and local faulting and 

shearing.  
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1. Introduction 

 

The objective of this work is to describe the lithology and structures of the Jaakonlampi area of the 

Siilinjärvi alkali complex. The Jaakonlampi area is located just north of the currently operating 

Särkijärvi open pit of the Siilinjärvi apatite mine (Fig. 1). The Särkijärvi open pit is 3 km long, 750 

m wide and 250 m deep (Fig. 2). The Saarinen satellite pit is located 5 km north of the main 

Särkijärvi open pit (Fig. 3).  

The Siilinjärvi apatite mine produces almost 1 Mt of apatite concentrate per year. In 2015, the 

amount of extracted ore from the Särkijärvi and Saarinen open pits exceeded 11 Mt. 85 % of the 

apatite concentrate is processed on site at the Siilinjärvi factories to produce phosphoric acid and 

fertilizers. 15 % of the concentrate is shipped to company’s other factories. By-products include 

mica and calcite concentrates. Since 1979, the Siilinjärvi mine, the currently only phosphorus mine 

in Western Europe, has extracted more than 400 Mt of rock including 270 Mt of ore.  

The operating company Yara Suomi Oy which is 100% owned by Yara International ASA has 

commenced an extensive infill and exploration drilling program covering approximately 30 km of 

diamond drilling per year. The previous operators in the area had done in many places sparse and 

shallow drilling. One of the goals of the drilling projects is to improve the knowledge on the 

lithological units and structures controlling the location of the mineralization. With these 

improvements, the prognosis on production can be more reliable. The Särkijärvi open pit area was 

drilled in 2012 - 2014 and the Jaakonlampi area was the next target starting in November 2014. 

Mine optimization has been made until 2035, with the estimated average in situ grade being 4.1 

wt.% of P2O5.  

The lithological and structural interpretation in this work is based on drill core data and field 

observations. The detailed modeling of different lithological domains inside the ore body as well as 

the internal waste rock is essential in resource calculation and mine planning. Modeling was also 

made on the structures and waste rock outside the ore domains as they are vital in understanding the 

continuation of the mineralization and provide background information for determining the 

calculation parameters for mineral resource estimation. The lithological domains can then be used 

as hard boundaries in the ore evaluation process. The data used in modelling included Yara 

Siilinjärvi Mine’s geological database and field observations from previous years completed in 

autumn 2015. 
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Figure 1. The Särkijärvi open pit from north to south. 

 

Figure 2. (A) Location of the Jaakonlampi area with respect to the current open pit operations. (B) 

Topographic map of the study area. 

(A) 
(B) 
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2. Exploration history and geology of the Siilinjärvi alkaline complex 

 

The Siilinjärvi alkaline complex is located in eastern Finland 20 km north of Kuopio and 5 km west 

of the Siilinjärvi village. The first hints on the existence of the Siilinjärvi alkaline complex were 

obtained when the Geological Survey of Finland received a calcite-rich rock sample from a local 

layman in 1950. Lohjan Kalkkitehdas Oy was the first company to investigate the provenance of the 

sample in 1958-1960. Typpi Oy 1964-1967 and Apatiitti Oy 1967-1968 continued the 

investigations after apatite was found in calcite. Puustinen (1971) was the first to make scientific 

research on the Siilinjärvi alkaline complex. The mining started in 1979. Härmälä (1981) made his 

Master’s thesis on the mineralogy of the Särkijärvi area and the process mineralogy of the 

Siilinjärvi apatite ore. The bedrock of the area consists of Archaean rocks of the Iisalmi granite 

gneiss area. The alkaline complex comprises a carbonatite body and surrounding fenites. The 

carbonatite body forms a steeply dipping, N-S-trending lens. The known length of the alkaline 

complex is 16 km and its maximum width is 1.5 km, while the maximum width of the glimmerite-

carbonatite unit at the Särkijärvi open pit is 900 m. 

The age of the Siilinjärvi alkaline complex is 2610 ± 4 Ma (Kouvo 1984), which makes it one of the 

oldest known carbonatites in the world. After Sokli,  it is the second largest carbonatite complex in 

Finland. The carbonatitic rocks are located in the center of the complex. Surrounding the 

carbonatites are fenites, which present a metasomatic alteration halo of the carbonatite intrusion. 

Apatite is evenly distributed inside the carbonatite complex between the carbonatite-glimmerite end 

members. Carbonatites and glimmerites are mixed and the rock composition varies from pure 

glimmerite to pure carbonatite, with well-developed sub-vertical to vertical lamination (Fig. 4) 

(O’Brien et al. 2015). Compared to Sokli, the parental magma of the Siilinjärvi complex is 

moderately evolved (O’Brien et al. 2015) 

According to Lukkarinen (2008), Paleoproterozoic diabase and diorite dikes cut the alkaline 

complex (Fig. 4.). The cutting nature of the dikes can also be observed from the walls of the 

Särkijärvi open pit. 

Puustinen (1971) and Härmälä (1981) suggest that the carbonatite has intruded into a N-S-trending 

fault. More recent research suggests that the Siilinjärvi carbonatite complex may represent  

carbonatitic magmatism in a crustal magma chamber underlying a volcanic edifice (O’Brien 2015). 
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Figure 3. (A) Geological map of the Siilinjärvi carbonatite complex. (B) Enlarged part showing the 

Särkijärvi open pit area. 
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Figure 4. Photograph of the southern wall of the main open pit, showing alternating glimmerite-carbonatite 

bands and cross-cutting diabase dikes (Photo by Mikko Suikkanen, Yara Suomi Oy). 

3. Research material and methods 

 

Drillcore data for this work were provided by Yara. These data were mostly gathered during the 

Jaakonlampi drilling project (Figs. 5, 6) in between November 2014 and December 2015, though 

some previously drilled holes were also included in the dataset. The drill cores have been logged in 

Yara’s drillcore shed. The logging has been done with “DataLogger”-software tailored for Yara. 

Yara’s logging procedure includes lithological, structural and rock quality parameters all logged in 

detail with emphasis on the minerals and structures recognized as vital for mine planning and 

production optimization. Oriented drill core data were gathered from some of the holes in areas 

from where more detailed structural information was needed. The employed oriented sample 

collection method was Reflex ACT II. 

Most of the drilling done during the project was carried out by a BQTK (core diameter 40.7 mm) 

drilling equipment, while a NQ (core diameter (45.1 mm) drilling equipment was used when there 

was a reason to expect difficult rock conditions, e.g. shear zones or fractured rock. The drilling 
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contractor was Oy Kati Ab. A total of 134 drillcores were available, reaching 28935.7 m in total 

length. 

Field mapping was done in the project area in August and September mostly by  Yara’s project 

geologists. The lithological observations were recorded with high-precision GPS instruments. Some 

areas which were previously excavated for building work had been mapped previously. 

3D-modelling was done by using Geovia’s Surpac mine planning software. Implicit modelling with 

Leapfrog software was used in modeling as a test. Interpretations made with implicit modeling had 

some impact on the outcome of the traditional 3D-modelling. 

 

Figure 5. Some of the drilling needed to be done on top of lake ice (Photo by Heli Hevonoja, Yara Suomi 

Oy). 
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Figure 6. Jaakonlampi study area with drillholes used in this work. Length of the study area is 1500 m. 

Drillhole spacing is 80m.  
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4. Geology of the Jaakonlampi area 

4.1 Glimmerite-carbonatite 

The apatite-bearing rock types are classified as shown in Table 1. 

Table 1. Glimmerite-carbonate series classification after Puustinen (1971). 

Rock type Amount of carbonate (%) 

Glimmerite 0-10  

Carbonate glimmerite 10-25 

Silicocarbonatite 25-50 

Carbonatite >50 

 

Carbonatite occurs as thin, subvertical veins in glimmerite, with the veins being concentrated 

towards the center of the intrusion (O’Brien et al. 2015). The glimmerite consists of 

tetraferriphlogopite. The main minerals in carbonatite are calcite and dolomite. The composition of 

the end members remains homogeneous throughout the carbonatite complex. The average 

composition of the ore is presented in figure 7 Glimmerite and carbonate glimmerite are the most 

common ore rock types in the carbonatite complex (Fig. 8). Apatite concentration varies, being 

usually 5–10 %. The color of carbonate ranges from white to pinkish, with a greenish tint 

dominating when apatite is present. Massive glimmerite is more common in the eastern and western 

margins of the deposit. In carbonatite, the apatite concentration can practically vary from 0–25 %. 

When apatite concentration is more than 25 %, the rock is called apatite rock. The grain size of 

apatite varies from the general range of 1–5 mm up to several tens of centimeters in apatite rock 

(Sattilainen 2015). In glimmerite, pegmatitic phlogopite with phlogopite leafs >50 mm in diameter 

can be found. Bluish amphibole-rich rocks with 50 modal % of richterite can also be encountered 

among the carbonatite-glimmerite series rocks (Puustinen 1972).  

The glimmerite and carbonatite units in the Jaakonlampi area are consistent with the Särkijärvi open 

pit, with carbonate-rich rocks occurring in the middle and phlogopite-bearing glimmerite to 

carbonate glimmerite units at the margins. The analogy is disturbed by overlapping deformation 

structures in the middle of the Jaakonlampi area. The deformation is distinguished by sinistral 

folding of glimmerite units along with a NW-SE-oriented fault and shear zone. The carbonate unit 

is cut at least into two separate parts separated by glimmerite and carbonate glimmerite. The 

extensive deformation of the carbonatite unit might have resulted in a set of mega-boudinages. The 

shear zone is characterized by a high amount of fenite xenoliths and introduction of apatite-poor 
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glimmerite (“repolainen”) inside the ore zone near its eastern contact. In shear zones, 

tetraferriphlogopite is altered to biotite and chlorite (O’Brien et al. 2015). 

In 3D modelling, the litological domains have been divided between glimmerite (0-10 % CO2) and 

silicocarbonatite–carbonatite (>25% CO2). The purpose of this domaining is to create hard 

boundaries for ore evaluation process. Hard boundary is used to constrain the highly variable CO2 

and P2O5 concentrations between the units to avoid over- or underestimation of values. Also 

modeling clearly separated domains is helpful in creating a structural model for the deposit. 

 

Figure 7. Average composition of ore after O’Brien et al. (2015). 
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Figure 8. Glimmerite and carbonate glimmerite ore with subvertical carbonatite bands (R-608 37.25-48.60 

m, wet) 

4.2 Host rocks 

4.2.1 Fenites 

Fenites are a result of sodium and potassic metasomatism of the surrounding granite gneiss country 

rocks. Fenites consist of a variety of types depending on the altering fluid flux, and the composition 

and distance from the fluid source. The main minerals are microcline, amphibole, and pyroxene. 

Different fenite types also include pyroxene, amphibole, carbonate, quartz, aplitic and quartz-

aegirine varieties (O’Brien et al. 2015). Accessory minerals include apatite, biotite (phlogopite), 

carbonates, sulfides (pyrite and pyrrhotite) and magnetite. Fenites occur both as massive alteration 

halo and as irregular and ellipsoid like xenoliths in both the western and eastern margins of the ore 

body. The xenolith-bearing rock is usually glimmerite or carbonate glimmerite. The xenolith-

bearing margins can be followed on both sides of the ore body up to a shear and fault zone in the 
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northwest part of the Jaakonlampi area. The shear zone has removed the xenolith-bearing western 

margin completely and the surrounding gneiss is in direct contact with the carbonatite ore body.  

The fenites sometimes show marks of shearing though being generally massive. The color of the 

fenites varies depending on the mineralogy. The rocks include gray, feldspar-dominated to green, 

pyroxene-rich variants. Also red, K-feldspar-dominated fenites and more bluish, amphibole-rich 

fenites have been identified. The grain size varies in the range of 1–50 mm. Epidotization and 

carbonatization may occur locally. Feldspar grains are epidotized due to saussuritization. 

Carbonatization of fenites is visible as small carbonate veins at grain boundaries as well as 

carbonate dissemination. In general, fenites represent a heterogenous mass of metasomatically 

altered Archaen gneisses (Fig. 9). 

 

 

Figure 9. Homogenous fenite with some compositional alteration (R-612 80.40- 91.50 m). 

Sometimes fenite can include more than 2% apatite. Apatite occurs then as patches and 

dissemination. Near the carbonatite unit, massive fenite is cut by narrow (10-50 cm) carbonatite-
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apatite veins, which can contain even more than 50% apatite. Glimmerite and carbonate glimmerite 

with ore grade apatite contents occur inside the fenite zone. These are currently interpreted as mica 

veins or inclusions. Fenite-bearing margins of the carbonatite body are a mixture of phlogopite- and 

carbonate-bearing rocks and fenites with varying mineralogy. This rock is locally referred to as 

“sekuli” (sekuli = mixed rock types). The name refers to the mixed and chaotic nature of the rock 

(Fig. 11). According to Härmälä (1981), gneissic fenite is characterized by hollow band structures. 

These band structures are apparently relicts from gneiss before it was metasomatically altered. 

 

Figure 11. “Sekuli” - fenite mixed with amphibole-bearing glimmerite (R-597 286.20-297.35 m). 

4.2.2 Gneiss 

The Siilinjärvi alkaline rock complex is surrounded by Archean granite gneiss (Fig. 12) belonging 

to the Iisalmi granite gneiss area. These gneisses include different kinds of migmatites and 

granitoids (Lukkarinen 2008). The contact between the fenitic alteration halo and the hosting 

Archean gneiss is usually gradational unless affected by faults. The distance of gneiss from 

carbonatite complex varies depending on the local intensity of the alteration. In the northwestern 
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part of the Jaakonlampi area, Archean gneiss can be found directly in contact with the ore body due 

to intense shearing at the western contact. A massive fault has removed the fenite xenolith-bearing 

part of the ore body from the western margin completely. In the Saarinen area of the carbonatite 

complex, similar gneiss contact without fenite halo can be found at the eastern margin of the 

carbonatite complex.  

 

Figure 12. Banded granitic gneiss with varying composition (R-637 29.30-40.15 m, wet). 

 

4.3 Dikes 

4.3.1 Diabase 

Sub-vertical and sub-horizontal diabase dikes cutting the ore body in the Särkijärvi open pit have 

been studied by Sattilainen (2015) in his Master’s project. The diabase dikes cutting the carbonate 

complex are of basaltic composition. The width of the dikes varies from a few centimeters to 

several meters. The orientation of the majority of the dikes is identified as from NW to SE or from 
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NNW to SSE. No detailed study has been carried out but at least three dike varieties have been 

identified so far: calcite-bearing, sulfide-bearing and barren (no calcite or sulfide) (O’Brien et al. 

2015). 

In 3D modeling, the dikes have been divided by their width into two categories: major dikes >5m in 

width, which can be hauled individually, and minor dikes <5m in width  The latter are not taken 

into account in resource estimation as mineable units because they cannot be hauled and are 

therefore taken into account when determining the internal dilution. Visually the diabase dikes can 

be categorized by colour into two subtypes: green type (Fig. 13.) and gray type (Fig. 14.). The types 

resemble each other mineralogically (Sattilainen 2015), but the colour and texture are distinctively 

separating features. The green type is described as porphyritic by Sattilainen (2015). Both types 

bear a distinct ophitic texture and are massive and have undergone a relatively low degree of 

alteration. At contacts to hosting carbonatite, the dikes are at least moderately sheared, containing 

amphiboles and micas instead of pyroxenes and showing a banded texture and foliation instead of 

an ophitic texture. The third dike type categorized as diabase is a light gray type with euhedral 

plagioclase (Fig. 15). These veins are always <5m in width and characterized by their lower density 

than the two other types. The current interpretation is that the low-density dikes represent a 

horizontal dike swarm intruded in a horizontal-subhorizontal crack system similar to more typical 

diabases in the Särkijärvi area  (Sattilainen 2015). Most of the smaller veins <1 m in diameter are 

effectively sheared resulting in a completely altered mineralogy but density measurements suggest 

these dikes should be categorized as diabase. 

Table 2. Diabase dikes categorized by their density value. 

Rock type Average density (g/cm3) 

Low density DB 2.74 

<5m DB 2.85 

>5m DB 3.02 

In the Jaakonlampi area, there are only few major (width >5m) dikes cutting the ore body. The 

southern part is comparable to the Särkijärvi area with 2 narrow NW-SE-trending dikes. The middle 

part contains only some N-Strending dikes with unclear continuities. In the middle, there is also a 

narrow, sub-horizontal dike. In the northern part, a major N-S-trending diabase dike is intruded in 

the center of the ore body.  

Outside the ore body, there is a continuous major diabase dike on the eastern side inside the fenite 

alteration halo. In the northeastern part of the Jaakonlampi area, a massive diabase dike can be 

found near the contact to the ore body. This dike is located in unaltered gneiss. 
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Figure 13. Green type diabase with sheared lower contact to hosting carbonatite (R-539 0-10.70 m). 
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Figure 14. Homogenous gray-type diabase dike with cross cutting carbonate- and quartz-veins (R606 81.30-

92.25 m). 

 

Figure 15. Low-density diabase dike and light, medium-grained plagioclase porphyry with plagioclase 

phenocrysts in a fine-grained groundmass (R606 279.50-284-80 m). 
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4.3.2 Feldspar porphyry dikes 

A narrow feldspar porphyry dike can be traced from the Särkijärvi area up to the Saarinen open pit. 

%). It follows the carbonatite on its eastern side and is cut by the regional NW-SE oriented 

Jaakonlampi shear zone. The width of the dike varies from a few tens of centimeters to few meters. 

The dike is gray with distinct feldspar phenocrysts in a fine-grained felsic groundmass (Fig. 16). 

The feldspar grain size varies from 5–10 mm in length. Depending on location, also some 

orientation can be observed in the feldspar grains due to shearing. Other minerals in the vein 

include biotite, amphibole, and disseminated sulfides (<1   

The porphyry dike seems to follow the main N-S-trending shear zone on the eastern side of the ore 

body. The dike apparently changes its position to the western side of the major carbonate-bearing 

unit on the northern side of the Jaakonlampi shear zone. Also the major N-S-trending shear zone is 

located at the western contact of the carbonatite unit rather than on the eastern side. Therefore, it is 

clear that the porphyry dike is somehow related to the N-S-trending shear of the Siilinjärvi 

carbonatite complex. 

 

Figure 16. Feldspar-porphyry dike with sharp contacts to hosting carbonatite (R599 93.35-98.55m, wet). 

4.3.3 Pegmatoidal feldspar dikes 

A previously unknown variety of cutting dikes was identified during the Jaakonlampi drilling 

program when a felsic, coarse-grained, feldspar-dominated pegmatite dike was intersected. Previous 

researchers had identified these dikes as fenite and the documentation on them was poorly made. 

After reviewing the photographs and descriptions available from earlier drilling programs, it was 

clear that the question was of a completely new set of cutting dikes. The width of the intersections 

varies from less than 1 m to more than 50 m. A boudinage-type structural model for the dikes is 

suggested, but it is still unclear how they are structurally emplaced within the ore body. The dike set 
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is N-S-trending with varying compositions from white/gray, plagioclase-bearing to red, K-feldspar 

dominated types. Locally, intense carbonatization and epidotization are visible (Fig. 17). 

 

Figure 17. Feldspar pegmatite dike with intense epidotization alternating with unaltered rock (R-609 78.60-

88.85 m, wet) 

The currently known extent of the dike set seems to constrain it completely inside the carbonatite 

complex. No intersections of the dike were observed from the surrounding fenites nor gneisses. The 

dike set is currently interpreted to be the youngest lithological unit recognized in the Siilinjärvi 

alkaline complex area. The modal mineralogy of the dikes is presented in table 3. 
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Table 3. Modal mineralogy (MLA analysis) from three samples. The analysis 

Mineral R-592 153,25-154,30 Mineral R597 68,9-70,8  R619 52,8-
55,8 

Quartz 0,044 Albite 32,23 1,50 

K_feldspar 46,937 Albite altered 3,818 0,884 

Plagioclase 44,204 Plagioclase 1,060 1,518 

Richterite 1,078 Si Oxide 0,110 1,421 

Tremolite 0,000 K-Feldspar 1,835 0,543 

Hornblende 0,000 Sodalite 0,368 0,000 

Cummingtonite 0,000 Nepheline 52,135 0,676 

Grunerite 0,001 NaCa Feldspathoid 2,101 5,238 

Hornblende2 0,003 NaKS Feldspathoid 0,524 0,082 

Hornblende3 0,005 Feldspar-Feldspathoid 
(Banalsite) 

0,081 0,003 

Epidote 0,002 Wollastonite 0,085 0,003 

Aegirine-augite 0,001 Na Amphibole (Reibeckite) 0,147 0,000 

Augite_Na 0,001 CaNa Amphible (Hornblende) 0,749 0,058 

Diopside 0,000 Altered Feldspar (Epidote) 0,030 40,272 

Talc 0,000 Garnet (Grossular) 0,021 1,427 

Serpentine 0,000 Garnet (Andradite-Grossular) 0,101 0,044 

Chlorite 0,001 Zircon 0,202 0,000 

Clinochlore 0,008 Chlorite (Chamosite) 0,099 0,173 

Chlorite_Fe 0,006 Muscovite 1,437 41,592 

Phlogopite 3,949 Phlogopite 0,950 0,686 

Phlogopite_mix 0,020 Apatite 1,340 0,032 

Biotite 1,001 Monazite 0,000 0,000 

Muscovite 0,822 Monazite-(La) 0,000 0,000 

Smectite 0,001 Fe Oxide 0,155 0,029 

Fe-Oxide 0,007 NbTa Oxide 0,112 0,000 

Apatite 0,373 NbTa Oxy/hydroxide (Fersmite) 0,040 0,000 

Apatite_Mix 0,066 Pyrochlore 0,150 0,001 

Calcite 1,446 Strontianite 0,003 0,011 

Magnesite_Fe 0,000 Fergusonite(Ce) 0,000 0,000 

Dolomite 0,000 Calcite 0,017 2,284 

Dolomite_Mix 0,001 Calcite 2 0,079 1,339 

Gypsum 0,000 Dolomite 0,006 0,170 

Cassiterite 0,000 Pyrite 0,015 0,003 

Pyrite 0,006 Chalcopyrite 0,001 0,002 

Pyrrhotite 0,002 Sphalerite 0,000 0,001 

Chalcopyrite 0,003 Pentlandite 0,000 0,000 

Sphalerite 0,000 Barite 0,000 0,000 

Pentlandite 0,000 Celestite 0,001 0,002 

Barite 0,003 Unknown 0,000 0,000 

Barite_Sr 0,000 Low_Counts 0,000 0,000 

Celestite 0,000 No_XRay 0,000 0,000 

Rutile 0,000 Total 100,00 100,00 

Titanite 0,000    

Ilmenite 0,000    

Zircon 0,003    

Allanite 0,000    

Baddeleyite 0,000    

Monazite 0,000    

Pyrochlore 0,001    

Celestine 0,000    

Strontianite 0,001    

Fergusonite(Ce) 0,003    

Total 100,00    
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4.4. Structural geology 

4.4.1 Shear zones 

The shear zones have been modelled on the basis of rock mechanical classification and by the visual 

appearance of the drill cores (Fig. 18). The shear zones are classified into three categories 

depending on their mineralogical properties. The classification is needed to determine the amount of 

sheared rock which can be put through the concentrator without affecting the process too much. The 

altered mineralogy in the shear zones is harmful to the concentration process and it needs to be 

controlled in order to maintain product quality. 

The N-S-trending shear zones identified in the Särkijärvi open pit continue towards the north, 

reaching the Jaakonlampi area. The shear zones are affected by regional NW-SE-trending shear 

zone, which can be observed from the regional map as the topography follows this orientation. The 

shear zones have varying alteration rates on the mineralogy depending on the intensity of the shear 

as well as the amount of overlapping deformation phases. Luukas (2012) describes that in the 

Saarinen area, the diabase dikes have altered completely to chlorite schist due to high intensity 

shearing. Inside the NW-SE oriented shear zone, the micas have altered extensively to biotite and 

chlorite. Mylonitic textures can also be observed within the shear zone. Massive to semi-massive 

sulfide was recognized from the most intensively sheared areas. The Jaakonlampi area resembles 

the Saarinen open pit area in shear zone/unaltered rock-ratio.   

 

Figure 18. Intensively sheared carbonate glimmerite in the Jaakonlampi shear zone (R595 110.95- 116.15 

m). 

  



 

21 

 

4.4.2 Deformation history 

Four different deformation phases have been identified in the Jaakonlampi area (Fig 19). 

 

 

Figure 19. The main deformation trends controlling the structures of the Jaakonlampi area. Pink = 

carbonatite unit, blue = glimmerite units. 

D1 is associated with the N-S-trending schistosity dipping 85-90º to the east. Regional large scale 

synclinal folding follows the main schistosity direction with fold axes dipping 20º to the north and 

south. The 20º plunge, which can be observed as lineation in rocks in the Särkijärvi open pit area, 

equals with the fold axis in the regional large-scale folding. The main carbonatite unit with feldspar 

porphyry dikes follow the strike of D1 until they are cut by the D4 plane dipping 45º towards the 

north (Fig. 20). 
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Figure 20. Stereoplot on D1 0/85 schistosities from the southern part of the Jaakonlampi area. 

D2 is related to the NW-SE-trending fault zone with perpendicular fracturing and faulting. The 

megaboudinages of the main carbonatite unit follow this direction, along with the deformation of 

the glimmerite unit (Fig. 21). 
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Figure 21. Stereoplot from a massive fault zone with D2 350/85 and D3 18/85 already overlapping 

each other. 

D3 represents NW-SE-trending shearing. The disappearance of the fenite xenolith-bearing zone and 

introduction of the granitic gneiss in the contact of the carbonatite unit is undeniably related to the 

D3 shearing (Fig. 22). 
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Figure 22. Stereoplot from the northern part of the Jaakonlampi area affected by the D3 18/85. 

D4 is represents W-E-trending faulting resulting in sinistral faults in the Jaakonlampi area. D4 fault 

planes cut the feldspar porphyry dike and the main carbonatite unit. 

All the lithological units are affected by the different deformation phases D1-D4 (Fig. 23) 
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Figure 23. Lithological units in the Jaakonlampi area, following the structures D1-D4. Carbonatite (pink) and 

outlining ore boundary (magenta) in every image (A)-(E). (A) Feldspar pegmatite dike (light blue); (B) 

Feldspar porphyry dike (purple); (C) “Repolainen” – apatite-poor glimmerite (gold); (D) Shear zones 

(green); (E) Diabase dikes (dark gray). 

.  
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5. Conclusions 

 

Lithologically and structurally, The southern part of the Jaakonlampi area is analogous  with the 

Särkijärvi area. The carbonatite and glimmerite units can be followed through the area. The feldspar 

porphyry dike is also a continuous unit on the eastern side of the Jaakonlampi area.  

The massive shear zone on the eastern side of the Särkijärvi open pit continues to the Jaakonlampi 

area with more intense shearing due to the regional NW-SE-trending D2 shear zone. The D3 fault 

should be investigated in more detail since it has a major effect on  the western contact of the 

carbonatite complex in the northwest part of the Jaakonlampi area, which is observable by the lack 

of the fenite xenolith-bearing margin and fenite halo. The classification and nature of the shear 

zones should be further specified in the course of possible mining activities to get better 

understanding of their effect on production and the evolution of the Siilinjärvi alkaline complex.  

The lack of NW-SE-trending, massive diabase dikes is definitive in the area, which is analogous 

with the Saarinen area of the deposit. The reason for their absence remains unclear and needs more 

detailed investigation on the structural evolution of the area. The characterization of diabases by 

their geochemical features should give an idea of the age relationship of the different diabase types. 

The newly discovered pegmatoidal feldspar-dominated dike might yield valuable information on 

the geological evolution of the Siilinjärvi alkaline complex. More research on the dike needs to be 

done when exposed and during possible mining operations.  

The structural geology gives the ore evaluation process a better control over the calculation 

parameters in different areas. Gathering and use of structural data need to be extended in future 

exploration projects. The classification of different mineable domains has proven to be useful in 

producing better estimates on the mill feed. The complex deformation of the Jaakonlampi area and 

the different deformation phases should be reflected on the current idea on the structural evolution 

of the Särkijärvi open pit area.  
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