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1. INTRODUCTION 

 

In the field of exploration geology there is a need for new exploration methods. New 

methods should be easier to perform, lower in cost, and most importantly environmentally 

friendly. Older mineral exploration methods such as heavy mineral and till sampling can 

be difficult and time consuming to perform, for example in deeply weathered areas or in 

swamps. In addition, geophysical ground surveys over extensive areas are expensive. 

Purpose of this study is to investigate the possibility to develop 

biogeochemical/geobotanical methods for cobalt exploration that could be cheaper, easier 

to perform and reliable. 

 

History for geochemical studies in Finland begun already 1930s, but strong foundation 

was laid 1984 when Geological Survey of Finland decided that nationwide geochemical 

study should be conducted (Elo & Koljonen 1992). In that study total of 1057 samples 

were collected, one by every 300 km2. Main method used to analyze samples was aqua 

regia. Partially and totally dissolved solutions, were analyzed with inductively coupled 

plasma atomic emission spectroscopy (ICP-AES) and approximately 40 different 

elements were detected from moraine samples. As a result of that study probabilities of 

occurrences for new ore deposits in certain areas was estimated and new exploration 

targets were determined. 

 

There are previous studies from around the world trying to test similar hypothesis and 

results have been promising. For example, in Finland Aarnisalo (1981) and Pulkkinen et 

al. (1989) have studied biogeochemical exploration methods. In these studies plants have 

been collected either along profiles or over wider areas, but results have not been 

represented that accurately. In this study the aim is to determine how different elements 

become concentrated in various plants. Before, individual elements have not been 

examined this closely nor from so many different plants. In this study we are exploring 

possibilities to develop biogeochemical exploration method for cobalt (Co). In addition, 

also behaviour of copper (Cu), arsenic (As), zinc (Zn), cadmium (Cd), and selenium (Se) 

are examined closely. 
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Total of seven different exploration methods for eight different samples were used. From 

these seven methods, four is based on soil samples, one method was performed for five 

different plant samples and two different methods for two different type water samples. 

Study took a place over Jouhineva sulfide deposit which is located near Rautio village. 

This area was chosen because it hosts previously known polymetallic Co-Cu-Ag-Au 

deposit.  

 

2. GEOLOGIC SETTING AND BACKGROUND 

 

Study took a place at old Jouhineva test mine which is located near the Rautio village, 

North Ostrobothnia. This area was chosen because of the presence of previously known 

deposit with high concentrations of multiple metals such as Au, Ag, Co and Cu. In 

addition, Jouhineva is relatively small deposit and therefore planning and executing 

sampling profiles is quite straight forward. According to European Cobalt 

(https://www.europeancobalt.com/jouhineva-co-cu-au) and Isohanni (1984) some high-

grade intersections include: 1.95 % for Co for length of 1.7 m from drillhole KJ-JO-057 

and 7.67 % for Cu for length of 1 m from drillhole KJ-JO-031. Extremely high Co levels 

(up to 5.63 %) have also been found but for shorter intervals. The Jouhineva sulfide 

deposit was test mined in 1990´s. 

 

2.1 Geology and landscape 

 

Jouhineva area is part of Central Ostrobothnia supergroup that is bordering Central 

Finland granitoid complex. The main rock type in the study area is mafic volcanic rock 

and it is part of the Sievi formation (GTK 2022). The ore itself is located close to the 

contact between Rautio schist belt and Rautio batholite on the side of schist belt. 

Jouhineva deposit has been studied since 1980s by Outokumpu Oy and deposit has been 

proved to have high concentrations of Co, Cu, Au and Ag (Isohanni 1984). The orebody 

itself runs in NW to SE direction (Figure 1) and dips to the SW direction (Taipale 2015). 

Hanging wall of the ore is the SW side of the ore (Figure 2) and footwall side is the NE 

side of the ore (Isohanni 1984). 
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Figure 1. Map of the study are. Study profiles 1, 2 & 3 marked on the map as well as points where water samples were 

collected. Pink star marks the spot where projection in Figure 4 is done. 

 

Figure 2. Illustration of the dipping direction of the ore. Location of this section is mark with the star in the Figure 1. 

This cross-section is to the strike of the ore. Adapted from European Cobalt Ltd web page 

(https://www.europeancobalt.com/jouhineva-co-cu-au European) 
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The landscape of the area is somewhat typical Finnish forest. Forrest in the area is not 

dense and it is effortless to travel by foot. Most of the trees in the forest are pine and birch, 

and the ground is covered generally by moss (Figure 3). Lingonberry is the primary twig-

like plant on the undergrowth. Ground in the forest is rocky and number of boulders are 

present in the study area. Digging most of the holes for the soil samples became 

interrupted by boulders that had to be removed by iron bar. According to literature 

(Isohanni 1984) the ground near the surface is very rocky moraine and from deeper it is 

rocky moraine. However, when digging the sample holes on the field, excluding the large 

boulders, the soil appeared to be ether sand, clay or sandy clay (Figure 4). Land on the 

South end of the pond, where Profile-3 is located (Figure 1) is significantly more wet. 

Few test holes were dug there before confirming that sampling was not possible. 

 

 
Figure 3. Scenery from the study area. Equipment used for sampling in the picture (Kettunen Ilkka, Jouhineva). 
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Figure 4. L2-S-02. Typical sample hole from the study area. Different soil layers clearly visible. Black layer is 

decomposed peat, brown is sand and grey layer is clay (Kettunen Ilkka, Jouhineva). 

 

2.2 Background of biogeochemical exploration methods 

 

Biogeochemical methods in mineral exploration are relatively novel in comparison to 

traditional methods. In Finland, the first biochemical study of the connection between the 

mineralization and trace elements in plants was performed already in the early 20th 

century by The Geological Survey of Finland. Rankama (1945) confirmed that it is 

possible to detect elevated concentrations of certain elements in soil and bedrock such as 

Co, Ag and Cu by sampling vegetation above the ground. During the 21st century the 

number of studies in biogeochemical exploration has increased, especially in Australia 

where some areas are deeply weathered. Hodkinson et al. (2015) explains how Triodia 

punges (soft spinifex) is used in mineral exploration in the Tanami Desert, Australia. The 

plant itself does not indicate presence of specific mineralization underground but was 

chosen to be one examined because it is widely spread around Australia, has deep roots, 
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and survives in various conditions. These properties of soft spinifex allow to create 

different exploration applications and to use it broadly around the country. 

Australia is the leading country in the field of biogeochemical exploration, at least by the 

number of recent studies. Even though Australia is the leading country in the amount of 

research done in biochemical exploration, other areas, such as certain mineralization in 

Turkey (Erdemir et al. 2017), has been investigated using biogeochemistry as well. In 

Turkey Erdemir et al. (2017) studied the elemental concentration (e.g., tungsten) of soil 

and local vegetation around abandoned tungsten mine.  Two different species of flora 

(Trisetum flavescent and Anthemis cretica) were chosen to analysis because they are 

common in the mine area and occur on other contaminated sites as well. Plants did not 

necessarily grow next to each other, and this could be affected to some of the results. 

Regardless of this Erdemir et al. (2017) confirmed that the results were quite similar for 

both plants, and the area had higher pollution level than reported earlier. The study of 

Erdemir et al. (2017) is not necessarily focused to mineral exploration, however it 

provides a good example of the correlation of the metal concentrations in soil and flora. 

 

In Finland, recent studies of biogeochemical exploration are rare. During the 1980s, a few 

biogeochemical exploration studies were performed in the Lapland. Aarnisalo (1981) 

studied the biochemistry of 259 biological samples from the Pallastutnturi area. Samples 

were mostly humus or peat but included also aspen leaves, lichen, and moss. Aarnisalo 

(1981) found positive Cu anomalies in some samples. Even though they did not discover 

new mineralization in the area, they suggested that further studies are needed. Pulkkinen 

et al. (1989) performed biogeochemical and geobotanical exploration in the Sattasvaara, 

Finnish Lapland in order to develop cheaper and easier method for Au exploration. 

Juniper and crowberry were chosen for analysis because they are evergreen and common 

in the area. Pulkkinen et al. (1989) discovered that twigs of the juniper and crowberry can 

be used to detect probable deep Au mineralization from the surface. Even though some 

correlation between the local bio-indicator flora and mineralization was found in the 

studies of Pulkkinen et al. (1989) and Aarnisalo (1981), they lack a detailed description 

of the applied methods. 

 

Rankama (1945), Aarnisalo (1981), Pulkkinen et al. (1989), Hodkinson et al. (2015) and 

Erdemir et al. (2017) all studied mineralized areas and they all had positive results. Flora 
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that was tested in studies above, differentiated from each other significantly. For example, 

soft spinifex (Hodkinson et al. 2015) is a grass type plant and aspen (Aarnisalo 1981) is 

a tree. Unfortunately, Rankama (1945) did not specify what kind of vegetation was used 

and from which plant each result were from. Based on the listed studies, except that of 

Rankama’s study, we can say that most of the studies used species that have deep-growing 

roots that makes easier for plants to absorb elements from the area with mineralization. 

All the listed studies that explained analytical methods accurately enough described that 

the samples were ashed before the analysis. Ashing was performed to create more 

accurate results compared to the fresh samples, and to receive higher concentration of 

detectable elements. 

 

In this study, wide diversity of flora is examined in the study area. After detailed data of 

the overall vegetation of the area is collected, plants for further chemical analysis will be 

chosen. The study site of the project was chosen because it hosts a vein-type high-grade 

cobalt mineralization that is easily accessible and because a high amount of geological 

background data from the area is available. This study aims to discriminate suitable plants 

for the biogeochemical exploration in the Northern Ostrobothnia and similar 

environments elsewhere. 

 

3. MATERIAL 

 

For this study three different groups of samples were collected and analyzed. Sample 

groups were soil, plants and water. All samples were collected with caution and avoiding 

any contamination as much as possible. Soil and plant samples were sealed in plastic 

minigrip bags and water was sampled in test tubes and plastic bottles. Samples were 

marked, covered from direct sunlight and stored carefully to avoid possible contamination 

from other samples. Plant and soil samples were collected from pre-selected points to 

assure constant sampling over the ore (Figure 1). Locations for water samples were 

chosen in-situ because it was unknown which locations would have surface waters. 
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3.1 Historic data 

 

Jouhineva deposit was discovered in the 1980s and therefore there has been enough time 

to conduct studies in the area. Claim has had several holders like Outokumpu Oy, 

Belvedere Resources Finland Oy, Aurora Exploration Oy, and European Cobalt Ltd. For 

this study historic data and drill data was provided by thesis instructor Petri Peltonen and 

used for example to create the projection of the ore to the surface (Figure 1). 

Unfortunately, there was no soil data from samples that could have been compared to the 

new data, collected in this study. 

 

3.2 Soil sampling 

 

Soil samples were collected from two study profiles (Figure 1). Profiles crosscut the high-

grade ore and the end of the profiles were located such distance that ore would have not 

affected to results. Samples were supposed to be taken in 10 m and 5 m intervals but 

because of obstacles such as trees, formicaries or large boulders interval of sampling 

points can vary somewhat from planned. Samples were collected from the depths between 

20-60 cm depending how thick organic layer was present on the top of the mineral soil. 

Samples were collected from c. the 10 cm interval from the top of the mineral soil. Soil 

type in samples varied depending on the area where samples were collected. Most 

abundant soil types were clay and sand or mixture of these two. Samples were collected 

in following order, from south to north, from Profile-1: L1-S-01, L1-S-02, L1-S-03, 

L1-S-04, L1-S-05, L1-S-06, L1-S-07, L1-S-08, L1-S-09, L1-S-10, L1-S-11, L1-S-12, 

L1-S-16, L1-S-13, L1-S-17, L1-S-14, L1-S-15. Samples are not in logical order, because 

samples 16, 17 were added after finishing the profile to fill up larger gab in the area that 

was thought to be important. From the Profile-2 samples were collected from west to east 

in following order: L2-S-13, L2-S-01, L2-S-02, L2-S-03, L2-S-04, L2-S-05, 

L2-S-06, L2-S-07, L2-S-08, L2-S-09, L2-S-10, L2-S-11, L2-S-12. Sample 13 was 

collected last; it represents the background sample for the Profile-2. 
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3.2.1 Sample collection 

 

Steel shovel and iron bar were applied to dig the soil samples. Sometimes large rocks, 

diameter greater than 40 cm needed to be removed from the way before sampling was 

possible. To avoid metal contamination from tools, few centimeters of ground was 

removed from the soil profile before collecting the sample. Samples were collected using 

small plastic garden spades and tools were cleaned before the next target. From each 

location 2-3 deciliters (dl) of soil were collected in two separate minigrip bags. 

 

First part of the digging was to cut a clean “hat” from the organic layer. This was done to 

use the “hat” later to ensure that the area would look as much alike as possible after 

sampling. When sampling was done the hole was filled with dirt and peat that was dug 

from the hole and the “hat” was placed on top of it to disguise nature to its original state. 

Before moving to the next location entire area was carefully checked to ensure that the 

area looked like it was earlier, and nothing was left behind. 

 

3.2.2 Preparation for analysis  

 

Two identical sets of samples were collected in separate bags, and one set of the sample 

bags were sent to the ALS (Australian Laboratory Service) laboratory to Outokumpu to 

be analyzed by using ionic leaching (IL) method. Other half, identical to the first, was 

analyzed in the University of Helsinki using aqua regia and weak leaching methods. 

These samples were stored in the freezer before further procedures. Samples were dried 

using lyophilization, also known as freeze drying, before sorting and further analyzes. 

Lyophilization was chose to be a method for drying because this method has proved to 

preserve elements in high degree (Kasper et al. 2013 and Gaidhani et al. 2015). In 

lyophilization frozen samples area placed on the trays in the vacuum chamber and dried 

using sublimation effect (Figure 5). Sublimation means transformation of the material 

from solid to gas phase without entering liquid state, this can be achieved with water 

entering the frozen material in the low-pressure field. Because external heat source is not 

used, risk of evaporation of the elements is remarkable lower than in ordinary drying 

process, for example in oven. After samples were dried, the material in the bags were 

cleaned before analysis. This was done by the staff of the University of Helsinki. 
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Figure 5. Scanvac CoolSafe -instrument used for lyophilization at University of Helsinki. Drying soil samples in 

process. For this method samples must be frozen and bags open (Kettunen Ilkka, University of Helsinki, Kumpula 

Campus) 

 

3.3 Plant sampling 

 

Plants were collected from the three study profiles (Figure 1). Two of the profiles were 

what was used for soil samples and plants were collected from immediate vicinity of soil 

samples. Reason why the third study profile was created was high occurrence of juniper 

in that particular area. Juniper has also been used in previous studies (Pulkkinen et al. 

1989 & Middleton et al. 2018) and believed to be particularly suitable for biogeochemical 
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exploration. Soil was not sampled from the third profile, because the ground was too wet 

to collect representative samples. 

 

3.3.1 Sample collection 

 

After overall inspection of the area, it was decided that plants that were going to be 

sampled were pines, lingonberries, birches, rowans and junipers. These plants were 

chosen because of their ubiquitous presence in the area. However, each plant could not 

be collected from every profile nor from every sample location, due the incidence of the 

plants. Since species have different characteristics, depending on a plant, different parts 

of plants were collected. Factors that drove to conclusion of which parts should be 

collected were freshness, collectability of the sample and caused damage. Aim was to 

collect samples that were recently grown. This was done to secure that time the sampled 

part of a plant has had to consume metals from the ground would be as homogenic as 

possible. The time spent to collect sample and damage caused to the flora was kept 

minimal. In previous studies (Hodkinson et al. 2015, Pulkkinen et al. 1989 and & 

Middleton et al. 2018) evergreen plants have been preferred for sampling to avoid 

seasonal variation of trace-elements. However, for example Aarnisalo (1981) collected 

also aspen leaves in his study but could not find any significant Cu anomalies. In this 

study chosen parts were bark from pines, lingonberry twigs (leaves), leaves from birch 

and rowan, and tips of the twigs of juniper. Only part that were not able to be collected 

as fresh grown were bark of the pine. Choosing which pines to sample was guided by the 

diameter of trees. Consistent diameter would be indicative that the age of the trees would 

be similar. However, this was not always possible. 

 

Organic material that was collected from Profiles 1 and 2, were pine bark and lingonberry 

twigs. In addition to these from the Profile-1 birch leaves and from the Profile-2 rowan 

leaves were collected. Juniper was only sampled from the Profile-3 because it was absent 

from Profiles 1 and 2. As mentioned earlier Profile-3 has no soil samples because it was 

located so near to the pond that ground was too wet to collect any proper sampling.  

 

Tools that were used for sampling plants were small garden cutters and knife. Because of 

blades of these tool are made from steel, metal contamination had to be considered. , All 
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organic samples except bark of pine were collected with garden cutter. In that case, the 

contamination should not be a problem because of minor size of the contact surface. 

Before laboratory analyzes this part can be located and removed so it would not cause 

any contamination that would affect actual results. Pine bark instead was collected using 

knife and because of the contamination area is relatively large it must be considered when 

interpreting the results. Despite of this, contamination will not affect the measurements 

of Au, Ag, Cu and Co. 

 

Target plants were chosen by size and how healthy they looked, avoiding young, small 

and sick looking plants. For every sample collected from trees diameter of the trunk was 

measured and it was made sure that damage caused to the plant would be minimal. After 

collecting each sample, they were closed in the minigrip bags, marked and covered from 

direct sunlight. Immediately after returning from the field plants were put in the freezer 

to reduce decomposition of the samples. 

 

3.3.2 Preparation for analysis 

 

In order to make preparation of samples for analytical work easier and to increase 

accuracy of analyses (Hamrouni-Sellami et al. 2013), water must be removed from the 

plants. This was done the same way as drying of the soil samples was done, using 

lyophilization. This procedure worked very well for most of the samples but some of the 

birch leave samples did not dry enough for unknown reason. These samples had to be 

additionally dried using a drying oven. 

 

To have consistent results samples were processed to be as homogenous material as 

possible. This meant separating leaves and needles from twigs and crushing these 

materials separately. Birch, rowan, and lingonberry were relatively easy to process, 

because lyophilization made it effortless to separate and crush the leaves. Pine and juniper 

were more troublesome to process but from different reasons. Bark of pine was simply 

just hard to crash and during the crushing process static electricity made juniper needles 

escape from the container. 
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Two of the most important factors considered during the processing the samples were 

contamination between the samples and homogeneity of the samples. Contamination was 

avoided keeping the handled samples separated from the others and handling on the 

disposable paper sheets. Paper was changed after, and sometimes during the process, of 

each sample. Crushing itself was done by using two different methods. First method was 

to crush samples using wooden hammer (Figure 6 A) and keeping the sample in the 

minigrip bag where it was first collected in the study area, however it was soon clear that 

plastic minigrip bags were not suitable for this and broken bag must be changed. Second 

method had to be considered after troubles of the first one. It was decided to use hand-

held blender to crush the samples. Two different models were experimented and because 

of the many similarities of the machines one that was easier to keep clean was chosen. 

Samples, for example birch leaves, were first separated by hand from twigs and then 

poured in the plastic container, blender was placed in the container and mouth was sealed 

by suing rubber glove that was placed also around the blender to ensure that none of the 

material could escape (Figure 6 B). When sample was crushed to homogenous, dusty 

substance, it was carefully poured back in to labeled minigrip bag. All instruments were 

carefully washed and dried after each sample to avoid contamination. 
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Figure 6. A. Wooden hammer and birch leaves. Hammer was the first method used to homogenize samples. 

B. Handheld blender and pine bark. Second method used to homogenize samples. Rubber glove is used to prevent the 

sample from escaping (Kettunen Ilkka, University of Helsinki, Kumpula Campus) 

 

3.4 Water sampling 

 

Water was sampled from the eight different locations around the area (Figure 1). Water 

sampling could not follow the locations of the other samples because the lack of surface 

water in the study area. Samples are mostly collected from around the test-mine pond. 

From some of the locations where water was collected additional measurements were 

taken from the water, such as pH, temperature, electrical conductivity, oxygen saturation 

and redox potential. These measurements were performed with Ysi Quattro instrument. 

However, these measurements could not be made from every location because 

circumstances were not suitable, for example the depth of water was not great enough. 

 

Two different water samples were collected, macro and micro samples. Macros were 

collected in the larger plastic containers under the water and water was not filtered in any 

way. While collecting the sample it was paid close attention to ensure that bottle was 

washed three times before sampling, samples were collected at least 30 cm below the 

surface and no air was left in the container. Macro samples had to be covered from direct 

A B 
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sunlight and held in the cool place (no freezer). Microsamples were collected from the 

source with the PP/PE syringe and 10 ml of sample was filtered with 0.45 μm PP filter in 

to the PP test-tube containing 50 μm HNO3. Acid stabilized the sample and protected it 

from decaying. 

 

4. METHODS 

 

Analytical methods used in this study can be divided into three different categories: 

geochemical, biogeochemical, and aquatic methods. Geochemical methods are used for 

soil samples, biogeochemical methods are used for plant samples and aquatic methods 

are used for water samples.  

 

4.1 Soil samples 

 

Collected soil samples can be divided into two groups: samples analyzed in the ALS 

laboratory, and samples analyzed in the University of Helsinki. Samples sent to ALS and 

samples analyzed in the University of Helsinki were collected into separate bags, but from 

same locations and same time. Samples sent to the ALS were analyzed only with ionic 

leaching method. In the University of Helsinki, samples were analyzed using aqua regia, 

weak leaching and portable XRF instrument (pXRF). Agua regia and weak leaching was 

performed by trained personnel of the University and the author of this study was in 

charge for pXRF analyses. 

 

Samples sent to ALS were collected and sent straight to the lab, no preparation was done 

to them. As mentioned in the 3.2.2 Preparation for analysis samples analyzed at the 

University of Helsinki were first dried using lyophilization and then sorted for analysis. 

Before drying or sorting the samples pXRF analyses were done through the plastic bags. 

 

4.1.1 Ionic leaching 

 

Ionic leaching was performed by ALS. Used method was ME-MS23 and samples were 

analyzed using inductively coupled plasma – mass spectrometry (ICP-MS) (ALS 2022). 

For the sample preparation ME-MS23 uses 25 ml of sodium cyanite and ammonium 
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chloride, citric acid and EDTA as chelating agents (ALS 2013). Leachant buffer is at 8.5 

pH. Method is capable to analyze 60 different elements (ALS 2020). Despite of digestion 

samples are not pretreated, and 50 g of sample is collected from the sample bag for the 

analysis (ALS 2022). Addition to 60 elements, analysis produced pH for each sample. 

 

4.1.2 Aqua regia  

 

In aqua regia method collected soil samples are prepared for analysis by wet combustion 

using U.S EPA (United States Environmental Protection Agency) method 3051. Method 

3051 is microwave assisted acid digestion of sediments, sludges, soils, and oils (U.S. EPA 

2007). In this study wet combustion was done by using acid HNO3 / HCl (not traditional 

3 HCl / 1 HNO3). Samples were analyzed using method ISO 17294-2. 

 

In the method 3051 sample is placed in the container with the acid and heated in the 

microwave. This will accelerate the reaction and help the extraction of elements for 

further analysis. After microwaving the sample, it is cooled, centrifuged, diluted (1/20) 

and analyzed (U.S. EPA 2007). As mentioned above samples were analyzed using ISO 

17294-2. This method uses ICP-MS to analyze elements from wet combusted samples 

(ISO 2016). Reference material for the wet combustion were CRM Loamy sand 10 and 

Clay 2. This method produced concentration for seventeen different elements. These 

elements are Al, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Mo, Cd, Sn, Sb, Pb & U. Each 

stage of the experiment was performed by trained laboratory professional from University 

of Helsinki. Proper quality assurance and quality control protocols were followed. 

 

4.1.3 Weak leaching 

 

For the weak leaching Varian 725ES method was used as a guideline. To extract elements 

for the analysis from the soil sample 1 M of ammonium acetate solution is used for 

preparation. Solution is prepared using 77 g of ammonium acetate that is dissolved in 

1000 mL of water and pH is adjusted to 7.0. For the extraction 10 g of soil sample and 

100 mL of ammonium acetate solution. Mixture is shaken for 30 min at 180 

oscillations/minute and filtered (Nhan 2010). Filtered mixture was then analyzed using 

ISO 17294-2 as in aqua regia. This method produced concentration for fifteen different 
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elements. These elements are Al, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Mo, Cd, Pb & 

U. Each stage of the experiment was performed by trained laboratory professional from 

University of Helsinki. Proper quality assurance and quality control protocols were 

followed. 

 

4.1.4 pXRF analyses 

 

Portable XRF (pXRF) analyses were performed using Niton 3XL GOLDD+. Analyses 

were done through the plastic sample bags. Prior analyses, settings were set as following: 

sample type as soil, material type as soils and minerals, and final type as soil. To gain as 

representing results as possible each sample was analyzed three times and average results 

were calculated using built-in application of the pXRF. Prior analyzing overall condition 

of the device was inspected and that the film is intact. 

 

As mentioned above each measurement was taken through the plastic sample bag and 

final results are average results of three measurements. Duration of each measurement 

was 60 s. Samples were not pretreated before analyzing and each analyze was made from 

different spot. Spots were chosen randomly around the sample bag avoiding possible 

larger objects such as rocks or roots. This method produced concentration for 25 different 

elements. These elements are S, K, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Rb, 

Sr, Zr, Mo, W, Au, Hg, Pb, Th & U. Instrument was sturdily placed against the sample 

bag and held still during the measurement. Contamination was avoided ensuring that bags 

were not damaged, had no dirt on and workstation was clean. 

 

4.2 Plant samples 

 

Method used to prepare plant samples was CEM MARS6TM. This method uses HNO3 to 

extract the elements from the sample. During the procedure 0.2 g of the sample and 10 

mL of HNO3 is mixed and stirred, after 15 minutes digestion vessel is closed. HCl can be 

added from 0 – 4 mL to the solution, and amount will depend of the matrix and the 

concentration of the analytes. After digestion sample goes through controlled heating 

cycle. During the heating process the power is increased for 15 minutes and hold for 15 

minutes. Power is increased from 900 W to 1050 W, temperature of the program is 200 

°C and pressure is 800 psi (CEM 2022). The solution is diluted (1/10) and then analyzed 
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using ISO 17294-2 as in aqua regia. Reference material were NIST 1575a Pine needles. 

This method produced concentration for fifteen different elements. These elements are 

Al, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Mo, Cd, Pb & U. Each stage of the experiment 

was performed by trained laboratory professional from University of Helsinki. Proper 

quality assurance and quality control protocols were followed. 

 

4.3 Water samples 

 

For this study two different type of water samples were collected and analyzed. Macro 

water samples were not filtered or prepared anyway in the field. Micro samples were filter 

and stored in the PP test-tubes as described at 3.4 Water sampling. Water samples were 

analyzed using ISO 17294-2 as in aqua regia. Reference material was SW2 trace elements 

water referencing. This method produced concentration for fifteen different elements. 

These elements are: Al, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Mo, Cd, Pb & U. Each 

stage of the experiment was performed by trained laboratory professional from University 

of Helsinki. Proper quality assurance and quality control protocols were followed. 

 

5. RESULTS 

 

Ore in the study area has high content of Co, Cu, Au & Ag, and therefore those elements 

are of most interest in this study. However, focus of the results will be at Co and Cu 

because Au and Ag could not have been detected by most of the analytical methods. In 

addition, also As, Zn, Cd, Se and pH were carefully examined. When illustrating results 

on the maps Jenks natural breaks classification method was used for the data clustering. 

Jenks natural breaks method creates clusters minimizing the variation between the data 

groups (Jenks 1967). For this study eight different data groups were used for each method 

and element to create most illustrative maps for the data. However sometimes data set 

was too narrow to create eight data sets. All maps were created using QGIS software and 

file service of open data of national land survey of Finland. 

  



21 

 

 

5.1 Soils 

5.1.1 Ionic leaching 

 

Results from ionic leaching were very extensive and none of the elements under the 

interest returned results below the detection limit. Results of the elements were reported 

in parts per billion (ppb) by the ALS. Duplicate created from the sample batch, by ALS, 

was in the target range in all of the elements except for the Au. The actual sample 

contained 0.1 ppb Au while the duplicate yielded 0.21 ppb au. Since the target range for 

the duplicate was 0.12 – 0.19 ppb Au, this discrepancy is not considered material. 

Standards and blanks were consistent and within the target range. In the results any 

significant outliers cannot be detected. 

 

 
Figure 7. Map of the ionic leach results of Cu for Profile-1 and 2. Profile-1 is located in the south and Profile-2 is 

located in the north. Data is clustered using Jenks natural breaks. Background orthophoto from the National land survey 

of Finland (2020). 
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Figure 8. Map of the ionic leach results of Co for Profile-1 and two. Profile-1 is located in the south and Profile-2 is 

located in the north. Data is clustered using Jenks natural breaks. Background orthophoto from the National land survey 

of Finland (2020). 

 

Arsenic increases towards the ore along both profiles. However, highest values in Profile-

1 locate outside of the ore and increase in As can also be detected at the ends of the 

Profile-2. Zinc has its highest concentration on the border of the ore in the Profile-1 but 

in the Profile-2 they can be found outside of the ore. On the Profile-1 both Cd and Se 

values increase towards the ore and form clear anomaly. On the Profile-2 Cd and Se have 

high concentration above the ore but the ore but high concentrations can also be found 

well outside of the ore. 

 

5.1.2 Aqua regia 

 

Results from aqua regia were not as extensive as in ionic leaching and some of the results 

were below detection limit. From every sample Cu, Co, As, Zn were detected but most of 

Se and Cd values were below the detection limit. Total of 4 duplicates were created and 

analyzed. The results from these duplicates were close to the original samples and any 

major differences could not have been detected. Like duplicates total of four standard 

(STD) were analyzed for Cu, Co, As and Zn relative standard deviation (RSD%) were 
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between 0 and 4 but one Cu STD had RSD% of 10 and one Zn STD had RSD% of 15. 

Despite of these results are reliable and can be used in further interpretations. 

Aqua regia results for Cu and Co are plotted in the Figure 9 and Figure 10. On the Profile-

1 both elements have their highest concentrations before the ore and values seem to 

degrease from middle of the sampling lines towards both ends. Especially Co seems to 

have its lowest values on the ore. However, on the Profile-2 Co and Cu have the highest 

values just above the ore. Both profiles have similar size of results in Cu but in Co Profile-

2 seems to have higher results on average. 

 

On Profile 1 both As and Zn degrease significantly before the ore and the highest 

concentrations are outside on the hanging wall side of the ore. Profile-2 has very different 

characteristics than Profile-1. On the Profile-2 As has its highest concentration at the ore 

but variation in the results is narrow and second highest concentration can be found from 

the end of the line. Zinc has its highest value outside of the ore and the results do not vary 

greatly along the profile. On both profiles, Se results included samples that did not 

produce any values and the highest concentrations are located outside of the ore. Total of 

the one sample produced results for Cd from Profiles 1 and 2. This sample is located 

outside of the ore on the Profile-2. 
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Figure 9. Map of the aqua regia results of Cu for Profile-1 and 2. Profile-1 is located in the south and Profile-2 is located 

in the north. Data is clustered using Jenks natural breaks. Background orthophoto from the National land survey of 

Finland (2020). 

 
Figure 10. Map of the aqua regia results of Co for Profile-1 and 2. Profile-1 is located in the south and Profile-2 is 

located in the north. Data is clustered using Jenks natural breaks. Background orthophoto from the National land survey 

of Finland (2020). 
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5.1.3 Weak leaching 

 

Unlike in aqua regia all Cu and Zn values were below their detection limits. Selenium 

and Cd had most of their results bellow the detection limit as well. Total of four duplicates 

and standards (STD) were created again and analyzed. Like before duplicate results were 

consistent to original results and any major differences could not have been detected. Like 

duplicates total of four standard (STD) were analyzed and for Co and As. Relative 

standard deviation (RSD%) for Co varied from 1 to 8 and for As between 0 and 5. Despite 

of lack of some of the results these results provided useful information.  

 

Cobalt concentrations from weak leaching assays are plotted in the Figure 11 and those 

of As in the Figure 12. Cobalt has clear anomalies above the ore in both profiles, however 

the highest concentrations are located outside of the projected ore. Unlike Co, there is not 

significant anomaly to be detected on the ore. Highest concentrations for As on both 

profiles can be found outside of the ore projection. Like Cu and Zn, Se could not have 

been detected at all. However, analysis produced results from one sample for Cd. This 

result is barely above the detection limit, but it is located just above the ore. 
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Figure 11. Map of the weak leach results of Co for Profile-1 and 2. Profile-1 is located in the south and Profile-2 is 

located in the north. Data is clustered using Jenks natural breaks. Background orthophoto from the National land survey 

of Finland (2020). 

 
Figure 12. Map of the weak leach results of As for Profile-1 and 2. Profile-1 is located in the south and Profile-2 is 

located in the north. Data is clustered using Jenks natural breaks. Background orthophoto from the National land survey 

of Finland (2020). 
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5.1.4 pXRF analyses 

 

pXRF results are average from three measurements taken from unprocessed samples 

through the plastic bag. Blanks and standards were not made but error margin was 

reported. This margin was sometimes half of the detected limit. For closer inspection 

results from uncleaned and undried samples were chosen. Those samples produced results 

representing analyses that could be done in-situ. 

 

In Figure 13 and Figure 14 Cu and Co results for pXRF analyses illustrated on the map. 

In the Profile-1 Cu values clearly degrease towards to the ore. Cobalt values in the Profile-

1 are inconsistent and highest concentrations do not appear on the ore. However, on the 

Profile-2, high Co values are located on the ore even though most of the results were 

below detection limit. Copper concentrations on the Profile-2, are increasing towards to 

the ore and highest concentrations are located just above. 

 

On the Profile-1 analysis did not produce results for As above the ore and minor anomaly 

can be found from the beginning of the Profile-1. On the Profile-2 some of higher values 

can be found near by the ore but not directly above. Highest Zn concentration of both 

profiles are located outside of the ore and nether of the profiles have significant anomaly 

above the ore. Nether Se or Cd could not have been detected in the pXRF analyses. 
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Figure 13. Map of the pXRF results of Cu for Profile-1 and 2 Profile-1 is located in the south and Profile-2 is located 

in the north. Data is clustered using Jenks natural breaks. Background orthophoto from the National land survey of 

Finland (2020). 

 

Figure 14. Map of the pXRF results of Co for Profile-1 and 2. Profile-1 is located in the south and Profile-2 is located 

in the north. Data is clustered using Jenks natural breaks. Background orthophoto from the National land survey of 

Finland (2020). 
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5.1.5 pH 

 

Soil samples that were sent to ALS lab for analyses were also analyzed for pH. These 

results vary from 5.6 to 8.7  pH highest results being at the Profile-1 directly above the 

ore and lowest overall being on the Profile-2. Highest values on the Profile-2 are over the 

ore. Even though some of the high pH values are found above the ore some of the high 

values are also located far end of the profiles away from the ore. 

 

5.2 Plants 

 

Plant analyses produced meaningful results for most of the same elements as soil analysis. 

Elements in focus such as Co, Cu, As and Zn were analyzed as well as Se and Cd. 

Unfortunately, Au and Ag could not have been analyzed. All of the plants were sampled 

as one batch, so they shared blanks and duplicates. Total number of blanks is four and 

number of blanks is eight. Results for Co, Cu, As and Zn are collectively in Tables 1, 2,3 

& 4. 

 

5.2.1 Pine 

 

Elements that were above detection limit in pine bark assays were Cu, Co, As, Zn, Se, 

and Cd. However, most of the Co results were below the detection limit (<0.110 ppm) 

and Se results were all below detection limit (<0.031 ppm) except for one. Pine bark could 

not have been collected nearby to every soil sample resulting in gaps in the data. 

 

On the Profile-1 both Cu and Co have their highest concentration at the ore (Figure 15 

&Figure 16). Copper values do increase slightly before this point and after that they stay 

degreasing slightly. Cobalt analyses did produce only few results but those are clearly 

clustered. On the Profile-2 there is only one result produced for Co, however this value is 

located directly above the ore. 

 

On the Profile-1 both As and Zn results do decrease towards to the ore. Anomalies of both 

profiles are located outside of the ore. On the Profile-2 both As and Zn do have minor 

anomaly above the ore and highest concentrations can be found on the ore. However, 
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diameter of a pine’s trunk and As value had weak correlation (Pearson) of 0.5. This means 

that larger the diameter of the trunk pine has, greater As value is to be expected in the 

bark. Correlation can be detected from both Profiles 1 and 2 but it appears stronger on the 

profile 1. 

 

 

Figure 15. Map of the pine results of Cu for Profile-1 and 2. Profile-1 is located in the south and Profile-2 is located in 

the north. Data is clustered using Jenks natural breaks. Background orthophoto from the National land survey of Finland 

(2020). 
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Figure 16. Map of the pine results of Co for Profile-1 and 2. Profile-1 is located in the south and Profile-2 is located 

in the north. Data is clustered using Jenks natural breaks. Background orthophoto from the National land survey of 

Finland (2020). 

 

As mentioned earlier, only one pine bark sample was analyzed for Se and this sample is 

located on the Profile-2 and above the ore. On the Profile-1 highest Cd value can be found 

at the beginning of the profile and there is no anomaly on the ore. On the Profile-2, Cd 

values spike at both sides outside of the ore. 

 

5.2.2 Lingonberry 

 

Only Cu and Zn were frequently above their detection limits in lingonberry assays. Only 

one sample produced data for Co. A third of samples had results for As under detection 

limit. For Cd only two samples were under the detection limit. 

 

Copper and Co results for lingonberry illustrated on the map in Figure 17 and Figure 18. 

Copper seems to have its highest concentrations on the outside of the projected ore on 

both profiles. Clustering of the results is detected in the Profile-1 but some of the lowest 

values of that line are located in between the high values. Unfortunately, only one sample 

in total produced results for Co. It is located on the Profile-1 well outside of the ore. 
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On the Profile-1 two samples have higher As concentration, one of the samples is hanging 

wall side and second one inside of the ore projection. However, after these highest values, 

values degrease rapidly on the ore. On the Profile-2 more than a half of the samples were 

bellow detection limit of As and two of these values are located on the ore. Two of the 

most As-rich samples are located both sides outside of the ore. Zinc results on the Profile-

1 is quite irregular, and the highest concentrations are located on the beginning of the 

profile. On the Profile-2 there is minor anomaly form the Zn results located west side of 

the ore projection. On both profiles one and two, Cd results create anomalies of both sides 

outside of the ore projection. 

 

 
Figure 17. Map of the lingonberry results of Cu for Profile-1 and 2. Profile-1 is located in the south and Profile-2 is 

located in the north. Data is clustered using Jenks natural breaks. Background orthophoto from the National land survey 

of Finland (2020). 
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Figure 18. Map of the lingonberry results of Co for Profile-1 and 2. Profile-1 is located in the south and Profile-2 is 

located in the north. Data is clustered using Jenks natural breaks. Background orthophoto from the National land 

survey of Finland (2020). 

 

5.2.3 Birch 

 

Elements that were above the detection limit from all of birch leaves are Cu, As, Zn and 

Cd. Three samples from the batch were bellow detection limit for Co. Only one data point 

was above detection limit for Se. 

 

Birch results for Cu and Co are shown in the Figure 21 and Figure 22. Birch samples 

could be collected only from the Profile-1 and on the Profile-2 in the same figures are the 

results for rowan. On the Profile-1 Cu results do increase towards the ore and largest 

concentration is found right above the projected ore. Cobalt values are quite evenly spread 

over the profile, still having a slight increase outside of the ore and both ends of the profile 

having no value at all. 

 

Analyzed birch leaves produced As results that form an anomaly above the ore. Values 

inside of the ore projection can be quite well separated from the other results (Figure 19). 

Unlike As results, Zn results are more uneven. Lowest values can be found outside of the 
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ore but highest values can be found form outside as well. Not clear anomalies are formed. 

Only one sample produced data for Se and this can be found from well outside of the ore. 

Unlike Se, Cd were analyzed from every sample. However, Cd result are somewhat alike 

as Zn. There is no clear anomalies to be recognized and results are inconsistent. 

 

 
Figure 19. Line chart of As results from birch leaves. Elevated concentration above the projected ore. 

 

5.2.4 Rowan 

 

Elements that were detected from all rowan samples are Cu, Zn, As and Cd. Cobalt and 

Se could not have been detected at all from any of the rowan samples. Copper results are 

illustrated in the Figure 21 on the Profile-2. On the Profile-2 there is clear increase in the 

values over the projected ore. All Co values for rowan samples were bellow detection 

limit. (Figure 22). 

 

Analyzed rowan leaves produced As results that form anomaly on the ore, however 

highest concentrations are both sides outside of the ore. Zn has its highest concentrations 

over the ore and results are logically spread over the test profile (Figure 20). Unlike As 

or Zn results highest Cd concentrations can be found well outside of the ore and results 

are quite inconsistent. 
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Figure 20. Line chart of Zn results from rowan leaves. Elevated concentration above the projected ore. 

 

 
Figure 21. Map of the birch and rowan results of Cu for Profile-1 and 2. Birch results are on the Profile-1 located in the 

south and rowan on the Profile-2 located in the north. Data is clustered using Jenks natural breaks. Background 

orthophoto from the National land survey of Finland (2020).  
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Figure 22. Map of the birch and rowan results of Co for Profile-1 and 2. Birch results are on the Profile-1 located in the 

south and rowan on the Profile-2 located in the north. Data is clustered using Jenks natural breaks. Background 

orthophoto from the National land survey of Finland (2020). 

 

5.2.5 Juniper 

 

Elements detected from every juniper needle sample are Cu, Zn, Cd, Co and As. Selenium 

could not have been detected at all. Results from analyzed juniper needles represented in 

the Figure 23 and Figure 24. These maps are representing area on the southern tip of the 

pond, zoomed in on the Profile-3 (Figure 1). It was not possible to collect samples from 

juniper systematically along the Profile-3 and therefore the results are unevenly separated. 

Copper values are quite evenly spread along the profile and there is no peaks over the ore. 

However, in the closer inspection one sample over the ore has second highest 

concentration for Cu but its duplicate has significantly smaller Cu value. Cobalt results 

are very much alike as Cu. There is no consistent in ether of the results over the ore. 

 

Results for As, Zn and Cd have similar characteristics. All of elements have great 

anomaly over the ore and at the same sample (Figure 23). This is the same sample that 

had high Cu and Co values. However As, Zn and Cd are also significantly lower at the 

duplicate of this sample. 
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Figure 23. Map of the juniper results of Cu for Profile-3. Arrow marks the sample that has both high and low 

concentrations for multiple elements. This profile is located in the southeast tip of the pond. Data is clustered using 

Jenks natural breaks. Background orthophoto from the National land survey of Finland (2020). 

 
Figure 24. Map of the juniper results of Cu for Profile-3. Arrow marks the sample that has both high and low 

concentrations for multiple elements. This profile is located in the southeast tip of the pond. Data is clustered using 

Jenks natural breaks. Background orthophoto from the National land survey of Finland (2020).
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Table 1. Co results for all the methods excluding juniper and water results. Empty cells mean that the sample could not been collected from the location and numbers with < indicates that the 

results were below the detection limit. Under the heading “Ore” X marks the samples that were collected above the projected ore. Results are rounded to two decimal places. 

Code Coordinates Aqua Regia.Co Birch.Co Ionic Leaching.Co Weak Leaching.Co Lingonberry.Co Pine.Co Rowan.Co pXRF.Co Ore 

L1-S-01 365035.1 7107115 4.70 <0.110 41.7 0.02 <0.110 <0.110  156.44  

L1-S-02 365035.1 7107124 2.01 0.57 46.5 0.02 <0.110 <0.110  <20  

L1-S-03 365035.2 7107133 4.18 0.97 65.8 0.05 <0.110 <0.110  <20  

L1-S-04 365035.2 7107140 4.59 0.15 147.0 0.08 <0.110 <0.110  <20  

L1-S-05 365035.2 7107156 6.56 1.15 94.9 0.04 <0.110 <0.110  158.11  

L1-S-06 365035.2 7107162 11.59 0.86 192.5 0.06 0.14   <20  

L1-S-07 365035.3 7107167 3.17 0.25 109.5 0.04 <0.110   <20  

L1-S-08 365035.3 7107173 7.53 1.44 796.0 0.32 <0.110   <20  

L1-S-09 365035.3 7107179 4.32 0.59 164.0 0.07 <0.110 0.13  <20  

L1-S-10 365035.3 7107184 2.57 <0.110 155.0 0.04 <0.110 0.36  <20  

L1-S-11 365035.3 7107190 2.25 1.23 207.0 0.07 <0.110 <0.110  <20  

L1-S-12 365035.3 7107195 2.33 0.48 158.5 0.09 <0.110 <0.110  <20  

L1-S-13 365035.3 7107203 2.66 1.21 172.0 0.10 <0.110   <20 X 

L1-S-14 365035.4 7107215 2.62 0.31 138.0 0.05 <0.110 <0.110  <20 X 

L1-S-15 365035.4 7107225 2.03 <0.110 103.0 0.04 <0.110 <0.110  <20  

L1-S-16 365035.3 7107199 2.34 0.75 113.0 0.05 <0.110 0.46  <20 X 

L1-S-17 365035.4 7107209 1.99 1.00 382.0 0.12 <0.110 <0.110  68.92 X 

L2-S-01 364724.2 7107500 4.45  31.7 0.04 <0.110 <0.110 <0.110 <20  

L2-S-02 364728.7 7107503 4.74  104.0 0.04 <0.110 <0.110 <0.110 <20  

L2-S-03 364733.2 7107506 6.24  41.7 0.04 <0.110 <0.110 <0.110 <20  

L2-S-04 364737.6 7107510 4.85  40.8 0.05 <0.110 <0.110 <0.110 <20  

L2-S-05 364742.1 7107513 5.44  82.4 0.06 <0.110 <0.110 <0.110 <20  

L2-S-06 364746.6 7107516 4.88  42.8 0.04 <0.110 <0.110 <0.110 <20 X 

L2-S-07 364751 7107520 13.73  124.0 0.09 <0.110 1.07 <0.110 135.66 X 

L2-S-08 364755.5 7107523 5.20  73.7 0.03 <0.110 <0.110 <0.110 118.08 X 

L2-S-09 364759.9 7107526 3.22  88.0 0.05 <0.110 <0.110 <0.110 <20 X 

L2-S-10 364764.4 7107530 5.37  141.5 0.07 <0.110 <0.110 <0.110 86.27  

L2-S-11 364771.5 7107535 4.48  176.0 0.10 <0.110  <0.110 <20  

L2-S-12 364779.5 7107541 6.45  304.0 0.12 <0.110 <0.110 <0.110 <20  

L2-S-13 364673.2 7107488 5.82  157.0 0.06 <0.110 <0.110 <0.110 <20  

Unit X Y PPM PPM PPB PPM PPM PPM PPM PPM  
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Table 2. Cu results for all the methods excluding juniper and water results. Empty cells mean that the sample could not been collected from the location and numbers with < indicates that the 

results were below the detection limit. Under the heading “Ore” X marks the samples that were collected above the projected ore. Results are rounded to two decimal places. 

Code Coordinates Aqua Regia.Cu Birch.Cu Ionic.Cu Weak Leaching.Cu Lingonberry.Cu Pine.Cu Rowan.Cu pXRF.Cu Ore 

L1-S-01 365035.1 7107115 11.91 3.56 1190 <0.7 4.42 2.46  28.72  

L1-S-02 365035.1 7107124 6.77 4.53 929 <0.7 3.96 2.07  15.04  

L1-S-03 365035.2 7107133 18.45 3.85 1010 <0.7 4.28 3.07  22.16  

L1-S-04 365035.2 7107140 7.32 4.42 1010 <0.7 4.97 2.27  18.77  

L1-S-05 365035.2 7107156 14.01 5.88 1270 <0.7 4.91 1.87  36.30  

L1-S-06 365035.2 7107162 36.49 4.19 4170 <0.7 4.05   34.65  

L1-S-07 365035.3 7107167 9.79 5.50 4270 <0.7 3.47   26.53  

L1-S-08 365035.3 7107173 18.32 4.12 5760 <0.7 4.35   18.20  

L1-S-09 365035.3 7107179 15.12 5.83 2620 <0.7 4.34 3.38  17.53  

L1-S-10 365035.3 7107184 9.46 5.09 4100 <0.7 5.30 2.76  24.30  

L1-S-11 365035.3 7107190 9.62 6.41 1690 <0.7 3.76 2.89  18.64  

L1-S-12 365035.3 7107195 12.19 5.20 3950 <0.7 3.99 2.95  18.09  

L1-S-13 365035.3 7107203 10.45 4.25 2480 <0.7 4.47   14.60 X 

L1-S-14 365035.4 7107215 12.65 7.42 2040 <0.7 3.59 2.74  14.72 X 

L1-S-15 365035.4 7107225 14.58 5.64 2400 <0.7 2.71 2.28  <10  

L1-S-16 365035.3 7107199 12.95 5.70 3320 <0.7 3.55 3.43  17.83 X 

L1-S-17 365035.4 7107209 3.22 4.35 1290 <0.7 4.06 2.46  <10 X 

L2-S-01 364724.2 7107500 9.73  177 <0.7 4.05 2.79 3.01 18.18  

L2-S-02 364728.7 7107503 9.22  311 <0.7 3.16 2.15 3.36 16.52  

L2-S-03 364733.2 7107506 9.83  152 <0.7 3.43 2.91 2.26 19.24  

L2-S-04 364737.6 7107510 11.33  335 <0.7 3.84 2.68 2.79 21.38  

L2-S-05 364742.1 7107513 19.37  560 <0.7 4.01 2.52 3.42 28.83  

L2-S-06 364746.6 7107516 9.84  417 <0.7 3.26 2.38 1.97 24.91 X 

L2-S-07 364751 7107520 14.33  477 <0.7 2.88 2.12 4.33 29.05 X 

L2-S-08 364755.5 7107523 14.60  814 <0.7 2.93 2.26 5.71 27.04 X 

L2-S-09 364759.9 7107526 6.29  303 <0.7 2.69 2.33 3.18 18.32 X 

L2-S-10 364764.4 7107530 12.82  458 <0.7 4.45 2.62 3.01 15.73  

L2-S-11 364771.5 7107535 10.41  1130 <0.7 3.15  3.42 19.13  

L2-S-12 364779.5 7107541 12.67  744 <0.7 3.68 2.86 4.27 15.08  

L2-S-13 364673.2 7107488 11.47  469 <0.7 5.47 2.35 2.88 20.61  

Unit X Y PPM PPM PPB PPM PPM PPM PPM PPM  
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Table 3. As results for all the methods excluding juniper and water results. Empty cells mean that the sample could not been collected from the location and numbers with < indicates that the 

results were below the detection limit. Under the heading “Ore” X marks the samples that were collected above the projected ore. Results are rounded to two decimal places. 

Code Coordinates Aqua Regia.As Birch.As Ionic Leaching.As Weak Leaching.As Lingonberry.As Pine.As Rowan.As pXRF.As Ore 

L1-S-01 365035.1 7107115 13.71 0.032 55.2 0.012 0.03 0.030  7.88  
L1-S-02 365035.1 7107124 9.00 0.028 22.6 0.011 0.02 0.038  4.86  
L1-S-03 365035.2 7107133 10.74 0.025 19.4 0.025 <0.018 0.045  12.36  
L1-S-04 365035.2 7107140 16.99 0.039 43.8 0.022 0.04 0.046  12.20  
L1-S-05 365035.2 7107156 11.31 0.053 53.1 0.019 0.02 0.018  14.01  
L1-S-06 365035.2 7107162 5.82 0.042 31.6 0.019 0.03   6.36  
L1-S-07 365035.3 7107167 2.54 0.048 120.0 0.032 0.13   9.14  
L1-S-08 365035.3 7107173 6.27 0.033 292.0 0.025 0.05   <4  
L1-S-09 365035.3 7107179 4.16 0.040 42.6 0.034 0.05 0.070  <4  
L1-S-10 365035.3 7107184 2.04 0.025 97.8 0.020 0.05 0.035  5.07  
L1-S-11 365035.3 7107190 1.78 0.036 31.4 0.025 0.03 0.038  <4  
L1-S-12 365035.3 7107195 1.64 0.026 53.1 0.028 0.05 0.043  <4  
L1-S-13 365035.3 7107203 1.41 0.047 43.8 0.030 0.08   <4 X 

L1-S-14 365035.4 7107215 1.62 0.069 31.6 0.021 <0.018 0.038  <4 X 

L1-S-15 365035.4 7107225 2.09 0.041 39.0 0.032 0.03 0.034  <4  
L1-S-16 365035.3 7107199 2.19 0.029 44.5 0.023 0.07 0.034  <4 X 

L1-S-17 365035.4 7107209 1.87 0.068 250.0 0.018 0.03 0.040  <4 X 

L2-S-01 364724.2 7107500 13.47  6.3 0.027 <0.018 0.028 0.03 8.60  
L2-S-02 364728.7 7107503 12.15  32.2 0.016 <0.018 0.031 0.08 12.24  
L2-S-03 364733.2 7107506 10.54  7.0 0.012 <0.018 0.050 0.03 10.74  
L2-S-04 364737.6 7107510 10.14  8.5 0.017 0.02 0.037 0.03 8.14  
L2-S-05 364742.1 7107513 11.57  12.5 0.024 0.03 0.030 0.08 10.25  
L2-S-06 364746.6 7107516 21.10  22.0 0.024 <0.018 0.064 0.05 19.23 X 

L2-S-07 364751 7107520 14.22  17.7 0.020 0.02 0.053 0.06 11.00 X 

L2-S-08 364755.5 7107523 10.77  46.3 0.018 0.02 0.040 0.06 8.48 X 

L2-S-09 364759.9 7107526 8.24  14.5 0.017 <0.018 0.034 0.08 6.95 X 

L2-S-10 364764.4 7107530 10.38  27.3 0.024 0.04 0.043 0.13 6.76  
L2-S-11 364771.5 7107535 11.12  30.4 0.025 <0.018  0.02 7.53  
L2-S-12 364779.5 7107541 15.64  16.5 0.022 <0.018 0.032 0.05 10.62  
L2-S-13 364673.2 7107488 7.51  13.7 0.015 0.02 0.050 0.03 4.77  
Unit X Y PPM PPM PPB PPM PPM PPM PPM PPM  
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Table 4. Zn results for all the methods excluding juniper and water results. Empty cells mean that the sample could not been collected from the location and numbers with < indicates that the 

results were below the detection limit. Under the heading “Ore” X marks the samples that were collected above the projected ore. Results are rounded to two decimal places. 

Code Coordinates Aqua Regia.Zn Birch.Zn Ionic Leaching.Zn Weak Leaching.Zn Lingonberry.Zn Pine.Zn Rowan.Zn pXRF.Zn Ore 

L1-S-01 365035.1 7107115 19.45 123.52 60 <0.8 24.85 37.75  25.52  

L1-S-02 365035.1 7107124 9.74 166.09 10 <0.8 23.17 36.65  16.69  

L1-S-03 365035.2 7107133 18.87 146.45 50 <0.8 24.79 36.89  25.56  

L1-S-04 365035.2 7107140 15.04 129.08 20 <0.8 23.60 35.93  19.05  

L1-S-05 365035.2 7107156 18.40 128.90 110 <0.8 22.69 36.81  31.00  

L1-S-06 365035.2 7107162 22.07 73.35 80 <0.8 19.01   17.63  

L1-S-07 365035.3 7107167 18.28 70.87 270 <0.8 12.43   34.33  

L1-S-08 365035.3 7107173 31.67 179.29 470 <0.8 21.75   25.89  

L1-S-09 365035.3 7107179 15.38 34.81 50 <0.8 12.07 0.75  21.14  

L1-S-10 365035.3 7107184 14.60 165.83 210 <0.8 16.28 0.04  31.16  

L1-S-11 365035.3 7107190 15.74 118.47 420 <0.8 20.05 0.04  22.10  

L1-S-12 365035.3 7107195 16.44 143.87 630 <0.8 21.73 0.10  14.03  

L1-S-13 365035.3 7107203 18.45 98.03 490 <0.8 22.43   22.06 X 

L1-S-14 365035.4 7107215 16.27 164.48 170 <0.8 19.71 6.71  18.94 X 

L1-S-15 365035.4 7107225 13.14 146.68 130 <0.8 29.97 7.43  23.61  

L1-S-16 365035.3 7107199 17.78 127.33 480 <0.8 20.70 11.03  13.80 X 

L1-S-17 365035.4 7107209 12.27 122.55 570 <0.8 16.38 7.53  22.48 X 

L2-S-01 364724.2 7107500 40.61  80 <0.8 21.21 11.22 8.37 43.12  

L2-S-02 364728.7 7107503 31.13  300 <0.8 20.97 6.61 6.81 35.79  

L2-S-03 364733.2 7107506 39.49  180 <0.8 23.18 10.94 8.62 50.51  

L2-S-04 364737.6 7107510 48.42  470 <0.8 26.94 12.02 8.10 52.06  

L2-S-05 364742.1 7107513 37.11  390 <0.8 21.62 13.51 9.15 40.01  

L2-S-06 364746.6 7107516 28.66  190 <0.8 24.55 19.84 8.61 33.49 X 

L2-S-07 364751 7107520 44.83  190 <0.8 25.06 11.85 8.41 50.44 X 

L2-S-08 364755.5 7107523 26.68  400 <0.8 16.80 14.36 13.96 33.69 X 

L2-S-09 364759.9 7107526 38.30  650 <0.8 21.53 10.64 9.92 33.53 X 

L2-S-10 364764.4 7107530 33.37  710 <0.8 21.06 11.30 8.44 30.75  

L2-S-11 364771.5 7107535 21.98  340 <0.8 19.58  8.13 24.48  

L2-S-12 364779.5 7107541 29.97  60 <0.8 18.43 14.09 7.38 25.75  

L2-S-13 364673.2 7107488 29.35  710 <0.8 19.65 11.89 6.13 34.43  

Unit X Y PPM PPM PPB PPM PPM PPM PPM PPM  
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5.3 Water 

 

From the water samples, the same elements were analyzed as from the soils and plants. 

Results are presented as parts per billion (ppb). Elements Co, Cu, Zn, As and Cd were 

detected in every sample, but Se was below detection limit in most of the samples. One 

sample has Cu results 103 times larger than other samples, including its duplicate, 

indicating that this sample was somehow contaminated. Duplicates were produced by 

collecting 2-3 samples from the same location and most of those results do not vary 

significantly from others. Blanks were not reported. All reported results for water samples 

come from the micro samples since macro samples did not yield results for Co, Cu, Zn, 

As, Se or Cd. 

 

The results for Cu and Co are illustrated in Figure 25 and Figure 26. In the Figure 25 Cu 

results overall vary only from each other, but there is also differences in the results in the 

samples collected from the same spot. In the Figure 26 Co results do also vary between 

the samples taken from the same spot. However, the two most southeast samples are 

significantly higher than other. These samples are collected from the ditch that discharges 

water from the pond. Interestingly, they have significantly higher values than samples 

collected directly from the pond. There is some difference between the samples collected 

from the same place, but these samples are not the same from Cu and Co. 

 

For the As and Zn water results had significantly less variation between the duplicates. 

Most of the samples had almost identical results as their counterparts. Samples collected 

directly from the pond had significantly smaller Zn results than the other samples 

collected more far away from the pond. These same samples don’t have similar properties 

for As, however they are somewhat greater than samples collected from the pits nearby, 

but significantly smaller than samples collected form ditch that comes from the pond. 

 

Only total of four samples, from two different locations, were analyzed for the Se. These 

samples can be found from the ditch that comes from the pond, located south, and from 

the pit that’s located northwest corner of the area. These have quite similar values, and 

they are barely above the detection limit. Cadmium results have exceedingly similar 
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characteristics as Zn, lowest values being found from the pond and highest from away 

from the pond. However, Cd values have more variance in their duplicate values than Zn. 

 

 
Figure 25. Map of the water results of Cu for whole study area. Data is clustered using Jenks natural breaks. Background 

orthophoto from the National land survey of Finland (2020). 
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Figure 26. Map of the water results of Cu for whole study area. Data is clustered using Jenks natural breaks. Background 

orthophoto from the National land survey of Finland (2020). 

 

6. DISCUSSION 

6.1 Comparison of the Profile-1 and 2 

 

On the Profile-1 multiple elements with multiple methods were found to have elevated 

anomalies. Ionic leaching, weak leaching, pXRF and pine results exhibit clear Co-

anomaly on the top of the sulfide ore outcrop. Pine bark results are somewhat uncertain 

due to missing data points and, like pXRF, only three of the analyses are above the 

detection limit. Ionic and weak leaching data have similar characteristics and seem to 

have strong mutual correlation (Figure 27). Interestingly, both methods yielded highest 

concentrations at the hanging wall side of the ore deposit. Birch results for cobalt are 

somewhat inconsistent and have quite a lot of noise. However, when analyzing data with 

three period moving averages the highest Co concentrations are located above the sulfide 

ore (Figure 28). Copper anomalies were not detected on the ore at the Profile-1. 

 

Addition to previous methods, Co was detected on the hanging wall side by using aqua 

regia, lingonberry, and birch on Profile-1. Even though lingonberry produced only one 
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result it was alongside with aqua regia the most reliable method creating a clear anomaly. 

The only lingonberry result for Co was detected from the same location as the highest 

aqua regia result. Highest concentration for ionic leaching, birch and weak leaching were 

detected at the same spot. However, neither one did not have as clear anomaly as 

lingonberry or aqua regia. 

 

 
Figure 27. Correlation between weak leaching and ionic leaching results for Co. R2 value represents the accuracy / 

similarity of the results. 

 
Figure 28. Line chart of Co results from birch leaves. Three period moving average trend line added to analyze data.  

 

Ionic leaching, lingonberry and birch leaf analysis yielded clear As anomalies on the top 

of the ore. Birch analyses show clear positive anomaly above the sulfide ore, while ionic 

leaching and lingonberry anomalies are weaker compared to that of the birch. On the 
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hanging wall side of Profile-1, a major As anomaly was detected using aqua regia and 

pXRF. 

 

Anomaly for Cd was evident in ionic leach data and to some extent also weak leach, pine, 

and birch data yield Cd-anomaly above the ore on the Profile-1. Weak leaching had only 

one clearly anomalous point, birch anomaly is located on the boundary of the ore and pine 

data lacks some data points. Ionic leaching also yielded clear anomalies for Se and Zn. 

Methods that detected elevated Cu anomaly were: Ionic leaching, aqua regia, pXRF, and 

lingonberry. Ionic leaching, aqua regia and pXRF yielded distinct anomaly outside of the 

ore results similarly decreasing towards to the ore (Figure 29). Due the length of the 

Profile-1 there is not enough data from the footwall side of the ore to make any predictions 

how these methods work on the Profile-1. 

 

 
Figure 29. Results for Cu along Profile-1. Aqua regia and pXRF values are defined on the left Y-axis and ionic leaching 

on the right Y-axis. Results decreasing towards to the ore. 

 

On the Profile-2 aqua regia and pXRF results formed an Co anomaly above the ore. 

Addition to this, weaker anomalies were created from ionic leaching, weak leaching, and 

pine. Pine had only one result that was located above projected ore. Weak leaching and 

ionic leaching had minor anomalies over the ore, however both have greater results on 

the footwall side. There are no significant Co anomalies on the hanging wall side of the 

ore on the Profile-2. Ionic leaching and weak leaching have distinctive Co anomalies on 

the footwall side of the ore and values could have continued increasing if the profile 

would have continued beyond the end. 
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Clear Cu anomaly over the ore on the Profile-2 was produced by the pXRF results. Ionic 

leaching, aqua regia and rowan also produced anomalies over the ore, however the results 

did not vary greatly between the samples on the profile. There are no strong anomalies 

for Cu on the hanging wall side. Ionic leaching, lingonberry and pine have a Cu anomaly 

on the footwall side of the ore. Compared to lingonberry and pine, anomaly for ionic 

leaching is more distinctive. 

 

For the As pine, aqua regia were the methods that yielded strong anomalies over the ore 

on the Profile-2. However as mentioned earlier in 5.2.1 Pine, As results and diameter of 

the pine had correlation and therefor only pines with similar diameter should be compared 

with each other. Ionic leaching had only one significantly higher concentration over the 

ore. Weak anomalies for As were detected from hanging wall side of the ore from ionic 

leaching, pine and rowan. These methods have samples with higher As results on the 

hanging wall side, but values do increase towards the ore from each method. 

 

Alike to As, pine results create Zn anomaly over the ore on the Profile-2 and the highest 

result is in at the same location with As. Lingonberry and rowan have minor Zn anomalies 

over the ore. In aqua regia, pXRF and lingonberry at the border of projected ore trend of 

values is decreasing towards the footwall side. Ionic leaching has Zn anomaly on the 

border of the projected ore on the footwall side. 

 

Pine has only one Se results from Profile-2, and it is from the sample located above the 

ore. Aqua regia yilded weak Se anomaly on the hanging wall side of the ore. Aqua regia 

and ionic leaching have minor Se anomalies on the footwall side of the ore. Aqua regia, 

pine and rowan have an Cd anomaly on the hanging wall side of the ore. Aqua regia has 

results only one point, but it is from the same location as the pine results highest Cd result. 

 

On both Profiles-1 and 2, Co was the only element that was detected to have elevated 

concentration over the projected ore. Methods that detected elevated Co concentration 

were: Ionic leaching, weak leaching and pXRF. Cobalt results for pine are somewhat 

uncertain because samples could not be collected from every location along Profiles-1 

and 2. Addition to this, a large number of samples were below the detection limit. 

Connections between the geochemical and biogeochemical methods in Co samples are 
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not obvious. More delicate analyzing method for pine and lingonberry could clarify the 

results. Cobalt anomalies were also found from the hanging wall side on both profiles 

with ionic and weak leaching. This anomaly on the hanging wall side is stronger than on 

the ore on Profile-1. Pine and pXRF had anomalies on the hanging wall side only on the 

Profile-1. Aqua regia does not have an Co anomaly over the ore on the Profile-1 but it 

does on the Profile-2. On the hanging wall side of the Profile-1 aqua regia has significant 

Co anomaly that is located on the proximity of the ionic and weak leaching anomalies. 

Aqua regia results have similarities on the Profile-2 with ionic leaching, weak leaching, 

pXRF and pine. 

 

On the hanging wall side of both profiles only Cu was detected with multiple methods. 

Methods that detected elevated Cu anomaly were: Aqua regia, pine and lingonberry. 

These methods have strong and distinctive anomalies on the hanging wall side of the ore 

on the Profile-1, but on the Profile-2 the variation between the results is minor compared 

to Profile-1 (Figure 32). Pine results are somewhat uncertain due the missing samples 

from the profile. Despite of the minor anomalies on the hanging wall side of the ore, 

similarities between the results of these three profiles are almost nonexistent.  

 

Ionic leaching and lingonberry results had similar As anomalies on the profiles one and 

two. These anomalies can be found both from the hanging wall side - and on the ore 

(Figure 33). Despite of the similarities, there is no strong correlation between results. 

Some unclarity in the results is created by lingonberry samples that were under the 

detection limit on Profile-2. 

 

Similarities on both profiles are found from Zn results from aqua regia, lingonberry and 

pXRF. Zinc results differ from Cu due the amount of noise in aqua solids and pXRF 

results. Despite slightly different behavior of results, between profiles and methods, 

results are in the same magnitude class. Similarities between the methods are anomalies 

on the hanging wall side and increase on the same sample (L2-S-07) on the ore (Figure 

34). 

 

Ionic leaching has Se anomaly over the ore on both profiles, however on the Profile-2 

result values are a third compared to the Profile-1 results. There were no similarities 
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between the other methods. Pine has weak Cd anomaly on the hanging wall side of the 

ore on both profiles. There were no similarities between the other methods. 

 

Cu, As and Zn were the only elements that were detected from the study area with both 

conventional geochemical and biogeochemical methods. Connection between 

fundamentally different methods is difficult to establish, but this is not necessarily 

significant when judging the practicality of the method. Connections found and 

mentioned above are significant, however the lack of the connection does not necessarily 

mean that the method does not work. The fact that there was no connection between the 

Co results from biogeochemical methods and results from ordinary geochemical methods 

from both profiles, does not imply that it is not functional. 

 

On the footwall side of both profiles elevated Cu anomaly was detected using Aqua regia. 

However, it was not detected with any other method and on the Profile-1 the footwall side 

of the ore has very few samples collected. To determine if there is significant difference 

between the results on the footwall or the hanging wall side of the ore more sample points 

should have been collected. Additional samples from the footwall side would create 

clarity of the possible characteristics of the methods. 

 

Differences between location of element concentrations in aqua regia results in Profiles-

1 and 2 can be explained by the glacial flow in the area. For example, in Figure 31 & 

Figure 32 Co and Cu concentration are above the ore on Profile-2 and on the hanging wall 

side of the ore on Profile-1. General direction of glacial flow in the area is from NW to 

SE (Ahokangas & Mäkinen 2014). Ore runs more W-E direction than the flow direction 

on Profile-1 and the Profile-2 ore is  same direction as the glacial flow. Therefore, the 

moraine from the ore is spread to the hanging wall side on the Profile-1 but does not 

appear on the hanging wall side on Profile-2. Addition to this Profiles-1 and 2 (Figure 1) 

are constructed in the way that direction of the Profile-1 is more influenced with the 

movement of the ice flow in the area. 

 

Ice flow does not affect the ionic leaching the same way as it does aqua regia. This is 

because aqua regia analyzes the metals in moraine (Niskavaara, H. 1995), and ionic 

leaching analyzes the leaking ions from the ore (Sato & Mooney 1960, Bajc, A. F. 1998). 
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In the study area ore dips to SW direction and in earlier studies (Taipale 2015, Isohanni 

1984) elevated metal concentrations are detected SW direction from the ore, beneath the 

Profile-1. Metal concentrations of plant samples have similarities from both ionic 

leaching and aqua regia trends but follow more aqua regia anomalies (Figure 31, Figure 

32 & Figure 34). 

 

Analyzed pH concentrations are high in same locations as ionic leaching concentration 

for Co as As (Figure 30). In general, high pH relates to high metallic concentration 

(McBride 1991, McLaughlin et al. 2000). Copper and Zn had weaker correlation with pH 

than Co and As. 

 

 
Figure 30. Ionic leaching results for Co & As concentration and pH. 
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Figure 31. Cobalt results on profiles 1 & 2 for aqua regia, ionic leaching, weak leaching, pine and pXRF. Gray areas represent ore, yellow line is aqua regia, purple line is ionic leaching, red line 

is weak leaching, blue line is pine and green line is pXRF. The pine result that is outside of the chart is ~1.07 ppm. This one was left to keep weak leaching results more representable. 
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Figure 32. Copper results on profiles 1 & 2 for aqua regia, pXRF, lingonberry and pine. Gray areas represent ore, yellow line is aqua regia, green line is pXRF, brown line is lingenberry, blue line 

is pine and dark green is rowan. 
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Figure 33. Arsenic results on profiles 1 & 2 for ionic leaching, lingonberry, birch and rowan. Gray areas represent ore, purple line is ionic leaching, brown line is lingonberry, light blue is birch 

and dark green is rowan. 
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Figure 34. Zinc results on profiles 1 & 2 for aqua regia, lingonberry and pXRF. Gray areas represent ore, yellow line is aqua regia, brown line is lingonberry and green line is pXRF. For additional 

interpretation three moving average trendlines are added.
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6.2 Profile 3  

 

On the Profile-3 only samples of juniper were collected. From these samples Co, Cu, As, 

Zn and Cd were detected. However, for each element and for the same one sample, the 

collected duplicate has twice or more of the value than the other sample. This creates 

uncertainty in the juniper results, especially when considering that the sample is located 

above the projected ore. Addition to this another duplicate sample collected from the end 

of the profile on the footwall side and there is also a major difference in the results for 

each element (excluding Cu). In short, each duplicate created from the juniper samples, 

have almost twice the value compared its other half. However, it must be noted that 

neither duplicates was created from the same homogenous material. Both were collected 

to the separate bags on the field and analyzed as independent sample. Addition to these, 

the first sample of the profile, on the hanging wall side of the ore, for Co and Cu is 

increased manifold compared other results on the profile (excluding the Co duplicate). It 

is unlikely that contamination could cause major elevation in almost each element 

examined. Therefor collected samples must differ somehow from one of another and 

caused elevated values. 

 

6.3 Metal content of plant species 

 

In this study samples were collected from a somewhat restricted area and therefore 

comparison to studies performed elsewhere is necessary. Unfortunately, metal content 

rowan has not been studied before in Finland. Analytical methods used in other studies 

were HNO3/HClO4 (Poikolainen 1997, Moilanen & Issakainen 2003) and HNO3/H2O2 

(Rautiainen 2012) based wet digestion methods. Addition to these, method where the 

ashed sample was digested using 1:1:1 ratio of HCl/HNO3/H2O solution (Middleton et al. 

2018) was compared to juniper results of this study. Neither of the methods are not exactly 

same as one used in this study. Ashing can cause significant differences in recovery rates 

of elements (Enders & Lehmann 2012, Akinyele & Shokunbi 2015) and this must be 

considered when interpretating results. Arsenic was not detected in any of the studies. 

Compared studies collected samples from the area that was thought to be in natural state 

and not contain any metallic anomalies. Elemental concentrations mentioned in text 

bellow are presented in Table 5. 
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Table 5. Plant samples element concentrations. Average concentrations of Co, Cu, As and Zn bolded in the table. 

Concentration range analyzed in this study is in brackets. Concentrations from compared studies are italicized.  

Metal Birch Lingonberry Pine Juniper 

Co (range) 0.650 (< 0.11 - 1.44) 0.14 (<0.11 - 0.136) 0.13 (0.13 - 1.07) 0.27 (0.06 - 0.63) 

Compared 
concentration 

(0.6) (4.5) (0.06 - 0.11) (0.34) 

Cu (range) 5.05 (3.56- 7.42) 4.08 (2.69 - 7.85) 2.58 (1.87 - 3.43) 4.47 (2.08 - 16.72) 

Compared 
concentration 

(4.4 - 4.5) (3.5 - 16.9) (2.5 - 4) (2.37-2.5) 

As (range) - - - 0.034 (0.018 - 0.06) 

Compared 
concentration 

- - - (0.016) 

Zn (range) 125.9 (34.8 - 179.3) 21.1 (12.1 - 30.0) 14.64 (0.04 - 37.7) 15.31 (9.5 - 28.2) 

Compared 
concentration 

(130 - 415) (23 - 45.1) (14.7 - 20.3) (16) 

 

Elements that had comparative concentrations for birch were Cu, Zn and Co. Copper and 

Zn were detected in two studies (Rautiainen 2012, Moilanen & Issakainen 2003) and Co 

in one study (Rautiainen 2012). Detected concentrations in compared studies are Co: 0.6 

ppm, Cu: 4.4 - 4.5 ppm and Zn: 130 - 415 ppm. In this study analyzed concentrations 

were Co: 0.65 ppm (average), 1.44 ppm (max), < 0.110 ppm (min); Cu: 5.06 ppm 

(average), 7.42 ppm (max), 3.56 ppm (min); and Zn: 125.86 ppm (average), 179.3 ppm 

(max), 34.8 ppm (min). Cobalt concentration in birch leaves in the study area is on 

average higher than in the compared study. Highest Co concentration is more than twice 

higher than compared average result for Co. Copper concentration for birch in this study 

are in average higher than in compared studies. Lowest detected value is slightly lower 

than in average result in compared studies and highest concentration is well above the 

compared average. Zinc concentration greatly vary from each other in compared studies 

and concentrations detected in this study are in the lower limit of the compared results. It 

is difficult to say whether the study area has significantly high or low results on a national 

level. However, the lowest detected value is well below the average from compared 

studies. 

 

Lingonberry has same three elements detected from two different studies, as did birch. 

Copper and Zn were detected in two studies (Rautiainen 2012, Moilanen & Issakainen 

2003) and Co in one study (Rautiainen 2012). Detected concentrations in compared 

studies are Co: 4.5 ppm, Cu: 3.5 - 16.9 ppm and Zn: 23 - 45.1 ppm. In this study detected 

concentrations are Co: 0.136 ppm (average), 0.136 ppm (max), < 0.110 ppm (min); Cu: 

4.08 ppm (average), 7.85 ppm (max), 2.69 ppm (min); and Zn: 21.11 ppm (average), 30.0 
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ppm (max), 12.1 ppm (min). Only one lingonberry sample had Co concentration above 

the detection limit, but despite of this it is quite clear that Co concentration in lingonberry 

leaves is significantly lower than in compared studies. Copper concentration of 

lingonberry were in the range of compared studies. Zink concertation does not appear to 

have significant differences between the studies. 

 

Elements that had comparative concentrations for pine were Cu, Zn and Co, and all 

elements were detected in same study (Poikolainen 1997). Detected concentrations in 

compared study are Co: 0.06 - 0.11 ppm, Cu: 2.5 - 4 ppm and Zn: 14.7 - 20.3 ppm. In this 

study detected concentrations are Co: 0.13 ppm (average), 1.07 ppm (max), 0.13 ppm 

(min); Cu: 2.58 ppm (average), 3.43 ppm (max), 1.87 ppm (min); and Zn: 14.64 ppm 

(average), 37.7 ppm (max), 0.04 ppm (min). In this study only fifth of samples had Co 

concentration above the detection limit. However, the high detection limit in this study 

compared to the other study creates uncertainty to the results. Despite of this Co 

concentration of pine in the study area is well above the average concentration in 

compared study. Copper concertation is in average rage of compared study and Zn 

concentration is slightly higher than average concentration in compared study. 

 

Juniper results for Co, Cu, As and Zn were compared with two studies (Moilanen & 

Issakainen 2003, Middleton et al. 2018). Detected concentrations in compared study are 

Co: 0.34 ppm Cu: 2.37 - 2.5 ppm, As: 0.016 ppm, and Zn: 16 ppm. In this study detected 

concentrations are Co: 0.27 ppm (average), 0.63 ppm (max), 0.06 ppm (min); Cu: 4.47 

ppm (average), 16.72 ppm (max), 2.08 ppm (min); As: 0.03 ppm (average), 0.06 ppm 

(max), <0.018 ppm (min); and Zn: 15.31 ppm (average), 28.2 ppm (max), 9.5 ppm (min). 

Copper and As concentrations in this study are significantly higher than in compared 

study and Co and Zn concentration are in average in the same rage, but highest 

concentrations for both elements are well above the average level. 

 

Compared studies had somewhat vide range of concentration in each element. Assay 

methods and study area’s characteristics have most likely affected to this. However, pine 

bark data in Poikolainen (1997) has been collected extremely large area covering 

basically whole Lapland and therefore could be considered as national average 
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concentration. Range of available studies in this topic is narrow and more recent studies 

are hard to find. 

 

6.4 Composition of water 

 

As mentioned in the 4.3 Water, the water results were unpredictable and the variation 

between the samples collected from the same locations were considerably high. In 

addition, the samples were collected at considerably different locations: pond, ditch and 

pit. Despite this Co, Cu, As and Zn results of this study can be compared to concentrations 

analyzed from stream waters around the Finland and Kalajoki area. Concentrations have 

yearly variance, but this difference is only significant for Zn (Tenhola & Tarvainen 2008) 

in the study area. In the Kalajoki area median concentrations for fresh water sources are 

Co: 1.24 μg/l; Cu: 2.51; As: 1.16 μg/l; and Zn: 12.83 μg/l (Finnish Environment Institute). 

Copper and As were above the median concentration from every sample. Cobalt 

concentration was below the median in three samples, which all were collected from the 

pond. However, duplicate for each of these three samples was above the median 

concentration. All Zn values were below the median concentration for all, except for two 

samples. These two samples were collected from the same location. Samples were 

collected from a small pit likely filled with rainwater. 

 

Concentration from different sources in the study area vary from each other element to 

element. Ditch running of from the test pond has highest average Co and As 

concentrations and pits have highest average Zn concentration (Table 6). Copper has 

highest average concentration in samples collected from pond when excluding one result 

from pit that was hundred-fold higher than other Cu values detected in this study. Most 

significant difference in average concentrations can be found in Zn. Concentration of Zn 

in the pond is significantly lower compared to the other results. It seems that Zn transfers 

into water easier from the soils than from bedrock. It could also be possible that Zn 

concentration is higher in the soils than in the bedrock in the area. 
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Table 6. Average concentration of elements in water samples of this study. 

Location Co Cu Zn As Unit 

Ditch 4.992 4.859 11.166 16.035 ppb 

Pond 2.991 5.578 1.419 4.732 ppb 

Pit 2.280 5.126 12.436 4.780 ppb 

 

6.5 Exploration implications 

 

According to the results of this study biogeochemical methods can be used for ore 

exploration. This method would be most useful in brown- and greenfield exploration 

stages. At these stages data is collected from vast areas and the process should be swift 

and cost efficient. With methods introduced in this study, samples can be collected 

extremely quickly compared to classic exploration methods such as base-of-till sampling. 

Addition to this less equipment must be carried and impact to the appearance of the test 

area is smaller than in classic exploration methods. Multiple different samples can be 

collected at the same time and due to the lighter weight samples, physical burden is easier 

to those working in the field. Downside of this method is that flora might not be consistent 

throughout the whole study area. In this study, samples were collected during the early 

summer and only new grown parts were collected. This is something that should be 

considered in future studies and comparison between the seasonal changes in samples 

should be studied. 

 

Biogeochemical methods in this study do not seem to work practically for the Co. 

However, according to other results it seems that lingonberry and pine would be the most 

suitable plant species for Co exploration. From seventeen birch samples only three were 

not able to produce results above the detection limit, but despite this there was noise in 

results (Figure 28). In the case birch samples could have been collected from the Profile-

2 as well, this could have clarified the noise issue. Because of the compact number of 

samples, it cannot be stated if the birch cannot be used at all in the Co exploration. Birch 

results for Cu are similar to Co results and this indicates that birch might not the best 

option for exploration for neither of those elements. However, according to As results, 

birch might not be the optional plant for exploration, but it certainly has some potential. 

Rowan could not be determined to nether work or not to work as an exploration method 

for Co due the fact that all of the measured samples were below the detection limit. 
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According to this study it appears that biogeochemical methods are more favorable for 

Cu exploration than for Co. On the Profile-2, the strongest Cu anomaly was produced by 

the rowan results. Rowan was also the only method that yielded distinctive Cu anomaly 

directly over the ore. Rowan results for Cu are similar to Zn, but for As the anomaly is 

located on the hanging wall side. Results indicate that rowan leaves could be used as 

biogeochemical exploration method for Cu and Zn, and possibly for As. Proving rowan 

leaves as working concept more samples should be collected from greater area, however 

due the fact that rowan is somewhat rare plant this method might not be deployed. 

 

Lingonberry results produced Cu anomalies on the hanging wall side of the ore on both 

profiles and results appears to be consistent. Lingonberry results have negative Zn 

anomaly hanging wall side of the ore. This does not repeat in any other elements and 

might be coincidental or specific characteristics for Zn and lingonberry. Lingonberry 

method appears to work also for As. Possibility for lingonberry leaves being suitable for 

biogeochemical exploration for Co cannot be stated due the fact that there was only one 

samples that had Co above the detection limit. With more accurate detection method 

lingonberry could be possible exploration method for Co, acknowledging that lingonberry 

is widely found from Finnish nature. 

 

Significant drawback in this study was the absence of pines to sample in the study area. 

Pine results were in general above the detection limit in all elements interested, only 

element that had major problem results being under the detection limit was Co. Despite 

of this pine produced interesting results for Co and more sensitive detection method could 

solve this problem. Pine was the only method that had detected correlation between the 

size of the plant, in this case diameter of the trunk, and element concentration, as 

mentioned in 5.2.1 Pine the element was As. Regardless fact that the correlation was 

weak, according to the results of this study using pine in As exploration is not advised. 

More extensive study is needed to conclude if the pine bark is not suitable for the 

biogeochemical exploration for As or not. 

 

In this study juniper did not produce expected results. In the previous studies (Pulkkinen 

et al. 1989 & Middleton et al. 2018) juniper has produced exemplary results and indicated 

that it would be suitable for biogeochemical exploration. However, in this study the 
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results were contradictory compared to previous ones. One decisive factor in these 

contradictory results is the sample size and another is the size of the area they have been 

collected. Small sample size from relatively narrow study area can produce unreliable 

results. Reason for the collected sample size and the study area is the occurrence of the 

juniper in the area. According to previous studies and the uncertainty of the results in this 

study juniper cannot be determined to be suitable nor unsuitable for biogeochemical 

exploration. 

 

Additional scientific investigation on this study area and on deposits with different 

characteristics would clarify the properties of each biogeochemical method. From one 

study it is impossible to declare the most suitable method for ore exploration. In the future 

studies more samples should be collected from a broader area to determine the suitability 

of the method. Samples collected from tails of the profiles could be collected by greater 

pacing to extend profiles without creating a massive number of samples. This study, and 

particularly the Profile-1, is missing out the clear background sample. On the Profile-2 

the background sample is the sample L2-XX-13, but one sample could have been 

collected form significantly further away, and form footwall side as well. 

 

7. CONCLUSIONS 

 

Aim of this study was to examine potential biogeochemical exploration method for Co. 

This study took place at Rautio village in North Ostrobothnia. The mineralization that 

was used as a case study in this work is the Jouhineva Co-Cu-Au mineralization which is 

currently under control of the European Cobalt Ltd.. In this study plant, soil and water 

samples were collected from the area. Soil and most of the plants were collected from 

two main profiles that were planned to cross the projected outcrops of the ore. In the area 

some of the ore was already test mined affecting the planning of the profiles. Third profile 

was only sampled for juniper and water was collected from all around the area. 

 

Plant samples collected from the area were lingonberry leaves, pine bark, birch leaves, 

rowan leaves and juniper needles. These samples were collected from as nearby as 

possible to locations of soil samples. Total number of collected samples is 60 soil 
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samples, 95 plant samples and 20 water samples. By comparing results from these 

samples to each other, the goal was to develop a novel application for mineral exploration. 

 

In this study it was made clear that direct comparison between different exploration 

methods is difficult and might vary from element to element. It appears that different 

plants have different characteristics and behave differently for different elements. Despite 

the fact that pine sampling had some gabs on the study profiles and many assay results 

for Co were below the detection limit, pine samples showed most promising results for 

Co exploration. Most of the elemental concentration in birch results had some noise and 

only one lingonberry sample had Co concentration above the detection limit. However, 

with more sensitive analytical method and greater sample number could clarify suitability 

of these two methods. Rowan had no results above the detection limit and therefore 

evaluating its suitability is not possible. 

 

Lingonberry samples produced somewhat promising results for Cu exploration. High Cu 

anomaly was located on the hanging wall side of the ore. Copper concentration in pine 

samples did not vary as significantly as Co concentration. Rowan appears to be a suitable 

plant for Cu exploration with high anomaly above the ore. However, because rowan 

leaves could be collected only from the Profile-2, more extensive studies would be needed 

to confirm the method. Lingonberry samples had promising results also for As and Zn. 

For both elements, anomalies were found above the ore. However, addition to these minor 

anomalies were found for both elements from the hanging wall side. 

 

According to the results of this study pine and lingonberry would be the most promising 

methods for biogeochemical exploration. Both plants are widely found in Finland and 

other Nordic countries. Rowan is potential specimen for further studies but due its relative 

rarity compared to the other species used in this study, possible test locations could be 

limited. By its occurrence birch could be suitable plant for further studies, however 

because results had quite a lot of noise, this method seems not to be suitable for 

exploration nor for the future studies. Juniper results were contradicting with the previous 

studies and due the somewhat irregular occurrence in the nature it can be difficult to 

utilize in systematic nature of ore exploration. Summarized potential for each method for 

exploration of Co, Cu, As and Zn can be seen in Table 7. To confirm any of the methods 
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more extensive study should be performed for wide range of different ore types. 

Regulated analyzation method with lower detection limit and addition of a wide range of 

basic studies could clarify some of the uncertain results. 

 

Table 7. Different methods used in this study and their potential for Co, Cu, As and Zn prospecting in the study area.  

Methods are ranked from highest to lowest potential as following: Excellent, Good, Fair, Poor, Bad. 

 IonicLeaching AquaRegia WeakLeaching pXRF Pine Lingonberry Birch Rowan Juniper 

Co Fair Good Fair Fair Excellent Good Fair Bad Fair 

Cu Fair Good Bad Good Poor Good Fair Excellent Good 

As Good Good Poor Good Poor Good Good Good Good 

Zn Poor Fair Bad Fair Poor Poor Poor Good Fair 
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