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“If I have seen further it is by standing on the shoulders of giants.” 

(Isaac Newton, letter to Robert Hooke, February 5, 1675)



Abstract 
The Ersmarksberget gold mineralisation occurs in north-south striking, discontinuous quartz 
veins in the contact between a tonalitic intrusion (Juktan dome) and metagreywackes in the 
northern part of the Bothnian Basin, northern Sweden. The mineralisation is localised within 
sulphide and organic matter rich metasedimentary rocks. Metallurgical test work on the 
mineralisation produced low gold recoveries. Comprehensive ore mineralogy is essential for 
the gold recovery process. 

Forty polished thin sections were analysed using optical ore microscopy, scanning electron 
microscopy and the electron microprobe microanalyser. These analyses revealed that gold 
occurs as electrum with an Au:Ag ratio of approximately 5:1. The electrum occurs as free 
grains within quartz grain boundaries, intergrown with arsenopyrite crystals, filling in micro 
fractures and voids in the silicate matrix and arsenopyrite crystals, and clustered around the 
arsenopyrite-quartz grain boundaries. Arsenopyrite is the only sulphide associated with 
detectable electrum. The electrum has varying particle sizes ranging from less than 10 
microns to more than 100 microns. A good fraction of the electrum is also submicroscopic. 
The gangue minerals include arsenopyrite, pyrite, chalcopyrite, galena, calcite, graphite and 
quartz. 

Low gold recoveries have been attributed to the chemical composition of the gold, reactive 
gangue minerals and preg-robbing minerals. Increasing the reaction time and/or reagents 
concentration, blinding of the gangue minerals, roasting of the ore or other oxidation methods 
will increase gold recoveries. Similarly an additional processing stage to eliminate or reduce 
some of the gangue minerals prior to cyanidation will improve gold recoveries. 

Key words: Ersmarksberget, orogenic gold, northern Sweden, low gold recoveries, reactive  
                  gangue, electrum, graphite.
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1 Introduction 

1.1 Background information 
The Ersmarksberget gold mineralisation is situated in the northern part of the Gold line 
southwest of the village of Sorsele and northwest of the town of Storuman in the Västerbotten 
county, northern Sweden (fig. 1) (Lappland Goldminers AB. October press release, 2009). 

 

Fig. 1. Map showing gold mineralisation along the Gold line (Lappland Goldminers AB. 
October press release, 2009). 

 

Two contrasting ore systems occur within the deposit; an epigenetic gold-bearing ore type 
hosted by quartz veins and a Pb-Zn-Ag mineralisation in metasedimentary host rocks. Both 
ore systems are found near the contact between metagreywackes and a tonalitic intrusion 
(Juktan dome) (fig. 2). The mutual relationship between the two ore systems is not well 
known and it is possible that the two formed during discrete shearing events (Bilström and 
Broman, 2010). 
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Fig. 2. Geological map of the Ersmarksberget mineralisation (after Pratt, 2005). 

 

This thesis project is concerned only with the gold mineralisation. The gold mineralisation at 
Ersmarksberget occurs in north-south trending discontinuous quartz veins of varying widths. 
The gold in Ersmarksberget is hosted by sulphide-rich quartz veins and in graphitic 
metasedimentary rocks in contact with the quartz veins. The gold is fine grained and usually 
difficult to see in hand specimens even though there have been instances where gold has 
reportedly been seen with the help of a hand lens. 

In August 2008, Lappland Goldminers AB bought the Ersmarksberget gold mineralisation 
from Scan Mining AB. A mineral reserve estimate was later carried out by Thomas Lindholm 
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of Geovista AB. He used the inverse distance method with a cut-off of 0,5 g/t Au and a top 
cut of 8,0 g/t Au. His estimates gave measured and indicated mineral resource to date of 
448,000 t with 2,85 g/t (Lappland Goldminers AB, press release, October 2009). These values 
may change in the future since the mineralisation is open towards depth. 

It is usually not enough just to know the grades of a metal in a mineral deposit. After finding 
out that the grades are economic, it is important to understand the in situ properties of the 
mineral(s) of interest as well as those of the associated gangue minerals. One of such 
properties is the mineralogy. Good knowledge of the ore mineralogy is of great importance to 
the recovery and metallurgical processes. Although it is widely understood that direct gold 
mineralogy can have a profound effect on processing, the difficulties and cost associated with 
a comprehensive characterisation of gold-bearing ores means that proper mineralogical 
analysis is often not undertaken until after a processing problem has been established. The 
Ersmarksberget gold mineralisation is again approaching the production stages and getting the 
right information about the setting and mineralogy of gold and the associated gangue minerals 
in this mineralisation is of paramount importance to the gold recovery and metallurgical 
processes. 

Metallurgical test work performed on the mineralisation gave very low gold recoveries, less 
than fifty percent. The metallurgist attributed the low recoveries to the presence of organic 
matter, which has been metamorphosed to graphite. It is believed that carbon and other 
carbonaceous material in the mineralisation are adsorbing the gold from the pregnant solution 
and since the carbon and carbonaceous material end up in the tailings fraction, the adsorbed 
gold is lost with it in a process known as preg-robbing. However there are several causes for 
“disappearing gold” during processing and without fully understanding the gold mineralogy 
and those of the associated gangue minerals, it is difficult to say for sure what the actual cause 
maybe. 

Understanding the comprehensive mineralogy of the Ersmarksberget gold mineralisation is 
the main aim of this work. More often than not, gold occurs as fine, disseminated particles in 
its ores, sometimes resembling some iron-copper sulphides in hand specimens and in polished 
thin sections. A large number of samples are usual required to carry out such studies because 
gold mineralisation usually have low gold grades. The challenge begins right from selecting 
the right samples (gold-rich). 

All the samples used in this study were taken from drill cores. Assay data provided by the 
company served as a guide in selecting the drill cores and portions of the cores with high 
potential of containing gold particles. 

Polished thin sections were made from the samples collected. The polished thin sections were 
observed under the standard petrographic microscope. The microscopic studies were used to 
discriminate between samples with gold and those without and to understand the deposit 
geology. The samples with gold were further studied using the scanning electron microscope 
(SEM) and electron microprobe analyzer (EPMA) to determine the composition of the gold 
and the sulphides 



4 
 

1.2 Aim, scope and structure 
As mentioned in the introduction, contrary to the expectation of the company, metallurgical 
test work carried on the Ersmarksberget gold mineralisation produced very low gold 
recoveries (<50% recovery). The low recoveries were attributed to the carbonaceous material 
present in the deposit, however low gold recoveries during processing and metallurgical 
extraction can be due to several mineralogical aspects of the deposit. 

This study therefore focuses on characterising the mineralogy of the deposit and to predict 
how certain aspects of the ore mineralogy will influence gold recoveries during the processing 
and metallurgical extraction of the gold. Even though no metallurgical work was done during 
this study, a good understanding of the ore mineralogy can help to predict the behaviour of the 
ore during its processing and metallurgical extraction. 

In the context of this study ore mineralogy includes aspects such as the ore texture, mineral 
associations and distribution and the chemical composition of ore and gangue minerals. 
Texture refers to the size, dissemination, association and shape of the minerals within the ore.  

In summary this project therefore has the following objectives; 

 A study of the ore mineralogy 

 The setting of gold, particle sizes and distribution 

 Chemical composition of the gold particles 

 The gangue minerals and their in situ properties 

 Metallurgical implications of the ore mineralogy 

 

To achieve these objectives, several methods, techniques and instruments have been involved 
and they have been explained under the methodology chapter. This work has been divided 
into three sections all aimed at achieving the objectives of the project. 

The first section deals with general knowledge pertaining to the regional setting of the 
mineralisation and some features common to this kind of deposits worldwide. 

The second section is concerned with the features of the Ersmarksberget mineralisation such 
as the deposit geology, mineralogy, and other aspects of the mineralisation relevant to the 
processing   and metallurgical extraction of the gold from the deposit. 

The third and last section of this study examines the implications of certain aspects of the ore 
mineralogy relevant to the processing and metallurgical extraction of the gold. The likely 
reasons for the low gold recoveries during the metallurgical test work have been suggested 
and possible solutions to increase the recoveries have been proposed. 
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2 An overview of orogenic gold deposits 

2.1 Description of orogenic gold deposits. 
In their annual report to the Swedish Geological survey of 2009/2010 Billström and Broman 
described the Ersmarksberget gold mineralisation as epigenetic (Billström and Broman, 2010) 
and detailed mapping of the deposit by Warren Pratt in 2005 suggested that the deposit 
exhibits an orogenic gold style mineralisation (Pratt, 2005). In this work the Ersmarksberget 
gold mineralisation will be considered as an orogenic gold-style mineralisation especially 
because it is not part of the objectives of this project to classify the deposit. 

Groves et al. (1998) defined orogenic deposits as a coherent group of lode-gold deposits 
which form during compressional to transpressional deformation at convergent plate margins 
in accretionary or collitional orogens. According to Groves et al. (1998) orogenic gold 
deposits will include the majority of those deposits which were previously known as gold-
only, load-gold, mesothermal gold, turbidite-hosted gold, slate-belt hosted, greenstone hosted 
Archaean-type or mother lode-type deposits. 

These deposit types are widely recognised in both Phanerozoic mobile belts and in 
Precambrian shields. They have contributed approximately 29% of the world gold production 
until 2002 (Foster, 2002). Although second to the Witwatersrand deposit (39% of world 
production) in terms of productivity, orogenic gold deposits have produced more gold than 
any other gold deposit types (Forster, 2002). The pie chart in fig. 3 shows that in all there are 
63 orogenic gold deposits that have produced more than 100 t of Au (the criterion for world-
class gold deposit), the largest number of any gold deposit type globally (Groves, 2008). 

 

 

Fig. 3. Pie-chart showing gold production per deposit type for the world class gold deposits 
(>100 mt) (after Groves, 2008.). 
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2.1.1 General characteristics of orogenic gold deposits 
Orogenic gold deposits share some common characteristics, which allow them to be grouped 
under this one unifying name. Groves et al. (1998) proposed the following general 
characteristics for this group of deposits 

 Exploited for gold only, or rarely for one or more of antimony, arsenic or tungsten as 
co-products. 

 A distinct ore chemistry; high Au:Ag ratio, base metals only weakly enriched or not 
enriched above background concentration. The Au:Ag ratios are normally >1 and 
rarely <0.1. 

 An intimate association of gold ore with abundant quartz dominated veins, veinlets or 
pervasively silicified rock, gold is present in the veins and/or in the adjacent 
hydrothermally altered wallrock. 

 A paragenetic association of gold with a few percent modal iron and iron arsenic 
sulphide minerals 

 A structural control on the siting and shape of the ore zones 

 Forms at depths of at least a few kilometres in the crust during active deformation and 
metamorphism. 

Orogenic gold deposits may occur in the same orogens as gold rich porphyry-style and 
epithermal vein-deposits (fig. 4). However the porphyry and epithermal deposits occur over a 
very narrow depth range above, and landward of, a continental margin arc, whereas orogenic 
gold lodes extend over a continuum of depths in the growing fore arc region (Ridley, 2003). 
Gold-rich volcanic hosted massive sulphides (VHMS) deposits may also have a gross spatial 
association with orogenic gold deposits, (fig. 4), but typically formed tens of millions years 
earlier and in the oceanic rocks prior to collision with the growing continental margins 
(Groves et al., 2000). 
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Fig. 4. Showing tectonic settings of major gold deposits (after Groves 2008). 

Ridley (2003), noted that although the orogenic gold deposit class is in most cases easy to 
distinguish and discriminate from other gold deposit classes, there is some fuzziness to its 
boundaries- whether specific deposits or groups of deposits belong to this class or to another 
and whether the class is truly homogenous or not. Some of such inhomogeneities include 
unanswered questions such as; 

 Should the vein- or lode-style gold deposit in gold terrains which have unusual 
characteristics, particularly chemistry and mineralogy be included in this class? For 
instance the Big Bell, Hemlo (Ontario), Renco (Zimbabwe) Bulyanhulu (Tanzania) 
which have unusual ore chemistry and alteration mineral assemblages. 

 Should intrusion-related gold deposit be separated from orogenic gold deposits even 
though they have similarities in timing, tectonic settings, chemistry and mineralogy? 
The separation between orogenic gold deposits and intrusion-related deposit is largely 
based on ore genetic models. 

Perhaps the most consistent characteristic of the orogenic gold deposit class is their consistent 
association with deformed metamorphic terranes of all ages. Observations from preserved 
Archaean greenstone belts and most recently active Phanerozoic sedimentary rock-dominated 
metamorphic belts throughout the world indicate a strong association of gold and greenschist 
facies rocks (Groves et al., 2000). 

McCuaig et al. (1993) noted that some significant deposits occur in higher metamorphic grade 
Archaean terranes (e.g. Slave province, Canada) or in sub-greenschist grade domain within 
the metamorphic belts of a variety of geological ages (e.g. Ashanti Belt, West Africa). 

 

2.1.2 Ore genetic model 
Presently there is limited consensus over a genetic model for orogenic gold deposits (Ridley, 
2003). Orogenic gold deposits belong to a group of deposits formed through hydrothermal 
processes. As such there are some steps involved in their formation. For instance, there has to 
be a source of fluids, source of metals, source of heat, channels or conduits for the ore fluids 
to flow and traps for the deposition of the metals (see fig. 5). There is a general agreement on 
the steps involved but specifics about each step are highly debated (Ridley, 2003).  For 
instance, the source of the gold carrying fluid in the formation of orogenic gold deposits is 
strongly disputed. Five different origins have been proposed in recent years; 

 Orthomagmatic-granitic 

 Orthomagmatic-lamprophyric 

 Meteoric 

 Mantle devolatisation 
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 Metamorphic devolatisation 

 

 

Fig. 5. Anatomy of a hydrothermal system (after Groves, 2008). 

Considering that for a given orogenic gold deposit, the possible five-fold uncertainty for the 
source of fluid is multiplied through proposals for the other steps of ore genesis such as 
source of metal, mode of transportation, precipitation and deposition mechanisms, then there 
will be several hundreds feasible ore-system models for this deposit. The steps involved in 
formation of a hydrothermal gold deposit are illustrated in fig. 6. The importance of a ligand 
is emphasised. 
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Fig. 6. A mineral schema system for the formation of a hydrothermal gold deposit (after 
Hagemann and Cassidy, 2000) 

2.1.3 Ore mineralogy 
Orogenic gold deposits are typified by quartz- dominant vein systems with 3-5% sulphide 
minerals (mostly iron sulphides) and 5-15% carbonate minerals. Albite, white mica or 
fuchsite, chlorite, sheelite and tourmaline are also common gangue phases in greenschist 
facies host rocks. Sulphide mineralogy commonly reflects the lithogeochemistry of the host 
rock. Where the country rocks are metasedimentary, arsenopyrite is the most common 
sulphide mineral, whereas pyrite or pyrrhotite is more typical in metamorphosed igneous 
rocks. But within a mineralised terrane any rock type can host ore, although specific rock 
types are typically favoured. e.g. mafic rocks and BIF’s in Archaean greenstone belts (Ridley, 
2003).  Historically the gold grades in this deposit type has been high ranging between 5-30 
g/t but bulk mining methods, and increased gold price have led to the exploration and 
exploitation of lower grade deposits. 

2.1.4 Hydrothermal alteration 
Hydrothermal alterations in mineral deposits are brought about by interactions between the 
wall rocks and the hydrothermal fluids passing through them. Mineralogical assemblages 
within alteration zones and the widths of these zones therefore depend on the hydrothermal 
fluid composition, wall rock type and the crustal level (P-t conditions) in which the deposit 
form. Wallrock alteration around auriferous veins varies from insignificant to intense. For 
orogenic gold deposits, the following alteration minerals are common; carbonate minerals 
include ankerite, dolomite or calcite. The kind of carbonate formed depends on the wallrock 
composition. Silicate minerals in more mafic host rocks alter to more Mg- and Fe-rich 
carbonates.  Sulphide minerals include pyrite, pyrrhotite or arsenopyrite. Sulphidization of 
wallrock is characterised generally by the precipitation of pyrite and (or) arsenopyrite. Alkali 
metasomatism includes sericitization or less commonly the formation of fuchsite, biotite or K-
feldspars and albitization and mafic minerals are highly chloritized. Sericitic and propylitic 
assemblages are present in alteration halos in many felsic to mafic intrusive host rock 
systems. Alteration of plagioclase to sericite is present within a few meters at veins hosted by 
igneous rocks. Amphiboles and diopside occur at progressively deeper crustal level and 
carbonate minerals are less abundant at these depths. Wallrock alteration in greenschist facies 
rocks involves the addition of significant amounts of CO2, S, K, H2O, SiO2, ± Na and LILE 
(Groves & Eilu, 2003). 

2.1.5 Structural control 
Orogenic gold deposits are strongly structurally controlled and the structural control on 
mineralisation is at a variety of scales. Deposits are normally situated in second or third order 
structures, (Groves & Eilu., 2003), most commonly near large scale (transcrustal) 
compressional structures. Sibson et al. (1988) noted that although the controlling structures 
are commonly ductile to brittle in nature, they are highly variable in type ranging from (1) 
brittle faults to ductile shear zones with low-angle to high angle reverse motion to strike-slip 
or oblique-slip motion; (2) fracture arrays, stockwork networks or breccia zones in competent 
rocks; (3) foliated zone (pressure solution cleavage) or (4) fold hinges in ductile turbidite 
sequences. Mineralised structures have small syn- and post-mineralisation displacements, but 
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the gold deposits commonly have extensive down-plunge continuity (hundreds of meters to 
kilometers). Most orogenic gold deposits occur as quartz-carbonate veins and vein networks. 
The veins and vein systems are dominantly discordant, although it is not unusual to find 
concordant auriferous veins especially along dike-turbidite contact. Where competency 
contrasts exist, they provide an important trap for ore (Goldfarb & Groves, 2003). Table 1 is a 
summary of geological features of orogenic gold deposits (after Groves et al., 2003). 

 

Table 1.Summary of geological features of orogenic gold deposits (after Groves et al., 2003) 

Age Range Middle Archaean to Tertiary: Peaks in late 
Archaean, Paleoproterozoic,Phanerozoic 

Tectonic setting Deformed continental margin mainly of 
allochthonousterranes. 

Structural Settings Commonly structural highs during later 
stages of compression and transtension 

Host Rocks Variable: mainly mafic volcanic or intrusive 
rocks or greywackes-slate sequences. 

Metamorphic Grade of Host Rocks Mainly greenschistfacies but sub-greenschist 
to lower granulite facies. 

Association with Intrusions Commonly felsic to lampropyre dikes or 
continental margin batholiths. 

Mineralization Style Variable: Large veins, vein arrays, saddle 
reefs, replacement of Fe-rich rocks. 

Timing of Mineralization Late tectonic: Post (greenschist) to syn 
(amphibolites) metamorphic peak 

Structural Complexity of Ore Bodies Complexity common, particularly in brittle-
ductile regimes. 

Evidence of  Overprinting Strong overprinting in larger deposits: 
Multiple veining events. 

Metal Associations Au-Ag±As±B±Bi±Sb±Te±W 
Metal zoning Cryptic lateral and vertical zoning. 
Proximal Alteration Varies with metamorphic grade: Normally 

mica-carbonate-Fe sulphide 
P-T Conditions 0.5-4.5 kb, 220-600°C; Normally 

1.5±0.5kb,350±50°C 
Ore Fluids Low salinity H2O-CO2±CH4±N2 

Proposed Heat Sources Varied: Asthenosphere upwelling to mid 
crustal granitoid 

Proposed Metal Sources Subducted/subcreted crust and/or 
supracrustal rocks and/or deep granitoids. 
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2.2 Orogenic gold deposits in the Fennoscandian Shield 
Orogenic gold deposits are present in both the Archaean and the Proterozoic units of the 
Fennoscandian shield (Weihed et al., 2005). Sundblad (2003) noted that although the 
currently economic deposits are concentrated in the Palaeoproterozoic domains, tens of 
occurrences have also been identified in the Archaean areas that have been explored for gold 
by modern methods. The apparent scarcity of Archaean economic deposits is probably due to 
the fact that little exploration for gold has been carried out in the Russian part of the Shield 
and that exploration in the Finnish part is relatively recent (Weihed et al., 2005). Eilu and 
Weihed (2005) report that even though age data on orogenic gold mineralizing events are 
scarce, it is possible to constraint three major periods of mineralization; 2.72-2.67, 1.9-1.86 
and 1.85-1.79 Ga. This however excludes a few younger events. They also noted that the age 
data appear to define a rough zonation from NE to SW, which seems to be related to the 
south-westeast growth of the Fennoscandian shield. In explored areas of the Fennoscandian 
shield, nearly all orogenic gold deposits have been discovered since 1980 (fig. 7). Most of the 
deposits are gold only deposits. The Pahtavaara mine is central Finnish Lapland, Björkdal and 
Svartliden deposits in northern Sweden and many other recently opened mines are still in 
operation (Eilu and Weihed, 2005). Gold concentration typically varies from 2-10 g/t. The 
largest known deposit in the shield is the Suurikuusikko (now called Kittilä mine) containing 
more than 70 t of Au (also currently in production) followed by Bjorkdal with more than 50 t 
of Au. Most deposits in the shield have initial resources ranging from 5-15 t of gold. 

The deposits occurring in the Archaean areas of the shield have been directly dated at ca. 
2.72-2.67 Ga. These ages correlate with the most significant event of orogenic gold 
mineralization and juvenile continental growth in northern Europe culminating in the 
formation of the Kalerian craton. The Kalerian craton experienced several episodes of rifting 
between 2.5 and 1.97 Ga. This was followed by a sequence of micro continental accretion, 
continental extension, continent-continent collision and orogenic collapse from ca. 1.92 to 
1.77 Ga. Orogenic gold mineralization occurred during both of the Palaeoproterozoic 
compressional stages, at ca. 1.9 to 1.86 and 1.85 to 1.79 Ga. Mineralization in the SW part of 
the shield appears to be related to a compressional stage of the Sveconorwegian orogeny at 
about 1,000 to 9,50 Ma (Eilu and Weihed, 2005). 
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Fig. 7. Simplified geologic map of the Fennoscandian shield with major orogenic gold 
occurrences (Eilu and Weihed., 2005). 

 

All the discovered orogenic gold deposits in the Fennoscandian shield are structurally 
controlled. The control is typically by lower order structures and at the local scale, lithology 
also controls mineralization (Eilu and Weihed, 2005). Favoured or preferred sites include 

 Pre-gold albitized units 

 Competent units enveloped by softer rocks 

 Contact between chemically reactive rocks with significant competency difference 

Mineral assemblage, textural and structural observations from nearly all the deposits suggest a 
temporal relationship between mineralization and peak of regional metamorphism. However, 
in some Archaean belts, there is also a Proterozoic partial regional metamorphic overprint 
with some remobilization of gold. (e.g. Eilu and Weihed, 2005).  
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No metal zoning has been seen in any of the deposits, with Au, CO2, K, Rb, and S present in 
nearly all deposits. Ag, As, Sb, Te and W are also enriched. The largest enrichment factors are 
typically defined by As, Au, and Te. Pyrite is the dominant sulphide in greenschist facies 
deposits and pyrrhotite in amphibolites facies rocks. Arsenopyrite and/or löllingnite are also 
common. Gold grains occur intergrown with As, Bi or Ti minerals; although in most cases 
gold is in the free milling form. 

Typical gangue minerals are quartz, carbonates, sericite, albite and rutile. Biotite, barite, k-
feldspars and/or tourmaline characterize the gangue in some deposits. 

Alteration includes sericitization and carbonatization at lower to middle greenschist facies, 
biotization and carbonatization at upper greenschist to lower amphibolites facies and 
biotization and formation of K-feldspars and calc-silicates in higher metamorphic-grade 
rocks.  

Fluid inclusion studies indicate that gold-only deposits were formed by low-salinity, neutral to 
mildly alkaline, reducing CO2-H2O± CH4 at a temperature ranging from 200-550 °C and 0.5-3 
kbar pressure. 

Variations in isotope ratios suggest multiple sources of fluids including the hosting orogenic 
belts, deep intrusion and mantle sources (Eilu and Weihed, 2005). 
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3 Geological setting of the Ersmarksberget gold deposit 

3.1 Regional geological settings 
Regionally the Ersmarksberget gold mineralization is located in the northern part of the 
Bothnian Basin (Fig. 8). The Bothnian Basin, which occupies part of the Fennoscandian or 
Baltic shield is a volcano-sedimentary basin extending from central Norrland in Sweden to 
southeastern Finland. It is limited to the south by ca. 1.9-1.8 Ga Bergslagen district, to the 
north by a ca. 1.95-1.8 Ga Skellefte district and to the west by Transscandian Igneous Belt. 
This structural depression is filled by Palaeoproterozoic turbiditic greywackes and mudstones 
(Kumpulainen, 2009). 

The Fennoscandian shield occupies the northern part of Europe extending from Russia to 
Norway. The shield is composed of Archaean to Neoproterozoic rocks. The oldest rocks in 
the area are ca. 3.1 Ga in age and were generated during the Saamian orogeny (3.1-2.9 Ga), 
(Weihed et al., 2005). The oldest documented magmatic and metamorphic event took place at 
ca. 2.84 Ga (Nurmi and Sorjonen-Ward, 1996). In general, the Fennoscandian (Baltic) shield  
comprises three main subdivisions: (1) Late Archaean granitoid basement with remnants of 
greenstone belts (3.1-2.6 Ga); (2) Palaeoproterozoic metasedimentary and metavolcanic rocks 
(ca. 2.45-1.9 Ga) of the Kalerian supergroup deposited on the Archaean basement; and (3) 
Svencofennian island arc supracrustal and granitic rocks (ca. 1.9-1.85 Ga.) of central and 
southern Finland and central Sweden, not associated with Archaean crust and collectively 
referred to as the Svecofennian supergroup. 

The Archaean bedrock in the fennoscandian shield includes two cratonic nuclei, Karelia and 
Kola that were fragmented and further reassembled during the Palaeoproterozoic. The 
Archaean crustal growth of the Karelian craton is manifested in several episodes of 
sedimentation, rifting and magmatism between 2.5 and 1.9 Ga. (Weihed et al., 2005). 
Continued rifting caused subsidence of the Kalerian craton and basins formed on the rifted 
Archaean craton. The sedimentary rocks deposited in the basins include quartzites, turbidites, 
carbonates and graphitic schists. As a result of this Archaean crustal growth, at ca. 1.97 Ga 
oceanic crust formed, which later was partly obducted or thrust on top of the Kalerian craton 
forming the Jormua and Outokumpu ophiolites. After this stage juvenile volcanic arcs formed 
at the margin of the Kalerian craton and the rocks formed by this process are referred to as 
Svencofennian rocks (Weihed et al., 2005) 

Four major tectonic units have been identified in northern Sweden. These units include (1) 
Archaean Units, (2) Palaeoproterozoic units with a known Archaean basement (Kalerian 
craton), (3) Juvenile Palaeoproterozoic units without any known Archaean basement, and (4) 
Caledonian rocks (Weihed et al., 2005). 

The Bothnian Basin hosting the Ersmarksberget gold mineralization belongs to the third 
group known as the Svecofennian. These are juvenile Palaeoproterozoic units without any 
known Archaean basement. The oldest rocks within these units are scattered occurrences of 
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ca. 1.95 Ga volcanic rocks and situated south and southwest of the Skellefte district. The 1.95 
Ga volcanic rocks are totally surrounded by late to post orogenic Revsund- and Härnö-type 
felsic intrusive rocks. As a result of this, the exact stratigraphic correlation between these 
rocks and the 1.89 Ga units of supracrustal rocks (svecofennian) is unclear (Weihed et al., 
2005). 

Lundqvist et al. (1998) suggested that the sedimentation in the Bothnian basin was continuous 
from at least 1.95 Ga to after the volcanic activity at ca. 1.86 Ga, which indicates a period of 
predominantly greywacke sedimentation of ca. 100 million years. Lundqvist et al. (1998) 
believe that the greywacke meta-sedimentary rocks may reach a thickness of over 10000 m in 
the central part of the Bothnian basin. 

Using Sm-Nd systematics and detrital zircons Claesson et al. (1993) showed that the 
greywackes have a pronounced Archaean source (2.65-2.93 Ga, 9 of 21 measured zircon 
spots), but also contain detrital zircons of typical Svecofennian age at 1.88-2.02 Ga (12 of 21 
measured zircon spots). This therefore implies that that sedimentation in the Bothnian basin 
continued until at least 1.88 Ga and vast volume of sediments was derived from unidentified 
Archaean source. Although a vast part of the Bothnian Basin is in the upper amphibolites 
grade and migmatites are common, intercalations of mainly mafic volcanic rocks have been 
identified in several places. (Weihed et al., 2005). 

The bedrock of northern Sweden is dominated by various generations of intrusive rocks. The 
bedrock has been polydeformed and metamorphosed starting in the Archaean, with peak in 
most areas during the Svecokalerian orogeny between 1.90 and 1.80 Ga (Weihed et al., 2005). 
Weihed et al. (2005) also noted that the Proterozoic of northern Sweden is characterized by 
two main episodes of magmatism, at 1.95 to 1.86 and 1.82 to 1.76 Ga. Within these two 
intervals several intrusive suites with different tectonic and metallogenetic significance occur.  
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Fig. 8. Simplified geologic map of the Fennoscandian Shield with major tectono-stratgraphic 
units discussed in text. (Map from Weihed et al. (2005)). BMB= Belomorian Mobile Belt, 
CKC= Central Kalerian Complex, IC=Isalmi Complex, PC=Pudasjärvi Complex, TKS= 
Tipasjärvi-Kuhmo-Suomussalmi greenstone complex, Shaded area, BMS= 
BothnianMegashear. 
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3.2 Deposit geology 
The Ersmarksberget gold mineralisation is situated about 30km north of Storuman in the 
municipality of Sorsele in the county of Västerbotten, Sweden (fig. 1).The deposit occurs 
along the “Gold line” also known as the Lycksele-Storuman Ore District, LSOD (e.g. Bark, 
2005). The Gold line is situated south west of the Skellefte Ore District, SOD. Prospecting 
work carried out within the Lycksele-Storuman area in the 1970-ties showed anomalous gold 
concentrations in till along a 40-50 km wide and well over one hundred km long zone 
trending NW-SE (fig. 9). This area is presently known to host a number of orogenic gold 
mineralisations. Apart from the orogenic gold style mineralisations, the area is also host to 
other known types of mineralisations such as Zn-Pb breccias-type deposits, U and Sn-W 
mineralisations and VMS deposits (Billström and Broman, 2010). 
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Fig. 9. Map showing the gold concentration in till and gold deposits along the Gold line and 
the Skellefte Ore District in northern Sweden (after Bark, 2005). 

Kathol and Weihed (2005) reported that even though the host rocks to all prospects and 
mineralisations in the Lycksele Storuman area (the Bothnian supergroup) have an indicated 
age of >1,9 Ga and hence older than the Skellefte group, the two Ersmarksberget 
mineralisations are probably much younger than all other gold deposits in this area and are 
possibly related to hydrothermal events during the Caledonian orogeny. Just like most gold 
deposits in this area, Ersmarksberget is hosted in brittle to semi-brittle faults within 
supracrustal rocks. 
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3.2.1 Rock types 
Both igneous and sedimentary rocks occur in the Ersmarksberget area. These rocks have been 
affected by several episodes of deformation events. The Ersmarksberget area occurs south of 
the Skellefte district and Kathol and Weihed (2005) reported that the metamorphic gradient in 
this area coincides with increasing strain in the rocks and that the temperature range is 550-
650 °C with an estimated pressure of 2.7 kbar. There have also been more local deformation 
events which were limited to the Ersmarksberget area, such as igneous intrusions. In most 
cases only remnants of these igneous intrusions are left and the original geometry of the 
intrusions maybe difficult to determine. This is probably due to several deformation events 
that have affected the rocks in this area. The remains of the intrusions are recognised as 
boudins and tectonic lenses within the metasedimentary rocks (Pratt, 2005). All these events 
have shaped the geology of the deposit. Pratt (2005) noted that in  terms of abundance the 
metasedimentary units include (a) Dark purplish grey siltstones (b) Black to dark grey 
graphitic silty mudstones (c) Fine- to- medium grained sandstones and greywackes and (d) 
Sedimentary breccias, comprising a matrix of silty mudstone, or sometimes sandstones, with 
clasts of mudstone, siltstone and sandstone. The metasedimentary rocks are also hosting a 
network of quartz-veins. The quartz veins are products of hydrothermal activities which 
affected the sedimentary rocks. 

Common igneous lithologies include green amphibolites, metadiorites and porphyritic 
dacite/tonalite. The porphyritic dacite/tonalite are the rock types making up the Juktan dome 
(fig. 2).The Juktan dome is part of a regional suite of high-level subvolcanic intrusions. It is 
also possible that several generations of igneous intrusions might have affected the 
sedimentary rocks and one of such intrusions might have been responsible for the 
mineralisation. The earliest granitoid intrusions took place prior to the main phase of 
deformation and they are dioritic to tonalitic in composition. The supracrustal rocks are 
forming enclaves within the granitoid intrusions of different ages (Pratt, 2005). The 
lithologies mentioned above will be described in greater detail under the petrographic 
subsection. 

 

3.2.2. Structures 
The structures occurring at the Ersmarksberget area are products of both ductile and brittle 
deformation events that affected both the sedimentary rocks and the igneous rocks in this area. 
Pratt (2005) reported that the rocks occurring in the Ersmarksberget mineralisation suffered a 
major regional ductile deformation caused by a broadly E-W compression. This led to the 
formation of sub-vertical tectonic foliations in the sedimentary rocks. The regional ductile 
deformation also folded the contact between the sedimentary rocks and the tonalites. The 
sedimentary rocks in the Ersmarksberget area lack beddings, which otherwise is a common 
feature in sedimentary rocks. Syn-depositional slumping, which is a general feature in the 
skellefte ore district affected the sedimentary rocks in the Ersmarksberget area prior to the 
regional ductile deformation. This syn-depositional slumping destroyed the beddings in the 
sedimentary rocks (e.g. Pratt, 2005).  Brittle deformation led to the development of a shear 
zone along the contact between the sedimentary rocks and the tonalites. A network of 
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predominantly quartz veins has also developed within the sedimentary rocks in the shear 
zone. The most obvious brittle structures occurring within the mineralisation are faults. They 
are sub-vertical and strike approximately N-S.  The frequency of faults increases towards the 
contact between the sedimentary units and the tonalite/dacites. In general the intensity of the 
deformation is stronger towards the contact between the sedimentary rocks and the igneous 
intrusions. Rocks displaying ductile and brittle deformation occur within the same area. For 
instance folded quartz veins occur within the shear zone. 

 

3.2.3 Mineralisation 
As mentioned, the Ersmarksberget mineralisation consists of two contrasting or systems. Both 
ore systems occur in a shear zone along the contact between the metasedimentary rocks and 
the tonalitic intrusion (Juktan dome). A breccia type Ag-Pb-Zn mineralisation in sedimentary 
host rocks and an orogenic gold style mineralisation hosted by quartz veins. The 
metasedimentary rocks are rich in sulphide minerals and organic matter which has been 
metamorphosed to graphite. The sulphides include arsenopyrite, pyrrhotite, pyrite, galena, 
sphalerite and chalcopyrite. The sulphides follow foliations, and fractures in the 
metasedimentary rocks. The graphite is amorphous in nature and gives a dark colour to the 
metasedimentary rocks and quartz veins. The quartz veins also host sulphides which occur 
mostly as fracture in-fills but also within the massive silicate matrix in the quartz veins. The 
gold in this deposit is mostly fine-grained and difficult to see in hand specimens.  

The structures controlling the mineralisation at Ersmarksberget are varied and were developed 
due to the competence difference between the igneous and the sedimentary rocks. These rocks 
have different rheological characteristics and response differently during deformation. The 
most favoured sites for mineralisation are faults intersection regions, brittle structures such as 
fractures within the folded quartz veins. Pratt (2005) reported that there is a major quartz vein 
complex which was later fractured by subsequent deformation events. The fractures that 
developed on the main quartz complex are the favourite sites for gold mineralisation. 

3.3 Setting of gold 
The ore zone in the gold mineralisation is hosted entirely in the metasedimentary rocks and is 
completely lacking in the tonalities. Within the ore zone, the gold is mostly hosted by the 
quartz veins network. The gold is fine grained and difficult to see in hand specimens but 
microscopic studies have revealed that gold occurs in both the quartz veins and the nearby 
host rock predominantly graphite rich pelitic host rocks. The metasedimentary or pelitic rocks 
are rich in sulphides which are often concordant with the main foliation. The sulphides are 
mainly arsenopyrite, pyrrhotite, pyrite, sphalerite, chalcopyrite and galena. The sulphides are 
also common within the quartz veins, disseminated or concentrated along fractures. 
Arsenopyrite is the most abundant sulphide occurring in the quartz veins while the other 
sulphides are more abundant in the graphitic pelitic rocks. A summary of the setting of gold in 
the sampled drill cores is given below. 
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Fig. 10. Lithological profile of drill core ERS 2009-
006 (see table 2 below), the ore begins at about 63m 
down hole in the graphitic schist-tonalite contact. 
Close to this contact the schist become increasing 
biotite and amphiboles rich. The schist is also rich 
in sulphides mainly pyrrhotite, pyrite, arsenopyrite, 
sphalerite, chalcopyrite and galena. The sulphides 
follow foliations and other structures in the schist. 
The schist becomes softer close to the contact with 
the tonalite and the colour becomes more greenish 
probably due to the biotite and amphibole 
enrichment. Quartz veins cut across the graphite 
schist in many locations within the ore zone. The 
quartz veins are cloudy and dark in colour probably 
because of the presence of graphite. The quartz 
veins are also rich in sulphide minerals with 
arsenopyrite being the most abundant. Assay data 
show gold grades of 12,05 g/t at between 73,6- 
74,25 m and then 16,1 g/t from74,6-75,9 m, after 
which the grades fall back to 0,28 g/t down hole. 
This location corresponds to part of the drill core 
occupied by quartz veins. It was however not 
possible to see any gold in hand specimen or in 
polished thin sections in samples collected from this 
drill core. The gold grades in the schist are very low 
0,1 g/t. (Legend as in fig. 13.). 
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Fig. 11.  Hole number ERS 2009-008. 
The ore zone in this hole begins at about 
59 m along the contact between the 
tonalite and the graphitic schist. The 
schist is rich in sulphide minerals but has 
very low gold grades (0,1 g/t).  There is a 
slight enrichment of gold towards the 
quartz-schist contact. A peak in gold 
enrichment can be seen at between 75,6-
76,4 m reaching concentrations of 49,4 
g/t. Towards the lower quartz-schist 
contact the gold concentration decreases 
again to about 0,1 g/t .Below this level, 
the schist becomes increasing rich in 
tremolite towards the contact with the 
tonalite at about 90 m down hole. The 
sulphide distribution is similar to that in 
ERS 2009-006. It was also not possible to 
see any gold in hand specimens from this 
drill core but polished thin sections made 
from it show gold under the microscope. 
(Legend as in Fig. 13.) 
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Fig. 12. Drill core number ERS 2009-
011.This is a short hole just 39,8 m long. 
Gold is enriched in quartz with 
concentrations ranging from 11,75 g/t at 
18,4 m to 20,4 g/t at 19,4m. The schist is 
mica rich with the concentration increasing 
towards the contact the tonalite and some 
minor mafic intrusion which could be 
granodiorite or metavolcanics. The gold 
grade in the mica schist is about 0,1 g/t. 
The gold in this drill core is also fine-
grained and could not be seen in hand 
specimen. It was however possible to see 
gold under the microscope in thin sections 
made from this drill core. (Legend as in fig. 
13.). 

Ore zone 

Fig. 13. Drill core ERS 2009-019. The 
ore zone in this drill core starts from 
53,05-75,55 m. The gold concentration 
reaches a peak at 57,9-58,9 m with a 
value of 76,9 g/t. The gold occurs in 
quartz veins which is highly fractured 
and host veinlets of sulphides 
predominantly arsenopyrite.  

Ore 

zone 
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3.4 Hydrothermal alterations 

The most noticeable mineralogical change can be seen in the contact between the            
dacite/tonalite and the metasedimentary rocks. Towards this contact the metasedimentary 
become increasing biotite and amphibolites rich. Feldspars have been hydrolysed to sericite 
within this contact zone (fig. 15). There is also a noticeable mica and chlorite enrichment in 
areas where the metasedimentary rocks make contact with the mafic intrusions. Carbonates 
are localised close to the contact between the tonalites and the organic matter-rich 
metasedimentary rocks and can be a product of hydrothermal activity (fig. 20). There is no 
noticeable hydrothermal alteration within or close to the quartz veins in the drill cores 
sampled for this study. The lack of hydrothermal alteration in the quartz veins may indicate 
that the deposit was formed at a high crustal level. 
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4 Methodology 
Thirty eight samples were collected during five days of diamond drill core logging. Two 
additional samples, AH1 and AH2 were analysed on the request of the company because of 
their high gold grades making a total of forty samples. The list of the samples collected is 
given in table 2. 

 

 

Table 2. List of samples collected from diamond drill cores with their respective depths and 
gold grades in the Ersmarksberget gold deposit. 

Sample Number Drill core ID Sample ID Portion of drill 
core sampled 
(hole depth in 
metres) 

Gold grade 
In grams per 
tonne 

R1 ERS 2009-006 09B0137 55,9 0,01 
R2 ERS 2009-006 09B0153 69,9 0,01 
R3 ERS 2009-006 09B0156 72,6 0,29 
R4 ERS 2009-006 09B0156 73,1 0,29 
R5 ERS 2009-006 09B0157 73,6 12,05 
R6 ERS 2009-006 09B0157 74,25 12,05 
R7 ERS 2009-006 09B0158 74,6 16,1 
R8 ERS 2009-006 09B0158 75,5 16,1 
R9 ERS 2009-006 09B0159 75,7 16,1 
R10 ERS 2009-006 09B0159 75,9 16,1 
R11 ERS 2009-006 09B0161 76,6 0,28 
R12 ERS 2009-011 No sample id 2,3 No assay data 
R13* ERS 2009-011 09B0283 18,4 11,75 
R14 ERS 2009-011 09B0283 18,8 11,75 
R15 ERS 2009-011 09B0283 19,1 11,75 
R16* ERS 2009-011 09B0284 19,4 20,4 
R17 ERS 2009-011 09B0287 23,8 0,07 
R18 ERS 2009-011 No sample id 53,8 No assay data  
R19 ERS 2009-011 No sample id 37,25 No assay data 
R20 ERS 2009-019 No sample id 36,1 No assay data 
R21 ERS 2009-019 09B0676 57,2 8,02 
R22 ERS 2009-019 09B0676 57,7 8,02 
R23 ERS 2009-019 09B0677 57,9 76,9 
R24 ERS 2009-019 09B0677 58,1 76,9 
R25 * ERS 2009-019 09B0677 58,3 76,9 
R26 ERS 2009-019 09B0677 58,5 76,9 
R27 ERS 2009-019 09B0677 58,9 76,9 
R28 ERS 2009-019 09B0678 59,4 1,11 
R29 ERS 2009-019 09B0681 62,2 0,03 
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R30 ERS 2009-008 09B0468 33,9 No assay data 
R31 ERS 2009-008 09B0468 75,6 49,4 
R32 ERS 2009-008 09B0468 76,1 49,4 
R33* ERS 2009-008 09B0468 76,3 49,4 
R34 ERS 2009-008 09B0469 76,4 49,4 
R35 ERS 2009-008 09B0473 79,9 0,01 
R36 ERS 2009-008 09B0478 84,4 0,02 
R37 ERS 2009-008 09B0481 87,6 0.01  
R38 ERS 2009-008 09B0487 92,1 0,01 
AH1 ERS 2010-001 09B3478 317,7 284,5 
AH2* ERS 2010-001 09B3478 317,8 284,5 

* represents samples that were analaysed using SEM and EPMA 

 

Sample collection was closely guided by assay data provided by the company. Most of the 
samples were collected for their high gold content but some were collected to understand 
some intrinsic deposit properties such as the deposit geology and mineral associations and 
hydrothermal alterations. 

The samples were sent to Vancouver Petrographics, Canada, where polished thin sections 
were made from all forty samples. The polished thin sections were examined with the 
standard petrographic microscope (Nikon Eclipse E600 pol) under transmitted and reflected 
light at the department of Applied Chemistry and Geosciences, Lulea University of 
Technology. 

The optical microscopic study of the forty samples discriminated five of the samples as gold 
bearing and these fives samples were the ones subjected for investigation by more 
sophisticated techniques such as the SEM and the EPMA. 

The SEM analyses of the five samples were carried out at the department of material science, 
Lulea Universityof Technology using a Joel-JSM-6460LV-scanning electron microscope 
(SEM) and an Oxford INCA analyser. 

Electron microprobe analyses were carried out at the National Microprobe Laboratory, 
university of Uppsala, Sweden. The Cameca SX50 electron microprobe was used with a 
voltage of 20kv, a 15nA current and a beam size of 1-2 microns. The samples were analysed 
for Au, As, Te, and Ag. 

The following reference standards were used for the analyses; Au Mb → Au 100%; Ag La → 
Ag 100%; Te La → Te 100% and As La → AsGa (As: 51.80%, Ga: 48,20%). 

Gold minerals, especially native gold can generally be identified very well under the standard 
optical microscope because of their distinctive optical properties. Such properties include the 
distinctive yellow colour and high reflectance exhibited by gold minerals. The presence of 
silver lightens the colour of gold and increases the reflectance. 

This ease of identifying gold minerals under the optical microscope is complicated by several 
factors namely; 
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 The usually very low gold content in its ores makes it sometimes frustrating to see any 
gold grains in thin sections under the optical microscope.  

 

 Gold usually occurs in its ores, as very fine grained disseminated particles and 
microscopic studies may sometimes require very high magnifications. 

 

 Some iron-copper sulphides are easily mistaken for gold in polished thin sections 
when viewed under the optical petrographic microscope using reflected light and in 
hand specimens. The similarity in colour between gold and some iron-copper 
sulphides in hand samples and in polished thin sections is the basis of this confusion. 
Gold in its pure form is a yellow metal. But in nature gold occurs in metallic state 
alloyed with varying percentages of silver or chemically combined with the element 
tellurium or may contain some copper  . The presence of some silver will give gold a 
pale colour while copper will give it an orange colour. Among the minerals sometimes 
mistaken for gold are pyrite, marcasite and especially chalcopyrite. 

 

Because of this similarity between gold and some iron-copper sulphides based on some 
optical properties such as colour, it will be premature to rely only on the observations from 
optical microscopy. A physico-chemical analysis on polished thin section will help ascertain 
the optical microscopy observations. The scanning electron microscope and the electron 
microprobe are physico- chemical techniques that can be used to distinguish between gold and 
iron-copper sulphides commonly mistaken for gold. 

 

Fig 14. Back –scatter intensity ID for common ore-forming minerals and sulphides. (after  
Goodall and Scales, 2007). 



27 
 

 

The scanning electron microscope (SEM) and the Electron microprobe analyser are devices 
that use a focused beam of high energy electrons to produce a variety of signals at the surface 
of the solid specimens. The signals derived from electron-sample interaction reveal 
information about the sample including external morphology (texture), chemical composition, 
and crystal structure and orientation of the materials making up the sample. Among the 
signals derived from electron beam–sample interaction are characteristic x-rays. An Energy –
dispersive (EDS) detector is used to separate the characteristic x-rays of different elements 
into an energy spectrum. This can then be used to determine the composition of the material 
and also the relative abundance of the elements making up the samples. Another signal 
derived from the electron beam-sample interaction is the back-scattered electron (BSE). The 
intensity of the BSE produced is proportional to the atomic number Z of the elements in the 
sample (fig. 16). Elements with larger Z produce brighter images than those with lower Z. 
This therefore can be used to distinguish between phases in the sample and to obtain a 
compositional map of the sample  

This makes the scanning electron microscope and the Electron Microprobe very powerful 
tools in studying ore mineralogy. Because of their ability to perform some chemical 
composition analysis they can be conveniently used to distinguish between gold and iron-
copper sulphides resembling gold. While SEM gives more or less qualitative compositional 
analyses, the EPMA has the added advantage that it can perform precise chemical analysis. It 
has the ability to acquire precise, quantitative elemental composition at very small spot sizes 
as little as 1-2 microns, primarily by wavelength-dispersive spectroscopy (WDS).  

Using the above techniques it was possible to determine some features of the deposit such as 
the gold grain sizes, the gold distribution and composition, gangue minerals, etc. The results 
are discussed below. 
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5 Results 

5.1. Petrology 
The description below is based on drill core logging on the sampled drill cores used in this 
study. As mentioned above four drill cores were used. 

In drill cores the most abundant igneous rock is the dacite/tonalite. When unaltered, it consists 
of a fine-grained massive siliceous ground mass with abundant plagioclase phenocrysts (fig. 
15a). Approaching the contact with the sedimentary the dacites/ tonalite become increasing 
fractured and veined (fig. 15c and 15d). The veins are composed of actinolite/tremolite with 
silicified halos. This might be due to hydrothermal activity that affected the rocks during 
deformation and metamorphism. Most of these actinolite/tremolite veins are barren with only 
minor occurrences of some sulphides close to the contact with the meta-sedimentary rocks. 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 15. Igneous rocks from the diamond drill cores from the Ersmarksberget mineralisation; 
(a) Dacite/tonalite from drill hole ERS-2009-008 at 28,8 m depth (b) dacite/tonalite (felsic  
igneous intrusion) drill hole ERS-2009-008 at 32,8 m depth with green amphiboles and biotite 
phenocrysts (c and d) dacite/tonalite with actinolite veins network from ERS-2009-011 at 2,30 
m depth and ERS-2009-008 at 32,2 m depth respectively. 

 

There are portions of the drill core where the dacite/tonalite has been recrystalised (fig. 15b), 
and the plagioclase have been replaced by green amphiboles and biotite. 

b 
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In the drill cores the igneous rocks are in contact with the metasedimentary rocks. The 
metasedimentary rocks include siltstones, mudstones (fig. 16), sandstones and sedimentary 
breccias. The metasedimentary rocks are rich is sulphide minerals and organic matter. 
Sulphide minerals follow crenulations and foliations in the sedimentary rocks. 

 

 

Fig. 16. Graphitic mudstone with pyrrhotite veinslets from ERS-2009-019 at 5,4 m depth. 

 

5.2Gangue minerals 
The gangue minerals at the Ersmarksberget gold mineralisation include sulphides, carbonates, 
silicates and organic matter. The sulphides include arsenopyrite, pyrite, Chalcopyrite, 
sphalerite and galena. The silicates include quartz, amphibolites, plagioclase feldspars, biotite, 
sericite and some clay minerals. The carbonates are mostly calcite and the organic matter has 
been metamorphosed to graphite.  

 

Fig. 17. Carbonate minerals with fragments of metasedimentary rocks form ERS-2009-019 at 
3,1 m and 3,3 m depth  respectively. 

The carbonates occur as cement in breccias (fig. 17a) and sometimes as veins with fragments 
of graphitic schist (fig. 17b).  The carbonate veins are poor in sulphide minerals. Where 
sulphides are present, they are hosted by the graphitic schist fragments within the carbonates. 
In the drill cores sampled, carbonates do not form a major component. They are mostly found 
close to the contact between the metasedimentary rocks and the tonalitic intrusion. No 
association between the carbonates and the quartz veins was seen. 
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fig. 18. Quartz veins with sulphide minerals mainly pyrrhotite, pyrite, arsenopyrite, galena, 
chalcopyrite and sphalerite (a) ERS-2009-006 at 73,60 m depth, (b) ERS-2009-006 at 76,10 
m (c) ERS-2009-019 at 60,10 m depth and (d) ERS-2009-019 at 50.50 m depth. 

 

Sulphides are the most abundant gangue minerals in the quartz veins after quartz itself. They 
are irregularly distributed but mostly concentrated along fractures. The sulphides also occur in 
the metasedimentary rocks in contact with the quartz veins. The quartz veins constitute the 
main ore zone which means that the sulphides will be a major constituent during the treatment 
of the ore. Sulphide separation must be a major consideration in any treatment plan. Quartz 
hosting the gold is of course the most abundant gangue minerals in the ore zone. Organic 
matter, mostly graphite is also a major constituent of the gangue minerals. The graphite is 
amorphous in nature and its presence can be seen in the dark cloudy colour of the quartz 
veins. In places it forms tiny veinlets within the quartz veins. Graphite is also abundant in the 
metasedimentary rocks where its presence is noticed by the black sooth left in your palm after 
rubbing it on the rock. The presence of graphite is important because of the problems it poses 
during the treatment of the ore. The problem is complicated by the fact the graphite does not 
form discrete phases making it difficult to eliminate during the processing of the ore. The 
presence of graphite in the ore influences the behaviour of some sulphides during processing 
as discussed in the section below.     

 

a b 
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5.3 Gold distribution and grain size 
Drill core assay data indicate high gold grades in quartz veins and the metasedimentary rocks 
in contact with these veins. Microscopy of thin sections made from these quartz veins show 
that in the quartz veins the gold is irregularly distributed. Gold can be seen both within the 
silica matrix and the arsenopyrite grains. In the silica matrix gold is situated along quartz 
grain boundaries and in filling in micro fractures in the matrix (fig. 19a&b). Gold also can be 
seen clustered along the quartz-arsenopyrite grain boundaries. 

 

 

Fig. 19. Photomicrographs showing the microscopic setting of gold from polished thin 
sections; (a) sample R33 gold in quartz matrix under reflected light, (b) sample R33 gold in 
quartz grain boundary in transmitted light, (c) Sample R16, SEM image showing gold filling 
in fractures in the quartz veins and (d) sample R25, SEM image showing gold intergrown with 
arsenopyrite crystal. 

 

However, not all the arsenopyrite is associated with detectable gold in this study. Even though 
it has been documented that gold in sulphide gold ores is mostly associated with pyrite and/or 
arsenopyrite (e.g Goldfarb et al., 2001), it was not possible to detect gold in pyrite in this 
study. This does not rule out the fact that gold maybe associated with pyrite and gold poor 
arsenopyrite as sub microscopic inclusions or locked within the crystal structures of these 
sulphides, hence making it undetectable by the techniques used in this study. In the gold rich 
pelitic rocks the gold is highly disseminated across the rock mass (fig. 20a). 
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In summary the following settings of the gold have been identified in this study; 

 Filling in microstructures and defect crystal sites in quartz  and arsenopyrite 

 Between quartz grain boundary 

 Between quartz and arsenopyrite grain boundaries (intergrown with arsenopyrite 
crystals) 

 Locked within arsenopyrite and quartz grains. 

The largest diameters of gold particles were also measured using the SEM (fig. 20). These 
measurements showed a wide range of particle size with the smallest particles measuring less 
than 10 microns. There are all possible particle sizes between 156 to < 10 microns, with a 
mean of 65 microns. There is a possibility that there is a large fraction of ‘invisible gold’ 
occurring in this mineralisation. With higher magnifications smaller gold grains were able to 
be seen. This invisible fraction may constitute a large part of the gold content in this 
mineralisation. Therefore, the pie chart in fig. 21 should not be taken to be representative of 
all gold but gold detected with the SEM and EPMA. The gold situated along microfractures, 
cracks and grain boundaries make up for more than 80% of the detectable gold. 
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Fig. 20. Gold grains with dimension of the largest diameter (a) Sample AH2, with gold in 
graphitic mudstone (b) Sample 13, gold particle in quartz matrix (c) Sample 16, gold particle 
within quarts (d) Sample 25, with gold particle occurring along microfracture between the 
silicate matrix and graphitic mudstone. 

The largest diameter of nineteen gold particles was measured using SEM and optical 
microscope and the result is shown in the table 3. 

 

 

 

 

 

 

 

 

 

 

Table 3. Showing in situ particle size distribution from the Ersmarksberget gold deposit. 

Particle size 
(largest diameter in 
microns) 

Frequency 

12.1 1 
16 4 
26.4 1 
49.9 1 
56.4 1 
60.8 1 
64 1 

dc 
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66.7 1 
100 5 
130 1 
133 1 
156 1 
 Total=19 

 

 

The nineteen grains were further divided into three groups as shown in table 4. 

 

 

Table 4. showing in situ particle size ranges and their frequencies from the Ersmarksberget 
gold deposit. 

Particle size range in microns frequency 
<50 7 
50.1-100 9 
>100 3 
 Total= 19 

 

 

A pie chart generated from this data is shown in fig. 21. 

 

Fig. 21. Pie chart showing particle size distribution from Ersmarksberget gold deposit 
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5.4 Chemical composition of gold grains 
Chemical analyses of several gold particles in polished thin sections were performed by SEM 
and quantified using EPMA. EDS spectra were obtained for all the bright spots on the 
polished thin sections.  The analyses revealed that only gold and silver are present in 
detectable amounts in the gold particles. The silver concentration ranges from 102-6.5 wt.% 
and the gold concentrations are between 73.5-90 wt.%. This corresponds to a mixture of 
electrum grains and native gold. Electrum is gold that contains more than 20 wt.% Ag, but 
there is considerably variation in this arbitrarily set compositional definition. However, in this 
study electrum with be used only qualitatively to emphasize the fact that at least minor silver 
is present in the gold particles. 

 

 

 

Fig.22.EDS  spectrum showing gold peaks in selected area. 

 

The EPMA was calibrated for gold, silver, arsenic and tellurium. It was not possible to see 
tellurium and arsenic in detectable amounts in the electrum particles. The concentration of the 
tellurium and arsenic were close to the background concentration, hence, showing no 
enrichment in the electrum particles. Over 180 spot analyses were performed on the gold 
grains. The results show that the Au:Ag ratios vary within the same electrum grain and 
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between the grains. On the average, the Au:Ag ratio are approximately 5:1 even though some 
spots gave ratios close to 9:1.  The surfaces of gold or electrum grains are hardly smooth 
especially considering the malleable and ductile nature of gold and electrum. The spot beam 
hitting the gold surface can be inclined at an angle and hence produce results, which are not 
so accurate in a phenomenon known as the topographic effect. However, it is not unusual for 
variation in composition with the same electrum grain. 

 

 

 

 

Table 5 shows the result of some of the spot analyses performed using the EPMA 

Table 5. Composition of gold grains analysed by EPMA. 

 WT%      
COMMENT As Ag Au Te SUM  

R13 ERS p1 0 11,272 84,51 0,022 95,804  

R13 ERS p2 0,041 11,213 86,11 0,099 97,463  

25 ERS p1-p3 0,014 18,2 78,41 0,08 96,704  

25 ERS p1-p3 0,063 17,754 78,236 0,085 96,138  

25 ERS p1-p3 0,029 17,125 76,221 0,09 93,465  

25 ERS p4-p8 0,024 11,076 86,112 0,054 97,266  

25 ERS p4-p8 0,044 11,164 85,509 0,039 96,756  

25 ERS p4-p8 0,056 11,409 86,363 0,036 97,864  

25 ERS p4-p8 0,095 10,722 84,871 0,078 95,766  

25 ERS p9-p10 0,121 11,296 85,241 0,088 96,746  

25 ERS p9-p10 15,073 6,543 55,557 0,053 77,226  

25 ERS p11 0,11 11,051 83,518 0,074 94,753  

25 ERS p12 0 13,93 82,941 0,065 96,936  

25 ERS p13 0,046 10,936 85,847 0,044 96,873  

25 ERS p14-p20 Qtz 0 16,79 73,802 0,06 90,652  

25 ERS p14-p20 Qtz 0,016 17,958 76,092 0,048 94,114  

25 ERS p14-p20 Qtz 0,019 17,897 77,803 0,054 95,773  

25 ERS p14-p20 Qtz 0,011 17,484 77,842 0,087 95,424  

25 ERS p14-p20 Qtz 0 18,257 79,31 0,064 97,631  

25 ERS p14-p20 Qtz 0,056 17,6 78,302 0,036 95,994  

25 ERS p14-p20 Qtz 0,036 18,636 78,452 0,072 97,196  

25 ERS p21-p24 Qtz 0,013 18,095 76,841 0,108 95,057  

25 ERS p21-p24 Qtz 0,025 18,084 77,127 0,065 95,301  

25 ERS p21-p24 Qtz 0,036 17,696 77,095 0,059 94,886  

25 ERS p21-p24 Qtz 0,023 18,031 75,712 0,056 93,822  

25 ERS p25-p30 Qtz 0,009 18,222 78,524 0,048 96,803  

25 ERS p25-p30 Qtz 0,03 19,219 76,75 0,059 96,058  

25 ERS p25-p30 Qtz 0 19,472 78,949 0,068 98,489  
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25 ERS p25-p30 Qtz 0,012 18,999 79,697 0,085 98,793  

25 ERS p25-p30 Qtz 0,012 19,364 78,756 0,072 98,204  

25 ERS p25-p30 Qtz 0,046 18,642 77,883 0,073 96,644  

25 ERS p31-p35 Qtz 0,054 18,148 78,466 0,053 96,721  

25 ERS p31-p35 Qtz 0 17,985 76,771 0,078 94,834  

25 ERS p31-p35 Qtz 0,023 18,061 78,454 0,077 96,615  

25 ERS p31-p35 Qtz 0,027 18,108 78,096 0,081 96,312  

25 ERS p31-p35 Qtz 0,029 18,837 78,94 0,075 97,881  

25 ERS p36 Qtz 0,011 10,798 84,735 0,041 95,585  

25 ERS p37 QtzFeAsS   2 0 18,462 78,647 0,095 97,204  

25ERSp38-p42Qtz FeAsS2 0,01 17,993 76,086 0,102 94,191  

25ERSp38-p42Qtz FeAsS2 0,05 17,637 76,892 0,065 94,644  

25ERSp38-p42Qtz FeAsS2 0,049 17,62 76,386 0,035 94,09  

25ERSp38-p42Qtz FeAsS2 0,017 17,443 75,856 0,105 93,421  

25ERSp38-p42Qtz FeAsS2 0 18,254 77,401 0,068 95,723  

25 ERS p43 QtzFeAsS   2 0,041 17,795 76,112 0,093 94,041  

25ERSp44-p53Qtz FeAsS2 0,014 17,957 76,621 0,032 94,624  

25ERSp44-p53Qtz FeAsS2 0 17,819 75,6 0,024 93,443  

25ERSp44-p53Qtz FeAsS2 0,036 17,998 77,194 0,045 95,273  

25ERSp44-p53Qtz FeAsS2 0,02 18,798 77,046 0,083 95,947  

25ERSp44-p53Qtz FeAsS2 0,031 18,501 76,937 0,086 95,555  

25ERSp44-p53Qtz FeAsS2 0,046 18,107 76,79 0,104 95,047  

25ERSp44-p53Qtz FeAsS2 0,044 18,663 77,679 0,062 96,448  

25ERSp44-p53Qtz FeAsS2 0,027 18,48 77,704 0,098 96,309  

25 ERS p55-p58 FeAsS   2 0,074 18,359 77,409 0,109 95,951  

25 ERS p55-p58 FeAsS   2 0 18,425 76,542 0,07 95,037  

25 ERS p55-p58 FeAsS   2 0,025 17,949 77,845 0,094 95,913  

25 ERS p55-p58 FeAsS   2 0,101 17,524 74,484 0,041 92,15  

25 ERS p60-69 Qtz 0 17,235 77,762 0,061 95,058  

25 ERS p60-69 Qtz 0 17,411 77,832 0,105 95,348  

25 ERS p60-69 Qtz 0,025 17,732 77,136 0,071 94,964  

25 ERS p60-69 Qtz 0 17,563 78,757 0,059 96,379  

25 ERS p60-69 Qtz 0 15,649 73,837 0,083 89,569  

25 ERS p60-69 Qtz 0 16,876 76,903 0,067 93,846  

25 ERS p60-69 Qtz 0,008 17,976 80,148 0,04 98,172  

25 ERS p60-69 Qtz 0,004 16,868 77,732 0,071 94,675  

25 ERS p60-69 Qtz 0,01 17,122 77,227 0,095 94,454  

25 ERS p60-69 Qtz 0,031 18,063 79,241 0,083 97,418  

25 ERS p70-p84 Qtz 0 17,9 79,427 0,036 97,363  

25 ERS p70-p84 Qtz 0 18,383 80,996 0,074 99,453  

25 ERS p70-p84 Qtz 0,017 17,281 77,793 0,029 95,12  

25 ERS p70-p84 Qtz 0,021 17,13 77,929 0,065 95,145  

25 ERS p70-p84 Qtz 0 17,554 79,669 0,101 97,324  

25 ERS p70-p84 Qtz 0,009 17,898 78,608 0,024 96,539  

25 ERS p70-p84 Qtz 0 17,603 78,597 0,033 96,233  

25 ERS p70-p84 Qtz 0 17,216 77,434 0,101 94,751  

25 ERS p70-p84 Qtz 0,051 17,542 78,697 0,09 96,38  
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25 ERS p70-p84 Qtz 0,023 17,444 74,948 0,079 92,494  

25 ERS p70-p84 Qtz 0,004 17,77 78,267 0,067 96,108  

25 ERS p70-p84 Qtz 0,032 17,811 77,584 0,112 95,539  

25 ERS p70-p84 Qtz 0,062 18,049 77,295 0,092 95,498  

25 ERS p70-p84 Qtz 0,009 17,439 78,067 0,04 95,555  

25 ERS p70-p84 Qtz 0,067 18,222 78,262 0,092 96,643  

Averages 0,214013 16,85625 77,25234 0,069338 94,39194   

 

 

The EPMA was also used to characterize the texture of the gold particles. The gold particles 
have a spongy texture. This texture is common in gold grains where silver has been 
substituted for gold in the crystal lattice of the gold grain. 

 

 

Fig. 23. (a) SEM image of gold grain in quartz matrix (b) Back scatter electron image 
showing the spongy texture of the gold grain. 

 

a b

gold 
gold 



39 
 

 

6 Metallurgical implications 
The aim of mining a metallic ore deposit is to extract the valuable minerals from the ore while 
the gangue minerals are discarded. The extraction of a metal from its ore occurs in a stepwise 
process. Mineral processing is usually the first step carried out on the ore as it leaves the 
mine. Mineral processing prepares the ore for the extraction of the valuable mineral by 
separating it from the gangue minerals. There are two fundamental operations involved in 
mineral processing, firstly the release or liberation of the valuable minerals and secondly the 
separation of the valuable minerals from the gangue. The liberation of the valuable mineral is 
accomplished by comminution which involves crushing and if necessary grinding to such a 
particle size that the product is a relatively clean mixture of the valuable minerals and gangue. 
The efficiency of the comminution process is essential for the efficient separation of the 
valuable minerals from the gangue. The separation of the valuable minerals from the 
unwanted gangue follows the comminution process. The efficiency of the separation process 
does not only rely on the efficiency of the comminution process but also on the degree of 
difference in certain properties between the valuable minerals and the gangue. Separation can 
be achieved based on the difference in density, magnetic properties, electrical conductivity, 
surface properties and optical properties between the valuable mineral and gangue. 

The final product of mineral processing is an enriched ore known as concentrate from which 
the valuable metal can be metallurgically extracted. In as much as the efficiency of the 
mineral processing is paramount to the quality of the concentrate, an intimate knowledge of 
the mineralogical assemblage of the ore is very essential for an efficient mineral processing to 
take place. Knowledge not only of the mineralogy of the ore but also the texture of the ore is 
required. It is therefore imperative that mineral processing should be considered in the context 
of the ore mineralogy in order to predict the grinding and concentration requirements, feasible 
concentrate grades and potential difficulty of separation.  More than one concentration 
process maybe needed to achieve a feasible concentration based on the ore mineralogy and 
texture. For instance, in the processing of gold ores, a separation process such as gravity 
maybe accompanied by flotation and subsequently by cyanidation or amalgamation. The final 
concentrate is then sent to the smelter where other impurities are removed and the concentrate 
is converted to bullions. 

From a metallurgical perspective, gold ores can broadly be subdivided into free milling, 
refractory and complex ores (fig. 24). Free milling gold ores are relatively easy to treat and 
give very good recoveries usually greater than 95% while refractory gold ores are difficult to 
treat and give low recoveries sometimes less than 50%.Complex ores can further be divided in 
preg-robbing, cyanide consuming and oxygen consuming . Preg-robbing ores are those where 
gold which has been leached into the cyanide solution is lost by adsorption onto fine-grained 
carbonaceous material which is present in the ore (La Brooy et al., 1994). 
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Fig. 24.  Classification of gold ores (after La Brooy et al., 1994) 

 

Vaughan (2004) summarized the common causes for refractoriness in gold ores as follows  

 Locked gold: Gold can be locked in its ores in two ways namely physically locked 
and/or chemically locked. Physically locked gold includes fine-grained gold inclusions 
in sulphides. Very fine–grained inclusions of native gold or electrum (usually less than 
10 microns) in sulphides are difficult to liberate during grinding, hence making it 
refractory. Chemically locked gold will include gold locked in the gold minerals such 
as tellurides and submicroscopic in sulphides. Au-Ag tellurides have low solubility in 
cyanide which makes it refractory. 

 Reactive Gangue Mineralogy: The refractoriness of some ores is caused by the 
presence leach-robbing minerals in the ore such as pyrrhotite, secondary copper 
sulphides and As, Sb sulphides which consume the leaching reagent thereby leaving 
insufficient leachant/oxygen in the pulp to leach gold. This is mostly the case for 
complex ores and recoveries can be increased by the addition of reagents. 

 Preg Robbing: preg-robbing is caused by components of the ore which may adsorb or 
precipitate the dissolved gold cyanide complex so that it is depleted in the pregnant 
liquor. It is not uncommon for some ores to have more than one cause for their 
refractory behaviour. Ore mineralogy accounts for its refractoriness. 

The Ersmarksberget gold deposit has exhibited some refractory behaviour in the treatment of 
its ore and can be loosely referred to as a complex gold ore. The possible causes of this 
refractoriness will now be examined in close relation to the mineralogy of the ore. Aspects of 
the ore mineralogy most likely to affect gold recoveries will be considered. Such aspects 
would include, gold mineralogy, gangue minerals and ore texture. 
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6.1 Effect of ore texture 
Ore texture is an important parameter especially in terms of the degree of liberation and the 
liberation sizes. It is usually easier to liberate the gold situated between grain boundaries and 
cracks than those trapped within crystals. Based on the polished thin sections, some of the 
gold particles in the deposit is situated along microfractures and grain boundaries. This 
fraction can easily be liberated at fairly large particle sizes. A fraction of the gold is locked 
within the sulphides, (less than 10%), mainly arsenopyrite. Liberating this fraction will 
require very fine grinding which may have an adverse effect during the separation process. 
The gold trapped within the sulphide can also be liberated by several pretreatment methods. 

A large portion of the gold particles are very fine-grained well below 10 microns and even if 
liberated after very fine grinding, concentrating this fraction may require advance 
concentration methods. 

Historically roasting has been used for sulphide gold ores. Roasting of the ore converts 
sulphides to oxides. During roasting pyrite and arsenopyrite are converted to hematite. 
Hematite does not react with cyanide, is highly porous and has a large surface area. These 
qualities greatly enhance the amount of gold that can be leached from the ore through 
cyanidation. Roasting also converts the carbonaceous matter to carbon dioxide. The roasting 
temperature for sulphide ores ranges between 550-800 °C but most often temperature of 600-
700 °C are used. This method has encountered strong criticism based on environmental 
protection reasons and other more environmentally friendly alternatives are sought after.  

One of such alternatives is bacterial oxidation and the principal bacterial used is the 
Thiobacillus ferrooxidans, which has the ability to derive energy from the oxidation of 
inorganic sulphur and ferrous iron, together with other bacteria which can only oxidise 
sulphur or iron. This process has been used with success for mines in South Africa, Brazil, 
Western Australia and Ghana (Cashion and Brown, 1998). Arsenic sulphides are 
preferentially attacked and the oxidation occurs most rapidly along grain boundaries 
increasing the porosity of the ore. This is applicable in Ersmarksberget deposit where gold is 
trapped within the aresenopyrite crystal structure. This procedure operates efficiently to make 
gold accessible to the leachant because, during the mineralisation process, the gold bearing 
fluids permeates the mineral along grain boundaries and is preferentially deposited at the 
more electrically active, semiconducting arsenopyrite making the gold available for leaching.  

 

6.2 Effect of gold mineralogy 
There exists a large density difference between quartz and the gangue minerals. This means 
that if liberated at a fairly large particle size, the gold can be concentrated using gravity 
concentration methods. It is also possible that based on the ore mineralogy, semi-autogenous 
grinding methods can be used.  The hardest rock within the ore zone is quartz (table 6) which 
means that quartz can be used as a grinding medium aided by steel balls. 
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Table 6. Hardness of minerals occurring at the Ersmarkberget gold deposit. 

Mineral Hardness(Moh’sscale of 
hardness) 

Specific gravity 

Gold (Electrum) 2.5-3 13.0-16.0 
Arsenopyrite 5-5.6 5.9-6.2 
Pyrite 6-6.5 5.01 
Galena 2.7-2.75 7.2-7.6 
Sphalerite 3.5-4.1 4.01 
Chalcopyrite 3.5-4 4.1-4.3 
Carbonates 2.5 3.5 
Tremolite 5-6 2.9-3.1 
Quartz 7 2.65 
Graphite 1-2 1.9-2.3 

 

It has been established that gold in its native form is leached more readily and easily by 
cyanide than gold occurring in chemical combination with other elements such as tellurides or 
electrum. In the Ersmarksberget deposit gold occurs chemically combined with silver. The 
gold to silver ratio is approximately 5:1. The presence of silver will, to an extent, slows down 
the leaching process. To solve this problem the leaching period should be increased. 

6.3 Effect of gangue minerals 
The importance of gangue mineralogy to the metallurgical process cannot be over emphasised    
In the Ersmarksberget gold deposits the gangue minerals are silicates, sulphides, carbonates 
and native Carbon (graphite). Quach et al. (1993) showed that chalcopyrite and pyrrhotite 
adsorbed gold from oxygen free solutions. Silicate minerals especially clays have also been 
proposed as potential preg-robbers. It is has been suggested that the positively charged edge 
surfaces of clay particles could attract colloidal gold (Hausen and Bucknam., 1984). This is 
however most pronounced in acidic solution and adsorption will greatly reduce in alkaline 
environment.  

 

Fig. 25.  Classification of complex gold ores(La Brooy et al., 1994). 

 

Goodall et al. (2005) reported that the most common and well documented causes of preg-
robbing are carbonaceous material present in the ore. But despite the huge volume of research 
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on the characterisation of carbonaceous matter in gold ores, little is understood concerning the 
exact role of carbonaceous matter in the cyanidation of gold ores. Quach et al. (1993) 
suggested that carbonaceous matter in sulphide ores acts like activated carbon and adsorb the 
gold cyanide complex from solution. Adams et al. (1996) have shown that the preg-robbing 
effect of several minerals was greatly enhanced in the presence of activated carbonaceous 
matter. For instance pyrite is not preg robbing unless there was a carbonaceous component in 
the ore. It can be expected that gold and sulphide particles will be smeared with carbonaceous 
matter during grinding, the carbon coating may affect the physical, chemical and 
electrochemical properties of the gold and sulphides and have an impact on dissolution and 
adsorption. The strength of preg-robbing varies from ore to ore and sometimes within the 
same ore and it is a difficult parameter to measure especially from an operating perspective. 

Preg-robbing is one of the problems which can be caused by reactive gangue mineral, another 
problem caused by reactive gangue minerals is the consumption of reagents (fig. 25). Some 
sulphides especially Cu-sulphides readily form complexes with the CN- hence competing with 
gold for the cyanide ion. This reduces the number of the cyanide ions which will form 
complexes with gold therefore leading to low gold recoveries. Rees and van Deventer, (2000) 
demonstrated a clear cyanide concentration dependence for preg-robbing on pyrite and 
chalcopyrite with strong adsorption of gold in cyanide deficient solutions. Sulphides can also 
consume oxygen and slow the cyanidation process which is oxygen dependent. Quach et al. 
(1993) showed that chalcopyrite and pyrrhotite adsorb gold from oxygen free solutions. 

There are several treatment options to deal with the problem of carbonaceous matter. In the 
case where the gold particles do not exhibit natural floatability, froth flotation can be used to 
remove the carbonaceous matter. Another treatment option is to blank the carbonaceous 
matter. Some organic reagents have been known to be able to selectively adsorb on activated 
carbon and smoother the surface. Kerosene and fuel oil have been used in blanking 
carbonaceous matter prior to cyanidation in some deposits (Afenya, 1991). This blanking 
prevents the carbonaceous matter from reacting with the cyanide solution. 

The introduction of a stronger aurocyanide adsorbent which will be competing for the gold-
cyanide complex with the carbonaceous matter is another treatment option. Granulated 
activated carbon has been used in some mildly refractory carlin ores with success but ore with 
high organic matter have produced disappointing results (Afenya, 1991). Also if the copper 
sulphides concentration is greater than 1% in the ore, it is advisable to eliminate the copper 
before cyanidation.  

The presence of carbonate minerals such as calcite and ankerite may act as pH regulators. 
Where lower acidic conditions are necessary, this may have an adverse effect hence slowing 
the reaction rate. This problem can be adjusted by adding more acid-generating reagents. 
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7 Discussion, conclusion and recommendation 

7.1 Discussion 
 Aqueous gold bisulphides and gold chloride complexes have long been considered the most 
likely species for gold transport in hydrothermal solutions because of the ready availability of 
reduced S and Cl ligands in most ore fluids, and because of the high thermodynamic stability 
of these complexes (Seward, 1991).  At least three gold bisulphides, Au(HS)°, HAu(HS)2°and 
Au(HS)2

- have been agreed to be potentially important in transporting gold under 
hydrothermal conditions (Seward, 1973).Benning and Seward (1996), showed that Au(HS)2

- 
is the dominant gold bisulphide complex in neutral to weakly alkaline, H2S-rich solutions and 
suggest that gold is transported as Au(HS)° at low pH and low reduced-sulphur content. This 
study discredited HAu(HS)2° as a gold carrier and  also the solubility of gold as gold-chloride 
complexes is generally considered negligible, except under conditions of low pH, high ƒO2, 

high mCl and elevated temperature. 

Another important factor to be considered with regard to grain size and gold distribution is the 
dominant deposition mechanism involved during the formation of the ore. Gold is deposited 
from hydrothermal ore fluids in response to the changes in the physico-chemical conditions of 
the fluid at the site of ore deposition.  Gold precipitation from the hydrothermal ore fluid is 
brought about by changes in ore-fluid chemistry, pressure or temperature (less likely though) 
caused by a number of geological processes including; 

 Adiabatic and conductive cooling of the ore fluids, 

 Interaction between ore fluids and their surrounding host rock, 

 Phase separation in response to pressure decrease during the rise or throttling of the 
ore fluid,  

 By mixing of two or more different fluids (Dilution) and  

 Surface chemistry driven processes such as chemisorptions of gold onto sulphides, 
sulpharsenicide and/or arsenic mineral surfaces. 

It is, however, possible that more than one process can be involved in the deposition of gold 
in any deposit. The fact that already deposited gold can be remobilized during metamorphic 
events sometimes makes it difficult to picture out the dominant depositional process. The 
precipitation mechanism and the geology of the host rock determine the distribution of gold 
within its ores.  

Interactions between the hydrothermal fluids and the organic matter-rich metasedimentary 
rocks at the Ersmarksberget gold mineralisation must have brought about changes in pH and 
redox conditions which subsequently led to the precipitation of gold. In polished thin sections 
much of the gold particles observed are situated along microcracks and fractures in quartz and 
arsernopyrite and along grain boundaries. It is suggested therefore that the quartz and 
sulphides precipitated from solution before gold. It is also possible that several episodes of 
mineralisation could have occurred in the deposit. The first episode deposited quartz, 
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sulphides and gold, especially the gold situated along grain boundaries and locked within the 
sulphides, subsequent deformation and metamorphism led to the fracturing of the fore 
deposited rocks. Gold could have been remobilised during subsequent deformation and 
metamorphism and precipitated along these zones of high surface charges (cracks and 
fractures). Gold occurring within crystal lattices could also have been remobilised through 
diffusion during deformation into cracks and fractures. It is likely that more than one of the 
fore mentioned possibilities must have been involved in the formation of this deposit. One 
single event cannot account for the distribution of gold in this deposit. 

 

7.2 Conclusion 
The gold in the Ersmarksberget gold deposit is hosted in quartz and the wall rocks in contact 
with the quartz veins, which are mainly schist, mudstones, siltstones etc. In the quartz veins 
the gold is localised along the quartz grain boundaries, quartz-arsenopyrite grain boundaries, 
within the arsenopyrite crystals, fractures and voids in quartz and arsenopyrite crystals. 

The gold in the Ersmarksberget gold deposit is an electrum with gold to silver ratios of 
approximately 5:1. No other gold minerals were detected by SEM or the EPMA. Most of the 
gold (electrum) is fine-grained and probably sub microscopic. The largest particles are about 
100 microns in their largest diameter and the smallest visible particles are less than 
10microns. 

Metallurgically, the Ersmarksberget gold deposit is a carbonaceous gold ore. Its refractory 
nature can be attributed to the several factors such as the presence of organic matter which has 
been metamorphosed to graphite which adsorbs gold from pregnant solution, the presence of 
sulphides which consume reagents, locked gold in sulphide minerals which are not exposed to 
the leachant. Calcite present in the ore can regulate the pH and influence the reaction rate 
leading to low gold recoveries. 

Roasting of the ore converts the sulphides to oxides and releases the organic matter as carbon 
dioxide. This will increase recoveries but the environmental implication also has to be 
considered. Bacteria oxidation is a more environmentally friendly option and can be used in 
this deposit with success. 

 

7.3 Recommendations 
The factors affecting the gold recoveries at the Ersmarksberget gold mine have been proposed 
based on the mineralogy of the ore. A metallurgical test work to determine the extent to which 
each of these factors affect the recovery process is highly recommended.  

The Ersmarkberget gold mineralisation exhibits an orogenic gold style mineralisation but no 
thorough work has been done to classify the deposit. Such work is recommended because it 
will not only classify the deposit but also determine if the gold mineralisation is related to the 
Pb/Zn/Ag mineralisation. 
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Appendix A; Optical microscopy 
 

 

 

Sample no.R33, gold particle in 
quartz matrix. 

Sample no. R16 gold particle in   
microfracture within quartz 
matrix. 

Au 

Aspy 

Qtz 

Au 
Qtz 
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Sample no. R16 gold particles 
clustered along  the  quartz –
Arsenopyrite grain boundary. 

Sample no. R25 gold particle in   
microfracture within quartz 
matrix. 



51 
 

Appendix B; Scanning electron microscope data 

Spectrum processing :  
No peaks omitted 
 
Element Weight% Atomic%  
         
O K 4.54 25.53  
Al K 1.64 5.46  
Si K 3.00 9.62  
K K 3.76 8.66  
Fe K 4.28 6.90  
Ag L 15.98 13.33  
Au M 66.79 30.50  
    
Totals 100.00   
 
 

 

Project 1 
28/05/2010 10:06:12 

SEM data from gold particle 
in sample number AH2 
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Project 1 
28/05/2010 08:44:50 

Spectrum processing :  
No peaks omitted 
 

Element Weight% Atomic%  
         
O K 8.48 40.27  
Si K 7.99 21.61  
Ag L 18.54 13.05  
Au M 64.99 25.06  
    
Totals 100.00   

 
 

SEM data from gold particle 
in sample number R16 
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Project 1 
28/05/2010 09:42:16 

Spectrum processing :  
No peaks omitted 
 

Element Weight% Atomic%  
         
O K 6.66 35.20  
Si K 6.97 20.97  
Ag L 19.13 14.99  
Au M 67.24 28.85  
    
Totals 100.00   

 
 

SEM data from gold particle in 
sample number R33 
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Project 1 
28/05/2010 09:35:17 

Spectrum processing :  
No peaks omitted 
 

Element Weight% Atomic%  
         
O K 6.53 34.63  
Si K 7.01 21.17  
Ag L 19.61 15.42  
Au M 66.85 28.79  
    
Totals 100.00   

 
 

SEM data from sample R33 
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Project 1 
28/05/2010 10:00:21 

Spectrum processing :  
No peaks omitted 
 

Element Weight% Atomic%  
         
Si K 2.15 11.57  
Ag L 21.34 29.84  
Au M 76.51 58.59  
    
Totals 100.00   

 
 

SEM data for sample number 
AH2 
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Spectrum processing :  
No peaks omitted 
 
Element Weight% Atomic%  
         
O K 5.92 31.60  
Si K 5.13 15.61  
Fe K 8.08 12.36  
Ag L 15.04 11.91  
Au M 65.82 28.53  
    
Totals 100.00   
 
 

 

Project 1 
28/05/2010 09:23:34 

 

SEM data for sample number 
R13 
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Spectrum processing :  
Peak possibly omitted : 4.890 keV 
 
Element Weight% Atomic%  
         
C K 6.58 38.69 
O K 3.21 14.18  
Si K 3.42 8.60  
Ag L 25.05 16.40  
Au M 61.74 22.13 
    
Totals 100.00  
 
 

 

Project 1 
28/05/2010 09:12:24 

SEM data for sample number 
R25. 
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Spectrum processing :  
No peaks omitted 
 
Element Weight% Atomic%  
         
C K 1.74 13.38  
O K 3.71 21.41  
Si K 3.76 12.35 
Ag L 26.55 22.73  
Au M 64.24 30.12  
    
Totals 100.00   
 
 

 

Project 1 
28/05/2010 09:11:46 

SEM data for gold paticles in 
sample number R25 
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SEM image of gold particle with 
dimensions of sample number 
R25 

SEM image of gold particle from 
sample number R25 

SEM images of gold particle 
from sample number R33. 
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SEM image of gold particle with 
dimensions from sample number 
R33. 

SEM image of gold particle from 
sample number AH2 

SEM image of gold particle with 
dimension from sample number 
AH2 
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SEM image of gold particle from 
sample number R13 

SEM image of gold particle with 
dimensions from sample number 
R13 

SEM image of gold particle in 
sample number R16 
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Appendix C; Electron microprobe analyses. 
 

 

SEM image of gold particle with 
dimensions in sample number 
R16 

Secondary electron image of 
sample number R13, with profile 
line for arsenic 
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Secondary electron image of 
sample number R13 with spectra 
lines for gold. 

Secondary electron image of 
sample number R16 

Backscattered electron image of 
sample number R16 
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Secondary electron image of 
gold particle in quartz matrix of 
sample number R16 

Backscattered electron image of 
gold particles locked with 
arsenopyrite crystals from 
sample number R16 

Backscattered electron image of 
sample number R16 
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Secondary electron image of 
sample number R16 

Backscattered electron image of 
sample number R13 with gold 
and Pb AU Pb 

AU 

Secondary electron image of 
sample number R13 
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Secondary electron image of 
sample number R13 wtih gold 
spectra lines for gold 

Secondary electron image of 
sample R13 

Secondary electron image of 
sample number R13 with spectra 
lines for Pb. 
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Backscattered electron image 
from sample number R13 with 
spectra line for gold 

Backscattered electron image of 
gold in microfractures from 
sample number R13 

Backscattered electron image of 
gold in microfractures from 
sample number R13 with spectra 
lines for gold 
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Backscattered electron image of 
gold particle from sample 
number R13 

Secondary electron image from 
sample R25. 

Seconadary image of gold 
particle from sample number 
R25 
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Back scattered electron image of 
gold particle from sample 
number R25 

Backscattered electron image of 
sample R33 

Backscattered electron image of 
gold particle (4008X) from 
sample number R25. 
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Secondary electron image of 
gold particle from sample 
number R33 

Backscattered electron image of 
gold particle from sample R33. 

Secondary electron image of 
gold particle from sample 
number R33. 


