
 
 
 
 
 
GEOLOGICAL SURVEY OF FINLAND 
Research Laboratory 
Espoo Unit 
M19/3831/2009/44    
   30.08.2009, Espoo 

 
 
 
 
 
 
 

Preliminary mineralogical and analytical information from 
Oiva`s  gold-quartz-dyke, in the Lapland granulite belt, 

Laanila,  northern Finland 
 
 

Tegist Chernet 
 
 
 
 
 
 
 
 
 
 
 
Tilaaja - Veikko Keinänen and Olli Sarapää 
Hanke no. - 2141007 
 

 
 
 
 
 
 



GEOLOGICAL SURVEY OF FINLAND DOCUMENTATION PAGE 
Date / Rec. no. 

 
Type of report Authors 

Tegist Chernet Commissioned by:  GTK/PSY, Keinänen  V. and Sarapää, O. 

Title of report 

Preliminary mineralogical and analytical information from Oiva`s  gold-quartz-dyke,  in the Lapland granulite 
belt, Laanila,  northern Finland 

 
Abstract 
 

The mineralogy of gold-electrum and associated ore minerals from Oiva`s gold-quartz dyke is studied by light 
and electron microscopes. Samples are polished thin sections from the hard rock and various non-magnetic 
fractions (<200μm and 2mm -200μm) of heavy mineral concentrates after selective fragmentation. SelFrag was 
able to release individual grains of gold, electrum and other minerals of interest preserving their original shape 
and size and provided an opportunity for detailed study of their morphology, texture and alteration features, and 
chemical composition.  
 A number of gold rather electrum grains are recovered mainly from fragmented and preconcentrated 
samples. Composition of gold/electrum varies from about 27,15 to 96,06wt.% Au and from 3,5 to 72,85wt% 
Ag with Ag/Au = 0.04-2.68.  Morphologically, gold/electrum grains are irregular, globular, branched, grooved, 
subrounded, and flaky. Although chalcopyrite is relatively common, other sulfides are generally fine grained, 
disseminated and rare. Gold/electrum is goethite-quartz hosted and scarcely associated with silver telluride, 
bismuth telluride, native bismuth and secondary Ag sulfide and Ag halide. 
 Detailed studies on more samples should be conducted to define the source of the gold/electrum. Based 
on a few mineralogical evidences, however, electrum might have been hydrothermally deposited and partially 
remobilized by supergene processes for the depletion of its silver to form fine grained native gold. Such 
secondary enrichment might also be supported by the presence of acanthite, iodargyrite and covellite.  
 

 
Abstrakti 
 
Laanilan Kakslauttasessa sijaitsevan Oivan kulta-kvartsijuonen malmimineralogia; kulta-elektrum ja siihen 
liittyvät malmimineraalit,  tutkittiin valo- ja elektronimikroskoopilla.  Tutkittavat näytteet olivat kiillotettuja 
ohuthieitä juonesta sekä selektiivisen fraktioinnin jälkeen tehtyjä  raskasmineraalirikasteita ei-magneettisista 
fraktioista (<200μm ja  2mm -200μm).  Selektiivisen fraktiointimenetelmän  avulla pystyttiin irroittamaan 
kulta/elektrum ja muut mineraalirakeet ehyinä alkuperäisessä muodossaan ja koossaan, jonka jälkeen niiden 
muotoa, tekstuuria ja muuttumista, sekä kemiallista koostumusta voitiin analysoida yksyiskohtaisesti. 
 
Kultarakeiden  ja elekrum-rakeiden määrä laskettiin fragmentoiduista rikasteista. Kulta-elektrum sisältää 27,15-
96,06 wt% Au ja 3,5 %-72,85% Ag ja sen Ag/Au-suhde on 0.04-2.68. Kulta-elektrumrakeet ovat  epäsäännöllisiä, 
pallomaisia, haaroittuneita, uurteisia, osittain pyöristyneitä ja levymäisiä muodoltaan. Vaikka kuparikiisu on 
melko yleistä, muut sulfidimineraalit ovat yleensä hienorakeisia ja harvinaisia. Kulta-elektrum on götiitin ja 
kvartsin ympäröimä ja siihen liittyy vain vähäisessä määrin hopeatellurideja, vismutti-tellurideja, vismuttia ja 
sekundäärisiä hopeasulfideja ja hopeahalideja. 
 
Detaljitutkimukset useammista näytteistä olisivat tarpeen kulta-elektrumin alkuperän määrittämiseksi. 
Mineralogiset todisteet viittaavat, että elektrumi saattaisi olla hydrotermisesti muodostunutta.  Myöhempien 
supergeenisten prosessien vaikutuksesta ja hopean poistumisen myötä olisi syntynyt puhtaita hienorakeisia 
kultahippuja. Sekundäärisestä rikastumista tukevat myös akantiitin,  iodargyriitin ja kovelliitin esiintyminen. 
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I Introduction 
 
 
1. Scope of the work 

 

The main objectives of this study (Phase I) are to search gold and related minerals, and to 

determine their associations, distributions, grain size, proportion and intergrowth with the host 

minerals in the rock samples taken from the so called 'Oiva's gold-quartz dyke' and associated 

rocks. This report summarizes the results of investigation from the submitted samples and 

documented as reference for upcoming further investigation. Results are believed to be used as a 

guild for further gold exploration in the area. 

 

2. Location  

 

Oiva's dyke is situated in Kakslauttanen, Inari municipality, about one hundred meters north 

from the border of Sodankylä, about one km west of the main road connecting Sodankylä and 

Ivalo. It is located about 2km SSE of the ancient gold mineshaft of Kaarle Kustaa. 

 

  
Fig. 1 Location map of Oiva's gold-quartz dyke 
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3. Samples, sample preparation and analytical methods 
 
 

Samples 
 
Excavated, seven hard rock samples were examined. Samples are both from mineralized and 

unmineralized zone in terms of gold content. Sampling for mineralogical studies were done 

based on gold assay results (Table 1).  Concentration of gold have a good correlation with the 

concentrations of Ag, Bi, Te, Fe, Cu and S. Samples submitted are given in Table 2. 

 

Table 1. Chemical analyses of some of the samples using ICP-MS and ICP-AES 
 

 
 
 
 
Table 2.  Samples examined (sample numbers and submitted dates) 
 

06/11/2008 (Sarapää) 25/03/2009 (Keinänen) 

OS-08-4.1 OS-08-4.0 

OS-08-4.4 OS-08-4.2 

OS-08-4.6 OS-08-4.2a 

 OS-08-4.3a 
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Sample preparation 
 
Most samples are divided in to two parts; for polished thin section preparation and for selFrag 

fragmentation that leads to heavy mineral concentration.  Table 3 shows the distribution of 

sample preparation. 

 

Table 3. Distribution of sample preparation 
 

For polished No. of sections For selFrag Fragmented 
thin section fragmentation Sample wt(g) 

OS-08-4.1 2 - - 

OS-08-4.4 1 - - 

OS-08-4.6 2 - - 

OS-08-4.0 1 OS-08-4.0 212 

OS-08-4.2 1 OS-08-4.2 417,5 

OS-08-4.2a 1 OS-08-4.2a 354,5 

OS-08-4.3a 1 OS-08-4.3a 240 

 

SelFrag fragmented samples are further classified in to three grain size classes (>2mm, 2mm-

200μm, <200μm). Fractions >2mm are studied directly using binocular microscope. Fraction 

2mm-200μm and <200μm are treated by heavy media separation (HMS) where the heavy 

fractions (d>3.3) are further separated by Franz electromagnetic separator. The non-magnetic 

concentrates from 2mm-200μm grain size fractions are observed under binocular microscope. 

Composition and morphology of picked gold grains are studied using SEM. The non-magnetic 

concentrates from <200μm fractions are directly examined under SEM. In this case, powder 

samples are carefully prepared on a carbon tap for gold and related minerals search using 

FEATURE program in SEM.  

 
 
Sample analyses 
 
All polished sections are studied both in transmitted and reflected light microscope equipped 

with digital camera. Gold and associated minerals, however, are very fine grained, beyond 

petrographic light microscope observation. Hence, most of the polished sections are examined 

under the scanning electron microscope (SEM) attached with software FEATURE for gold and 

related metal search. Scanning with electron microscope also supported to observe textural 

configuration of the rare metals in the rock. Heavy mineral concentrates and picked gold grains 
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are studied under SEM /FEATURE. Several high magnification BSE images were taken along 

with semi-quantitative analyses of the detected heavies with the EDS unit. 

 

 

II Microscopic observations 
 

1. SelFrag assisted heavy mineral concentrates 

 

Sufficient liberation of heavy minerals is achieved by selFrag and consecutive concentration 

methods.  Microscope observation revealed that gold/electrum and related minerals, as small as a 

few microns sizes, are released and recovered as there were in the rock. Table 4 shows the result 

of fragmentation, screening, HMS, magnetic separation and recovery of gold (mainly electrum) 

from the two main fractions. Interestingly, the recovery from the coarse fractions (2mm-200μm) 

is well correlated to the recovery from the finer fractions (<200μm). Further, the weights of 

fragmented samples are positively correlated with the recovery of gold/ electrum. This indicates 

the distribution of gold/electrum in all samples is similar. 

 

 

Table 4. SelFrag fragmented sample processing and recovery of gold/electrum 
 

T. weight (g)

>2mm 2mm-200μm <200μm 2mm-200μm 2mm-200μm
OS-08-4.0 212 3.6 117.3 84.6 20.8 20.8

OS-08-4.2 417,5 50 261.2 99.6 10.8 10.8

OS-08-4.2a 354,5 42 232.2 73.8 1.71 1.71

OS-08-4.3a 240 8.8 141.1 83.3 7.9 7.9

2mm-200μm, 
mag (0.6A)

<200μm (after 
deslim, >3.3)

2mm-200μm, 
non-mag 
(0.6A)

<200μm,     
non-mag 
(0.6A)

2mm-200μm 
(picked)

<200μm 
(FEATURE/SEM) 

detected gold/electrum
OS-08-4.0 20.6 33 0.13 0.12 1 grains >850 grains
OS-08-4.2 10.7 22.5 0.05 0.07 11 grains >3700 grains
OS-08-4.2a 1.47 4.9 0.22 0.09 5 grains >2000 grains
OS-08-4.3a 7.7 22.5 0.2 0.12 0 grains >400 grains

Sample no. Sieve fractions (g) HMS heavies 
(d>3.3) (g)

Sample no.

d>3.3, non-mag (g) 
(hand manget)

HMS heavies  (d>3.3)  and   (non-mag after franz 0.6A) Gold grains recovery (non-mag fractions)
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2. Polished thin sections and heavy mineral grains  

 
General description of the ore and rock forming minerals are given in Table 5. The main metallic 

minerals are secondary iron oxide (goethite), chalcopyrite and rutile (Figs, 3, 5, 8, 9). Less 

common are disseminated pyrite, arsenopyrite, galena, cobaltite, covellite, sphalerite, (Figs. 3a, 

3c, 3f, 8d, 9a-c), native gold (Fig 4), electrum (Fig 5), silver/acanthite (Ag2S) (Fig. 6), 

iodargyrite (AgI) (Fig 7), silver telluride, bismuth telluride, metallic bismuth (Fig. 8), barite (Fig. 

10), molybdenite and complex minerals composed of U-Pb and U-Pb-Th (Fig. 3k). Most of these 

minerals are dominated in the quartz rich rock taken from the referred dyke. Gangue minerals in 

the samples from the dyke are dominated by quartz with minor amount of feldspar and mica 

(OS-08- (4.0, 4.2, 4.2a, 4.3a, 4.6)). Samples submitted from the surrounding altered granulite are 

dominated by mica (mainly chloritic), Na and K feldspars and quartz with minor amount of 

rutile, zircon, monazite and xenotime (OS-08-4.1 and OS-08-4.4).  

 

Ore (sulfides, oxides, etc.) minerals are not common. The relatively dominating mineral in the 

quartz rich rock , however, is secondary Fe-oxide (goethite) with tree-like, veinlets and void 

space filling structures often along quartz grain boundaries (Figs. 3b, 3e ,3i ,3l). No clear 

evidence of pseudomorph on goethite is observed from the give samples. Secondary Fe-oxide 

generally constitutes not more than 5-10vol% of the rock.  Fine-grained chalcopyrite is usually 

associated with goethite and enclosed in large grains of quartz and quartz aggregates. Gold and 

electrum often occur as small grains (commonly <50μm) on surfaces of goethite or embedded in 

open spaces between goethite or along the boundaries between quartz and goethite (Figs. 3e).  

The cavities of relatively larger grains mainly of electrum are filled with secondary Fe-oxides or 

altered magnetite and rutile.  The minerals also occur along fractures of quartz grains and filling 

open spaces in quartz grains.  

 

Native gold (Au=80-99wt%) is scares (Figs. 4a-e).  Gold occurs in three forms: 1) as separate 

grains, 2) as porous rich core with silver- rich rim and 3) as random high gold composition with 

electrum grains. The common type of gold, however, is in the form of electrum with variable 

amount of Ag (Ag>20wt%) (Figs. 3e, 5a-n). The silver mineral assemblage is dominated by 

acanthite (Ag2S) and iodargyrite (AgI) (Figs. 3d, 6a-e, 7a-b). The occurrence of such silver 

compositions is associated with goethite and quartz grains as cavity and fracture filling structures 

(Figs. 3i, 3l).  Acanthite is found as a thin layer covering chalcopyrite and silver  
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Table 5. Petrographic microscope and Scanning Electron Microscope (SEM) observation of 
polished thin sections 
 

OS-08-4.6 Cpy, Fe-hydroxide (py, 
Fe-Ti minerals, sph, 
apy, molybdenite, 
covellite/ chalocite?, 
cobaltite) 

Quartz (minor- mica, 
feldspar)

Quartz rich rock 
(quartz vein)

Au (99%), Ag (81%), 
electrum (Au=47-58%, 
Ag=39-49%), U with 
radiogenic Pb?

Skeleton structured limonite 
mass; Au/Ag are associated with 
Fe-hyrdoxide filling 
fractures/cavities of quartz

OS-08-4.2a Fe-hydroxide, Fe-Ti 
oxide, fine grained cpy, 
(rutile, baryite, galena, 
sph, apy, cobaltite)

Quartz, (K-feldspars, 
mica) 

Quartz rick rock 
(quartz vein)

Electrum, gold, bismuth 
telluride, metallic 
bismuth,

Cpy as inclusion in quartz; 
goethite as cavity filler, evn in 
gold and electrum; electrum 
assoc. with limonite in the cavity 
of quartz; tree-like structure of 
goethite; breccia?

Gold, electrum, acanthite, 
iodargyrite, silver 
telluride, U with 
radiogenic Pb

Acanthite is closely associated 
with goethite/limonite

OS-08-4.3a Fe-hydroxide, Fe-Ti 
oxide, fine grained cpy, 
(apy, py, shp, galena) 

Quartz, altered biotite-
phlogopite group minerals 
(epidote?)

Quartz rick rock 
(quartz vein)

Gold, electrum, acanthite, 
iodargyrite, silver 
telluride

tree-like structute of secondary 
Fe-oxide; cpy rarely rimmed by 
secondary Fe-oxide

OS-08-4.2 Fe-hydroxide 
(limonite), altered Fe- 
Ti oxide, cpy, (galena, 
py, apy, cobaltite) 

Quartz, (K-feld, phlogopite-
biotite group minerals 
(altered),  monazite)

 

 
OS-08-4.0 Fe-hydroxide (goethite/ 

limonite), altered Fe-Ti 
oxide, cpy 

Quartz, (biotite-phlogopite 
group minerals, mica, 
barite) 

Quartz rich rock 
(quartz vein)

Gold, electrum, acanthite, 
iodargyrite, metallic 
bismuth, bismuth and 
silver telluride

fine grained cpy rimmed by 
goethite; acantite with 
goethite/limonite; goethite filing 
cavities in gold and electrum

None

 

OS-08-4.4 Rutile, 
goethite/limonite, (cpy) 

Quartz, mica (clinochlore/ 
chlorite?, phlogopite, 
sercite), K-feld, (zircon, 
xenotime, monazite)

Quartz-mica 
schist

Remarks 

OS-08-4.1 Rutile, hematite, 
limonite 

Quartz, Mica 
(Clinochlore/chlorite, 
muscovite, biotite, sercite), 
feldspar (Na & K), (zircon, 
monazite, xenotime)

Mica schist None Altered granulite  
complex  

Rock type Gold & related metal 
search, SEM/Feature 

Sample no. Ore minerals & 
abundance 

Rock forming minerals 
(major /minor)

 
 
 

rich electrum, as banding texture and as a single grain.  Single grains of acanthite rarely display 

twinning structure (Fig. 6a). Fig 6d shows rhythmic banding of acanthite and goethite. Although 

fine grained, iodargyrite often appears as well developed crystals associated with electrum, 

goethite, chalcopyrite and quartz. Acanthite and iodargyrite might be secondary minerals after 

silver and electrum. Rare occurrence of silver telluride, bismuth telluride and native bismuth are 

observed in association with electrum, chalcopyrite, galena and cobaltite (Figs. 8a-e). Primary 

minerals of arsenopyrite, pyrite, cobaltite and galena are scarcely observed along with the 

relatively common mineral, chalcopyrite (Figs. 3a, 3c, 3f, 9a-c). Replacement of chalcopyrite 

with covellite and secondary iron oxide is observed (Fig. 3a). 
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Fig 3a. Chalcopyrite replaced by covellite and further 
rimmed by goethite (OS-08-4.6) 

Fig 3b. Goethite mass filling fractures and 
cavities mainly in quartz (OS-08-4.6) 

  
  

  
  
Fig 3c. Pyrite (light grey) and cobaltite (dark grey) as 
inclusion in quartz (OS-08-4.6) 

Fig 3d. Acanthite (Ag=83wt%, S=15wt%)  
associated with quartz (OS-08-4.6) 

  
  

 
 
Fig 3e. Electrum (Au=58.4wt%, Ag=39.8wt%) 
associated with goethite that fills openings and 
fractures in quartz (OS-08-4.6) 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Fig 3f. Intergrowth of arsenopyrite (dark grey), 
cobaltite (light grey) (OS-08-4.6) 
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Fig 3g. Covellite ( Cu= 64wt%, S=34wt%) grains as 
inclusion in quartz (OS-08-4.6) 

 
 
Fig 3h. Fragmented and brecciated quartz, feldspar, 
mica filling cavities between quartz (OS-08-4.2a) 
 

  
  

    
Fig 3j. Fragmented and brecciated quartz, feldspar, mica 
filling cavities between quartz (OS-08-4.2a) 

Fig 3i Sponge-like silver/acanthite associated with 
goethite in the cavities of quartz grains (OS-08-4.3a) 

  
  

    
Fig 3l.  Silver/acanthite associated with goethite (OS-
08-4.2) 

Fig 3k. U-Pb complex minerals with chalcopyrite (grey) 
embedded in quartz (OS-08-4.3a) 
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Fig 4a. Liberated, massive, native gold (Au=90-92wt%, 
Ag=7-9wt%)  (OS-08-4.0) 

Fig 4b. Liberated, massive/subrounded, native gold 
(Au=90-92wt%, Ag=7-9wt%) (OS-08-4.0) 

  
  

  
  
Fig 4c. Massive subrounded native gold grain 
(Au=86.7-90.4wt%, Ag=9.6-9.9wt%) 

Fig 4d. Electrum with higher silver content on outer shell 
(flaky structure) and lower silver content on porous part 
of the grain (OS-08-4.2a)  
  

 
  

 Fig 5a. Gold/electrum grains (branched and grooved in 
morphology) in the heavy mineral concentrate (OS-08-
4.2) 

Fig 4e. Both native gold (interior, Au= 83.9-96wt%, 
Ag=3.9-7.6wt%) and electrum (outer, Au=54.6-
63.8wt%, Ag=36.2-45.7wt%) composition in the same 
grain (OS-08-4.2a) 
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Fig 5c. Electrum (Au=46-54wt%, Ag=46-54wt%, equal 
proportion) with irregular surface (without crystal faces) 
with fine embedded quartz and goethite (OS-08-4.2) 

Fig 5b. Dendritic/ branched, electrum (Au=44.5-
66wt%, Ag=29.5-43.4wt%) (OS-08-4.0) 
 

  
  

  
  
Fig 5e. Flaky electrum (Au= 50.6-52wt%, Ag= 48-
49.5wt%) with crystal surface visible (OS-08-4.2) 

Fig 5d. Irregular grain of electrum with  porous surface 
(Au=39-50wt%, Ag=49.8-60.7wt%) 

  
  
Fi  

  
  

Fig 5g. Irregular, branched electrum (Au=47.5-55wt%,  Fig 5f. Electrum (Au=46-57.6wt%, Ag=42-54.3wt%), 
irregular, some botryoidal shapes and grooved surface 
structure (OS-08-4.2) 

Ag=45-54.9wt%) (OS-08-4.2) 
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Fig 5h. Electrum (Au=43.3-56.8wt%, Ag=43.3, 56.7) 
intergrown with goethite (OS-08-4.2) 

Fig 5i. Fe-oxide filling cavities and grooved surface of 
electrum (OS-08-4.2a) 

  
  

  
 
Fig 5j. Gold and electrum composition in the same grain 
(Au=41.7-87.7wt%, Ag=12.2-58.3wt%) (OS-08-4.2) 

 
Fig 5k. Irregular and branched electrum (Au=49.7-
53.5wt%, Ag=46.5-50.3wt%) (OS-08-4.3a) 

  
  

  
  

Fig 5m. Silver rich electrum (Ag=40.6-83.6wt%, 
Au=16.4-55.4wt%)  (OS-08-4.3a) 

Fig 5l. Electrum (Au= 49.4-62.8wt%, Ag= 30-
50.6wt%) with botryoidal structure (OS-08-4.2a) 
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Fig 6a. Acanthite (light grey) and electrum (light) with 
embedded Fe-oxide grains. Note twinning in acanthite? 
(OS-08-4.2) 

Fig 5n.  Electrum with branched structure.. (OS-08-4.2) 
 
 

  

    
Fig 6c.  Acanthite (Ag=84wt%, S=15.8wt%) (light grey) 
and electrum (Au=62wt%, Ag=37.7wt%) (OS-08-4.2) 

Fig 6b.  Silver sulfide (acanthite?)  (Ag= 62- 74wt%, 
S=25-37%) developed on the surface of chalcopyrite 
(OS-08-4.0)  

  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

  
Fig 6d. Acanthite (Ag=76-88wt%, S=11-23wt%) 
intergrown with goethite (OS-08-4.2) 

 
Fig 6e. Thin layer of acanthite (Ag=75.4-78.4wt%, 
S=17.9-19.6wt%) covering chalcopyrite (OS-08-4.3a)  
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Fig 7a. Well developed crystal of iodargyrite (AgI) 
(Ag=49.7-54wt%, I=45.9-50.2wt%) (OS-08-4.0) 

Fig 7b.  Iodargyrite (middle) (Ag=44.5-47.8wt%, 
I=52-55.5wt%) (OS-08-4.0) 

  
  

  
  
Fig 8a. Bismuth telluride (bright grain, 25micron in size) 
(Bi=57.2wt%, Te=42.7wt%) (OS-08-4.0) 

Fig 8b. Native bismuth (bright), silver telluride (light 
grey) associated with chalcopyrite (grey) (OS-08-4.2) 

  
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 8c. Native bismuth (light) and Silver telluride (light 
grey) with chalcopyrite (grey) (OS-08-4.0) 

 

 
 

Fig 8d. Bismuth telluride (bright) (Bi=75, Te= 24.9wt%)  
associated with cobaltite (OS-08-4.2a) 
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Fig 8e. Native bismuth (Bi=91.07wt% as inclusion in 
chalcopyrite (OS-08-4.2a) 

Fig 9a. Small crystal of galena (bright) and twinned   
rutile grain (OS-08-4.2a) 

  
  
  

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

Fig 9b. Crystal face of cobaltite (CoAsS) (OS-08-4.3a) Fig 9c. Galena (bright) and chalcopyrite (OS-08-4.3a) 
  
  
  

  

    
Fig 10a. Baryte grain with perfect crystal shape (OS-
08-4.2a) 

Fig 10b. Baryte liberated with visible crystal structure 
(OS-08-4.2a) 
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Other minerals rarely disseminated within quartz rich rock are barite (Figs. 10a-b), molybdenite, 

sphalerite and U-Pb-Th rich complex mineral (Fig 3k) assemblages. 

 
 
3. Composition, shape and grain size distributions of gold/electrum grains 
 
 
Hundreds of gold bearing grains are analyzed semi-quantitatively with SEM for their gold and 

silver contents. Here, the composition of gold (native gold) is defined as Ag<20 wt%, Au>79 

wt% and electrum is defined as Ag>79 wt%, Au<20 wt%. Electrum/gold is usually confined 

with goethite and quartz, and ranges in composition from 27,15 to 96,06 wt.% Au and from 3,5 

to 72,85 wt% Ag. A few analyses with Ag>80 wt% are detected. Ag/Au ratio, from each sample, 

is given in Table 6. The ratio indicates that native gold is present in most of the samples as well 

as silver rich electrum.  

 

Table 6. Ag/Au ratio from over 300 analyses (SEM-EDS) 
 
Sample Ag/Au Ag/Au 

Min Max
OS-08-4.0 0.07 1.95
OS-08-4.2 0.07 1.4
OS-08-4.2a 0.04 2.68
OS-08-4.3a 0.41 1.64  
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Fig 11. Ag_Au proportion in the gold/electrum grains population (>300 analyses) 
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The populations in Fig 11 show the composition of native gold and electrum, with electrum 

having larger population. Those point of analyses deviated from the linear population (where the 

total is nearly100%) indicates the presence of trace elements, mainly Fe, Cu and Hg. Trace 

amount of Hg is detected in a few analyses associated with native gold grains. The spectrum of 

Hg in many cases, however, was not clear!  

 

The composition of gold grains picked from coarser fraction (2mm - 200μm) is all electrum 

(Au= 28.6-70.39 wt%, Ag= 29.61- 65.85 wt%) clearly indicates that native gold grains are finer 

than electrum grains. Gold/electrum in the fine fraction (<200μm) shows wide range of 

composition. Native gold grains composition (Au=79.93- 96.06wt%, Ag= 3.5 – 19.91wt%) is 

detected only in the fine fractions as separate grains and with electrum (Figs. 4a-e).  

 

Gold/electrum grains display various shapes, such as branched (or dendritic), irregular, massive, 

subrounded, grooved, botryoidal/globular and sponge-like without crystal faces (Figs. 3i, 4, 5). A 

separate pure gold grains often are massive and subrounded with rough surfaces (Figs 4a-c). 

Electrum is rather irregular, branched (or dendritic), flaky and globular. Flaky electrum is 

encountered with crystal faces (Fig. 5e). Grooved surfaces are filled with entrapped goethite, 

altered magnetite and rutile (Figs. 5e-n, 6a).  

 

Grain size distribution of gold and electrum is determined with FEATURE program from 

<200μm fractions of the given samples. Since liberation of gold and electrum particles were 

achieved as they were in the rock, the distribution indicates the grain size of gold/electrum in the 

rock after reliable image analyses. Here images of grains are detected from unpolished surface.  

 
 
Table 7. Grain size distribution of gold/electrum from <200μm fraction of sample OS-08-4.0 
 
Class <25 25-50 50-75 75-100 100-125 125-150 150-175 175-200 >=200
Electrum 201 88 35 10 6 5 3 0 1
Au 143 82 42 13 5 1 0 1 0
Au_low 133 39 16 2 4 0 0 0 0
Cpy 123 44 11 2 1 1 1 0 0
Unclassified 92 18 6 0 0 0 0 0 0
AgS 78 5 0 0 1 0 0 0 0
Ag-rich electrum 19 7 3 0 1 0 0 0 0
AgI 21 5 1 0 0 0 0 0 0
AgTe 0 2 0 0 0 0 0 0 0
BiTe 0 2 0 0 0 0 0 0 0
Note: Electrum in this case is defined as Ag>30wt%; gold in this case is defined as Ag<30wt%; Au_low represents  
the relatively low content of gold due to trace elements and entrapped spectrum from surrounding? 
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Gold/electrum images were noisy (due to uneven surfaces and trapped oxides). Without correctly 

adjusting the image processing parameters, binary images (after thresholding) might not 

represent the actual size of the grain. Several small features might be detected instead of one 

large feature. Hence, the grain size data here is relatively finer than the actual grain size. Such 

semi-quantitative presentation only provides a general picture of the gold/electrum size 

distribution. Analysis for sample OS-08-4.0 is presented in Table 7.  Most of the gold and 

electrum grains are concentrated in the fractions <50μm.  Well developed crystals like 

iodargyrite displays the actual grain size value as in the rock.  

 

 

III Discussion 
 

1. Electrum, gold and related minerals 

 

Electrum, gold, acanthite and iodargyrite have been examined from partially oxidized and 

brecciated quartz rich dyke where the cavities and fractures between quartz grains are replaced 

mainly by secondary Fe-oxide (goethite). On the bases of mineral association, grain morphology 

and composition, the electrum/gold minerals are identified as goethite-quartz hosted associated 

with assemblages of supergene minerals (acanthite, iodargyrite, covellite). Goethite that hosts 

electrum in the Morning star deposit, California occurs as pseudomorph after pyrite (Sheets, et 

al., 1995) but no evidence of such structure is observed in the given samples from Oiva's dyke.  

 

Textural relations and associated minerals suggest that the primary electrum was hydrothermally 

deposited and partially remobilized by supergene processes.  Chloritization of the host granulite 

complex might support the hydrothermal activity. Generally, textural evidence and the presence 

of secondary silver minerals favors supergene remobilization of Au and Ag, which were 

deposited mainly as electrum on or replacing goethite. The gold rich electrum (native gold) 

might be just secondary derived from primary electrum. The relative fineness (in grain size) of 

native gold compared to electrum grains might also support the secondary nature of such silver 

depleted gold grains. Acanthite grains here are both twinned and untwinned. The nature of its 

twinning and morphology might suggest low-temperature of formation (Taylor, 1969). The 

silver halide mineral, iodargyrite is often a chemically precipitated mineral, and can be used to 
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describe climatic constraints at the time of their formation (Boyle, 1997). As a result, the 

physical form, chemical composition and relative abundance of the Ag-halide in the area should 

be examined further. 

 

The minerals liberation process that became a key for ample information is also worth to 

mention here. SelFrag sufficiently released gold, electrum and related ore minerals from the 

given quartz rich rock without deforming or altering the grains original shape and size that 

provide detailed mineralogical information. The application of electric pulse disaggregation by 

selFrag is rather new sample processing technique for gold mineralogy.  Cabri, L. J., et al. (2008) 

recently published the application and a promising prospect of electric pulse disaggregation 

(EPD) by CNT-Spark-2 in the process mineralogy of precious metals and related ore types.  

 

 

2. Indication of secondary enrichment 

 

1 Replacement of chalcopyrite with covellite and further rimmed by goethite, 

2 The formation of secondary Fe- oxide (goethite) as cavity filling between brecciated quartz, 

3 The association of gold and silver minerals mainly with goethite and fractured quartz, 

4 The formation of goethite as rim along quartz grains and fine grained chalcopyrite, 

5 The presence of Ag depleted Au rich porous core rimmed with Ag rich electrum, 

6 Native gold grains relatively finer than electrum, 

7 The presence of acanthite (Ag2S) along with electrum which is typical of secondary 

 enrichment, 

8 The presence of iodargyrite (AgI), which is often a secondary mineral associated with 

 weathered silver or electrum bearing deposits. It might also indicate the involvement of 

 iodide rich water during supergene enrichment. 

 

 

IV Summary 
 

Several gold rather electrum grains with a range of composition (27,15 to 96,06wt% Au and 

from 3,5 to 72,85wt% Ag) are recovered mainly from fragmented and preconcentrated samples. 

Gold/electrum is mainly goethite-hosted or deposited along cavities and fractures of quartz 
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grains. A separate pure grain of gold is rare. If found often are massive and subrounded with 

rough surfaces. High gold composition (>80%) is randomly encountered associated with the 

electrum composition. In some cases, however, grain occurs containing silver-rich rim and gold 

rich core, where the gold rich part is often porous. The most common occurrence of gold is as 

electrum with irregular, branched (or dendritic), flaky and globular shapes. Acanthite along with 

electrum and chalcopyrite, well developed crystals of iodargyrite, a few grains of silver telluride, 

bismuth telluride and native bismuth, and rare occurrence of various types of sulfides are 

observed. Although studies on more samples should be conducted to conclude the source of the 

gold/electrum, based on a few evidences collected, hydrothermal deposition followed by 

supergene enrichment is favored.  

 

SelFrag proved to be an excellent rock fragmentation system to liberate sufficient gold/electrum 

grains without breaking the original size or deforming the original shape of the grains. Hence, 

such fragmentation system along with the consecutive preconcentration processes makes size, 

texture and morphological studies of the gold/electrum and other related minerals possible. 
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