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Abstract  
Mercury is recognized as a toxic, persistent, and mobile contaminant, it does not degrade in the 

environment and becomes mobile because of the volatility of the element and of it several 

compounds. 

What most of the people donôt know is that mercury can occur naturally in earth materials such as 

the mineral cinnabar or as a secondary enrichment in a mineral or rock. In this research we will look 

at what happens to the mercury concentrations of such an ore/rock if such an ore/rock will undergo 

tropical weathering over time and soil forming will take place. What will happen with the mercury 

contents in such a soil/weathering profile? 

The area of this research is the eastern part of the Marowijne Greenstone Belt where twelve profiles 

were sampled. 

Rocks of the eastern part of the Marowijne Greenstone Belt were sampled during fieldwork and 

analyzed on mercury in the laboratory, the results obtained from the analyzes roughly correspond to 

the natural values of such a rock, further in this research we will see how the mercury that is released 

moves/reacts during the soil forming processes. 
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 Figure 1. Geological map of Suriname with study area marked on 
(Geologisch Mijnbouwkundige Dienst., 1979) 

1.Introduction  
The Nationaal Instituut voor Milieu en Ontwikkeling in Suriname (NIMOS), has assigned the Anton 

de Kom University of Suriname to provide services for the assessment of mercury levels within gold 

bearing geological formations in Suriname. The aim of this research is to determine whether the 

weathering profiles of the different rock formations in the Marowijne Greenstone Belt also yield 

different mercury contents. 

1.1 Location study area 
The Marowijne Greenstone Belt 

The oldest rocks in Suriname together form the Marowijne Greenstone Belt (Figure 1).That is 

the northeastern part of the basement, which also extends into French Guiana and Northern 

Brazil. 

Roughly speaking, it is the area where the gold mines are located. 

It consists mainly of metamorphosed volcanic and sedimentary rocks, and further more of 

large intrusions of igneous rocks. 

They are hosted in three formations and three units of igneous rocks(Wong et al.,2017): 

¶ Rosebel Formation 

¶ Patamacca Granite 

¶ Armina Formation 

¶ Kabel Tonalite 

¶ Bemau Ultramafitite 

¶ Paramaka Formation  
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1.2 Problem statement  
The presence of anomalous concentration of mercury in many types of mineral deposits has long 

been recognized and used in the geochemical exploration for these ores (Rose et.al., 1979). 

Since mercury naturally occurs in earth materials. The main question is: What will happen with 

the mercury contents of the different rock formations in the Marowijne Greenstone Belt, if they 

start to weather over time and soil formation takes place? Will the mercury levels differ in each 

formation? 

The methods used to answer the question are: 

¶ To determine the levels of mercury within these formations. 

¶ To carry out fieldwork to sample these formations as well as lab analysis. 

1.3 Objectives 
The objectives of this research are as followed: 

¶ What will happen to the mercury contents of the different rock formations over time as 

its weathers? 

¶ How will the natural mercury released from a rock during soil formation concentrate in 

a soil profile? 

1.4 Thesis outline 
The thesis consists of five chapters. The first chapter covers the introduction, research objectives 

and the problem statement/ research questions. The second chapter includes the background 

information of the study area where the geology will be discussed. The third chapter covers the 

methods and techniques starting from literature study, field work, analyzing methods, followed 

by the results and discussion in the fourth chapter. To finalize the thesis conclusions will be 

drawn in the last chapter.  
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2.Background information 

2.1 Geology of Marowijne Greenstone Belt, Suriname 
 

The Marowijne Greenstone Belt of Suriname (Figure 2) forms part of a 1,500 Km long granite-

greenstone terrane extending along the northern portion of the Guiana Shield from north-eastern 

Venezuela to Brasilôs Amapa State. It formed during the Trans-Amazonian Orogeny by the north-

south convergence and eventually collision of the Amazonian and West Africa cratons 

(Kroonenberg et al., 2016). 

 

Figure 2. Geological map of Suriname (Kroonenberg et al.,2016) 
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The Marowijne Greenstone Belt contains three main metavolcanic-metasedimentary formations 

with the following stratigraphic sequence from base to top (Figure 3).  

a) The Paramaka Formation 

This formation contains a series of basalt, andesite, rhyolite, and dacite and volcaniclastic rocks, as 

well as some intercalated chemical sediments, all of which are metamorphosed to greenschist facies. 

According to Kroonenberg et al (2016), metabasalts with pillow structures have been found in the 

Gross Rosebel region, and these metabasalts are most likely represent the base of the Paramaka 

Formation, although the lower contact has not been observed. Andesite, dacite, rhyolite, and 

associated tuffs occur higher in the sequence, with a calc-alkaline signature, while intercalated 

phyllites and carbonaceous and ferruginous cherts increase towards the top of the sequence. Basalts 

are metamorphosed into massive actinolite-epidote-chlorite-sodic plagioclase assemblages with 

relict porphyritic amygdaloidal and pillow lava textures. Chlorite and sericite schist may beformed 

within andesite and rhyolite (Kroonenberg et. al., 2016) 

 

b) The Armina Formation 

This is interpreted as a flysch sequence of turbidite (Bosma et al., 1983) with intercalated greywacke 

and phyllite. Quartz, plagioclase, and fragments of intermediate metavolcanic rocks are present in 

the greywackes. The metamorphic grade increases northwards, from chlorite-sericite-rich 

assemblages to biotite and garnet-rich assemblages. Turbidites from the Armina Formation in the 

Gross Rosebel region have conglomeratic intercalations primarily composed of well-rounded, 

tectonically flattened volcanic and gabbroic clasts, with some tonalitic clasts (Kroonenberg et. al., 

2016) 

 

c) The Rosebel Formation 

This is the Marowijne Group's uppermost sequence. It has a basal heterolithic conglomerate 

interpreted as a sedimentary deposit upon an unconformity where it is deposited upon the Armina 

and Paramaka formations. Conglomerate layers are also present higher in the sequence. The most 

distinctive components are crossbedded grayish quartz-rich arkose and arenite with magnetite grains 

on the base of the foreset beds. The Rosebel sandstones have sedimentary structures that suggest 

deposition in a fluvial environment. The greater sedimentary maturity indicates the sediment was 

derived from a very weathered hinterland. The magnetite may be derived from the Paramaka 

volcanic rocks implying that an interval of uplift, erosion, and deep weathering occurred between 

the deposition of the Armina turbidites and the Rosebel fluvial sands (Kroonenberg et. al., 2016) 
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Formation Rock type Age (1 Ga=109y) 

Gran Rio Granite Biotite granite 2.09 Ga 
Pikien Rio Pyroxene 
Granite Pyroxene granite 2.10 Ga 

Rosebel Formation Qz sandstones, conglomerates 2.12 Ga 
Patamacca Granite Two-mica granite 2.12 Ga 
Taffra Schist Staurolite schists  
Armina Formation Metagreywackes, phyllites <2.16 Ga 
Sara's Lust Gneiss Migmatitic gneisses 2.15-2.08 Ga 
Kabel Tonalite  TTG -Tonalite, trondhjemite, granodiorite 2.18-2.12 Ga 
Paramaka Formation Phyllite, metachert, gondite  
Paramaka Formation Metaqzandesite etc 2.14-2.15 Ga 
Bemau Ultramafitite (Meta)gabbro, MetaUltramafite 2.14 Ga 
Paramaka Formation Metabasalt  
Paramaka Formation Amphibolite  

Figure 3. A concise stratigraphy of the Marowijne Greenstone Belt (Kroonenberg et al., 2016) 

 

 

2.2 General information on mercury 
Mercury is recognized as a toxic, persistent, and mobile contaminant, it does not degrade in the 

environment and becomes mobile because of the volatility of the element and of it several 

compounds (Gworek et al., 2020). Mercury is a globally distributed pollutant due to characteristics 

such as low melting and boiling points, conversions between chemical form and participation in 

biological cycles. 

 

Mercury can occur in geological materials as elemental Hg0, as the main mineral cinnabar HgS. 

Three types of mercury deposits can occur in mercury mineral belts: 

Almaden-type, Silica-Carbonate type and Hot-spring type. Cinnabar is the main ore mineral in 

each of the three mercury deposits types. 

The geological and geochemical processes that form a particular type of mineral deposit also 

concentrate mercury in phases, that are specific to that mineral deposit type. Mercury is not evenly 

distributed throughout these minerals deposits, but is enriched in parts of the deposit and 

commonly concentrated in a particular mineral phase (Rytuba 2003). 

Metallic mercury also can be transformed to methyl mercury ion (CH3Hg+). Methylation of Hg tends 

to occur in environments with low oxygen levels, low pH, Hg bioavailability, temperature, 

redoxpotention and high levels of dissolved organic compound and in environments favored by 

sulfate-reducing bacteria, which are largely responsible for methylation (Gworek et al.,2020). 

Methyl-Hg is soluble and easily transported by groundwater and rivers, accumulates in plants and 

finds its way into the food chain, including fish (Morel el al., 1998; Government of Suriname, 2019; 

Ouboter et al., 2015). 
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2.3 Sources of mercury in the environment 
Mercury is vented into the atmosphere from volcanoes, faults, and other degassing processes from 

the earthôs interior, while mercury enclosed in rock is released by weathering 

(Jackson,1997).  

The estimation of mercury emissions from soil and plants, which occur mainly in the Hg0 from, is 

very difficult. Generally the largest amounts of mercury are emitted from tropical regions, 

followed by the temperate zone, and at last the polar regions (Gworek et al.,2020). 

 

 

Mercury may release in the environment in several ways. 

 

1. Mercury mineralized areas emit mercury to the atmosphere (Figure 4), and soils that are 

disturbed during mining process also causing additional release of mercury that is a small, natural 

component of the soil. (Roulet et al., 1998;Gustin et al.,2002). The mercury in the atmosphere may 

be deposited on the earthôs surface again by wet or dry depositing (Morel et al.,1998). 

2.Mine wastes and contaminated soils can be transported from the mineralized site and converted 

to methylmercury in downstream aquatic environments (Figure 4). 

3. Various ore-processing methods, such as roasting and smelting of ores, may release mercury 

species to the atmosphere (Rytuba, 2003). 

 

Figure 4. Mercury cycling and transport via atmosphere and water (Ouboter, 2015) 
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2.4 Mercury in common rocks and minerals 
Rudnick & Gao (2003) calculated the average mercury content of the whole upper continental 

crust at 50 ppb.  

Flanagan et al., (1982) published a list of Hg contents of standard reference materials used by the 

US Geological Survey (Table 1). Their data shows that the mercury contents of the major rocks and 

minerals found in the Marowijne Greenstone Belt can vary in value. 

Like: Granite in a range of  1.6-80.2 ppb 

          Basalt in a range of  3-33.7 ppb 

          Mica in a range of 10-16.5 ppb  

          Gabbro in a range of 34-114 ppb 

          Bauxite in a range of 53.1-596 ppb 

The most common individual mercury mineral cinnabar(HgS) contains 86% Hg. Mercury in bauxite 

is commonly bound in the form of cinnabar (Staun et al., 2018). 
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Table 1. Mercury contents of common rocks and minerals in the USGS standard reference collection, from 
Flanagan et al., 1982. Averages calculated by the author (Kroonenberg Progress report ,2021) 

 

 

 

  

Flanagan Summary Hg content reference samples USGS in ppb

Granite 80,2 Diabase 7,9 Rhyolite 21,6

Granite 12,3 Diabase 6,2 Rhyolite 13,0

Granite 34,0 Gabbro 66,1 Latite 6,8

Granite 1,6 Gabbro 114,0 Andesite 23,9

Granite 46,7 Gabbro 34,0 Andesite 8,5

Granite 11,3 Norite 20,4 Andesite 4,6

Granite 60,7 Anorthosite 17,5 Basalt 33,2

Granite 8,0 Average mafic plutonic 38,0 Basalt 7,2

Granodiorite 36,1 Basalt 7,3

Granodiorite 26,8 Dunite 15,1 Basalt 11,9

Syenite 15,3 Dunite 17,7 Basalt 3,0

Syenite 26,1 Dunite 11,6 Basalt 22,3

Syenite 1,7 Peridotite 29,9 Basalt 33,7

Syenite 6,9 Pyroxenite 9,5 Basalt 23,0

Lujavrite 23,9 Serpentine 24,7 Average volcanics 15,7

Diorite 19,6 Average ultramafic plutonic18,1

Tonalite 10,3 Carbonatite 55,2

Average felsic-interm plut 24,8 Carbonatite 5,0

Schist 22,7 Kyanite+K42E22:K44 61,2 Limestone, arg. 71,4

Shale 274,0 Feldspar Na 165,0 Limestone, arg. 15,7

Shale 52,3 Feldspar Na 14,8 Limestone, dolom. 28,2

Shale 95,6 Feldspar K 98,0 Manganese nodule 12,7

Shale 13,1 Feldspar K 15,0 Manganese nodule 23,0

Feldspar K 21,0 Mica 10,0

Clay, Flint 159,0 Feldspar K 25,6 Mica 16,5

Clay, Flint 388,0 Hornblende 3,1 Mica 13,2

Clay, plastic 463,0 Ocean sediment 17,9

Clay, plastic 39,3 Bauxite 97,1 Phosphate 57,5

Attapulgite 26,8 Bauxite 336,0

Hectorite 384,0 Bauxite 596,0

Kaolin 12,7 Bauxite 53,1

Kaolin 270,0 Bauxite 83,6 Soil 2014,0

Montmorillonite Ca 9,0 Laterite, bauxitic 205,0 Soil 114,0

Montmorillonite Ca 12,4 Hematite 162,0 Soil 19,5

Montmorillonite Na 23,8 Hematite 334,0 Soil 74,5

Montmorillonite mica 6,4 Hematite 247,0 Soil 11,0

Illite 84,1 Hematite 124,0 Soil 32,4

Illite-smectite 21,4 Hematite 16,8 Soil 39,9

Nontronite 150,0 Magnetite 4,1 Soil 24,4

Ripidolite 58,6 Magnetite 25,9

Smectite Fe 52,2 Average iron ox& weath175,7

Vermiculite 25,6

Average clay and clay mins121,5
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2.5 Mercury values in the Marowijne Greenstone Belt, Suriname 
 

There are many sources of mercury pollution in Suriname (Government of Suriname, 2019).  

The most important one is the use of mercury in the artisanal small-scale gold mining. 

Since the 1980ôs artisanal small-scale gold mining is on the increase in Suriname. Most mining 

occurs in the eastern part of the country. The mercury is used to bind fine gold particles in amalgam 

and retrieved by distillation while the gold remains as residue. But in the reality the amalgam is 

simply burned without retrieving the mercury. Mercury vapors are toxic and hazardous for human 

health.  

Pollution due to use of mercury in artisanal small-scale gold mining can be linked to the fact that 

there is often no separate collection or treatment of tailings before release into the environment  

(Ouboter, 2015; Government of Suriname, 2019). 

 

The Marowijne Greenstone Belt continues from the extreme south-eastern point of Suriname to the 

north-east and north- central part of Suriname. (dark green area in Figure 5). It is also the main gold-

bearing area. The erratic spatial distribution of gold mineralization means, that there is no 

straightforward relation to be expected between mercury content of the three main formations and 

gold mineralization. Where gold mineralization is present, there is indeed often also evidence of 

mercury, because both elements usually have been mobilized together by hydrothermal fluid in the 

mineralized veins and shear zones. But the mercury contents of the rock formations themselves do 

not necessarily give indication of the presence of gold mineralization (Kroonenberg, Progress 

report). 

 

Ouboter et al., (2003) reported elevated levels of mercury in many sites in western Suriname and 

high levels in bottom sediments in the Lucie River (Figure 5). 

A very extensive survey on mercury pollution was carried out between 2003 and 2005 (Ouboter et 

al., 2007; Ouboter, 2007). The research included 23 localities in gold mining areas, 3 localities 

upstream of gold mining activities and 8 localities downstream (values included in figure 5). 
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Figure 5. Average mercury (ppb) levels found in sediments in different river systems in Suriname (Ouboter,2015; 
Kroonenberg, 2021) 

 

2.6 Behavior of mercury during weathering  

  

Weathering processes affecting minerals. 

A) Physical: disintegration of rocks and minerals by a physical or mechanical processes such 

as heat, frost, gravity, abrasion, plant root growth, exfoliation. 

B) Chemical: dissolving of minerals in water, Oxidation due to interaction with the atmosphere, 

hydrolysis: reaction of minerals with water thus forming new minerals. 

C) Biological: often a combination of A and B like plant roots wedging in cracks and chemical 

reactions between root-juices and minerals. Also bacteria, algae, lichens and some sea shells. 
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Factors of importance that influence weathering 

1) Parent material 

2) Climate 

3) Oxidizing or reducing conditions 

4) Living organisms                           

5) Topography 

6) Time 

7) And a few more 

 

Mercury loadings in forest soils, river sediment and lateritic soil along the Sinnamary River in 

French Guiana did not show any significant variations around mining sites (Richard et al. 2000) 

whilst the type of soil found in the ECEREX reserve in French Guiana influenced mercury 

loadings, with oxisols having higher values (Grimaldi et al. 2008). 

Because of the strong tendency of Hg to form complexes with organic matter in soil, it often 

concentrates in the upper soil horizons, especially in forest soils and peaty soils. Also soil clay 

content has an important role in soil-Hg binding(OôConnor et al.,2019). 

Researchers have found that forest soils in the Guianas have total mercury loadings in the range of 

30 to 800 ng/g (Richard et al. 2000; Grimaldi et al. 2008). 

Roulet and Lucotte (1995) demonstrated the importance of iron oxy-hydroxides on the geochemistry 

of Hg adsorbed and accumulated in the soil column. On the basis of results (Table.2) from soils of 

the lower Tapajós River Valley in Brazil (Roulet et al.,1998) concluded that the concentrations and 

burdens of Hg seem to be entirely controlled by the mineralogy of the oxy-hydroxides which, in 

turn, are dependent upon pedology. The soils that contains more oxy-hydroxides have more Hg 

and/or are more clayey, also soil processes have a direct impact on the distribution of Hg and that 

the impact is different according to the lithogenic or atmospheric origin of this element.  

  

Table 2. Mercury contents of natural forested soil types (Roulet et al., 1998) 

These factors combined 

will determine the                               

soil formation and the soil 

properties such as layering. 
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3. Methods and Techniques  
In this chapter all tools, methods and techniques which were applied in the field and laboratorium 

are described. The fieldwork was carried out from 26 ï 30th August 2021 at the Patamacca area 

along the road to Langa Tabiki in district Sipaliwini. Weathering profiles/ outcrops of major rock in 

this area were sampled from road cuts. 

3.1Sampling 
 

The focus of the sampling is on the regolith (soft weathered, soil and colluvial deposits; ñrippable 

overburdenò), not the hard rock. 

Definition of regolith: The layer of disintrigated and/or decomposed rock fragments, including 

soil, lying above the solid rock of the earthôs crust (Figure 6). 

The regolith can be subdivided into saprock (not completely weathered rock), saprolite 

(completely weathered basement rock, still preserving the original rock structure) and soil 

(without any visible rock structure). The soil consists of material which can be derived from in situ 

weathering of the underlying rocks or from transported fragments or weathering products 

originating from elsewhere and brought to place through mechanical erosion processes or volcanic 

outbursts. On top of the profile lateritic or bauxite duricrust may have been developed, and the 

profile may be topped by colluvial deposits with lateritic or quartz gravel if the profile is situated 

on a slope. The top soil usually contains some organic matter (Kroonenberg, 2021). 

 

Figure 6. Simplified weathering profile, modified after Lecomte, 2014(Kroonenberg, 2021) 
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3.2Sampling and processing steps 
 

Steps done before and after sampling a profile. 

¶ The profile was cleaned to prevent contamination during the sampling process. 

¶ The chosen profile was described, horizons were identified in the profile then the identified 

horizons were sampled. 

¶ The samples were air dried, because mercury vapors could evaporate in the oven       

(Figure 7). 

¶ The dried samples were crushed as finely as possible using mortar (the hard one were left 

for Filab), then the sample was homogenized and handed to Filab for analyzes (Figure 8). 

 

 

 

 

Figure 7. Samples being air dried 

 



14 
 

 

Figure 8. Samples crushed using mortar 

3.3 Analytical methods 
 

Laboratory values are strongly dependent upon the analytical method used to establish mercury 

concentrations, as each method has different detection limits. 

Determination of mercury in complex samples presents specific challenges for laboratory analysis. 

This especially applies to soil, crude oil, waste water, ores, foodstuffs and biological samples. These 

samples represent complex mixtures of various organic and inorganic compounds. 

The conventional methods for measuring total mercury include absorption spectrometry, neutron 

activation analysis, and cold vapor atomic absorption spectrometry. 

FILAB in Suriname uses oxidative digestion + AAS cold vapor (FIMS 100) with a detection limit 

of 1 ppb. 

In cold vapor atomic absorption spectrometry, mercury is converted into elemental mercury vapor, 

which is introduced into an absorption cell and the absorption measured at 253.7 nm for 

determination of the quantity. It involves wet digestion with mixture of strong acids followed by the 

addition of a reducing agent to generate elemental mercury vapor (Hg0).  In the later, elemental 

mercury vapor (Hg0) is generated through direct combustion of the sample to be analyzed. (Ministry 

of the environment, Japan, 2004) 
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3.4 The Afobaka Road Test 
 

On March 11, 2021 we did a test profile in a pilot area along the Afobaka road to develop the 

sampling methodology and collect samples at the same time for a first assessment of the variability 

of mercury contents in weathered rock material. 

 

3.4.1 Sampling 
Two profiles were selected for sampling namely: AFO-1, and AFO-2(Figure 9). 

All samples were , following the steps mentioned earlier in this chapter and then sent to Filab for 

analyses on mercury with cold vapor AAS. Twelve samples have also been analyzed at Filab for 

40-elements using ICP-AES with aqua regia digestion. The 40 elements analysed by FILAB are 

(detection limits in parenthesis) Ag(2), Al(0.010%), As(5), B(10), Ba(10), Be(1), Bi(5), 

Ca(0.010%), Cd(1), Co(2), Cr(2), Cu(2), Fe(0.010%) , K(0.010%), Ge(1), La(2), Li(2), 

Mg(0.010%), Mn(5), Mo(5), Na(0.010%), Ni(5), Nb(10), P(0.010%), Pb(5), S(0.010%), Sb(5), 

Sc(5), Se(5), Sn(5), Sr(2), Ta(5), Te(5), Ti(100), Tl(5), V(10), W(5), Y 5), Zn(5), Zr(10). 

 

Figure 9. Sampling of the profiles AFO-1(left) and AFO-2(right) (Kroonenberg, 2021). 
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3.4.2 Results: Mercury data Afobaka Road Test 
 

 

 

 

AFO-1 shows a general decrease of Hg content with depth, the lowest value 

being encountered in the yellow mottled horizon at 6 m depth. 

 

 

 

AFO-2 Shows a spike in the indurated horizon between 10-30 cm, apart from 

that it also shows decreasing Hg contents with depth (Figure 10). 

 

 

 

 

Figure 10. Diagram of profile AFO-1 and AFO-2 

 

3.4.3 Multi-element data 
The twelve samples that were analyzed for the 40-elements using ICP-AES (Table 4), nineteen 

elements will not be discussed as Ag, As, B, Ba, Ca, Ge, K, La, Li, Mo, Na, Sb, Se, Sn, Ta,Te, Tl, 

W, Y show generally values below detection limits. 
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SAMPLE REF. Hg ug/kg

Quant. Lim. 1.0

AFO-1 boorsample boven62.50

AFO-1 0-10cm 51.00

AFO-1 10-40cm 55.10

AFO-1 1-1.10m 49.50

AFO-1 2.30-2.40m 15.90

AFO-1 3.50-3.60m 9.30

AFO-1 6m 1.00

AFO-2 0-10cm 43.60

AFO-2 10-30cm 162.60

AFO-2 1.20m 40.80

AFO-2 2.10m 18.30

AFO-2 3m 19.60

Table 3. Hg contents of the 
two profiles AFO-1 and 
AFO-2(CVAAS, Filab) 
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Table 4. Concentrations of 29 elements with one or more values above detection limits (Filab,ICP-AES). 

 

We can also express the correlation between Hg and other elements in binary diagrams.  

Looking at (figure.9) we see that Hg shows a good correlation with Fe in AFO-1 (R2=0.81), but 

much poorer in AFO-2 (R2=0.28), this entirely due to the large spike (Figure 11) in the indurated 

horizon, without the spike(outlier) the (R2=0.65) for the combined profiles. Correlation with other 

elements such as Cr and V (Figure 11) are also rather good as long as the outlier is not taken into 

account. This means that induration of a horizon is an additional process leading to concentration 

of Hg. (Kroonenberg Progress report)

 

Figure 11. Correlation of Hg with Fe, Cr and V of the profiles AFO-1 and AFO-2 (Kroonenberg,2021). 

  

SAMPLE REF.Quant. Lim.AFO-1 boorsample bovenAFO-1 0-10 cmAFO-1 10-40 cmAFO-1 1-1.10mAFO-1 2.30-2.40mAFO-1 3.50-3.60mAFO-1 6m AFO-2 0-10cmAFO-2 10-30cmAFO-2 1.20m AFO-2 2.10m AFO-2 3m

diepte -0.10 -0.40 -1.10 -2.40 -3.60 -6.00 -0.10 -0.30 -1.20 -2.10 -3.00

Hg ug/kg 1.0 63 51 55 50 16 9 1 44 163 41 18 20

Al % 0.010 2.766 2.755 2.708 3.316 1.967 1.382 0.969 3.539 3.261 2.942 1.507 1.387

Ba ppm 10 10 16 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 28 108

Be ppm 2 7 6 3 3 3 3 2 3 5 4 2 2

Bi ppm 5 40 52 59 48 46 47 43 53 59 69 99 99

Ca % 0.010 0.01 <0.01 < 0.01 < 0.01 0.061 < 0.01 0.014 < 0.01 0.51 < 0.01 < 0.01 < 0.01

Cd ppm 1 8 10 8 5 4 3 3 4 7 8 2 5

Co ppm 2 5 6 4 3 3 < 2 3 3 4 5 < 2 7

Cr ppm 2 467 385 307 205 187 147 84 357 384 170 109 79

Cu ppm 2 39 166 85 45 52 52 128 23 34 62 68 102

Fe % 0.010 20.23 23.34 18.878 13.406 10.107 8.051 7.151 10.626 17.099 18.711 6.81 12.823

K % 0.010 0.019 0.03 0.019 < 0.01 < 0.01 < 0.01 < 0.01 0.015 0.016 0.015 0.049 0.197

Mg % 0.010 0.017 0.016 0.017 0.011 0.04 0.01 0.012 0.019 0.021 0.013 0.011 0.022

Mn ppm 2 36 24 32 30 49 10 30 41 35 11 9 9

Mo ppm 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 6 297

Nb ppm 5 26.166 40.229 25.161 15.69 8.871 5.672 5 13.776 20.305 30.49 5.354 12.731

Ni ppm 2 13 42 13 18 16 12 41 16 19 14 8 25

P % 0.010 0.111 0.125 0.091 0.064 0.061 0.047 0.07 0.056 0.094 0.061 0.018 0.047

Pb ppm 2 34 49 35 17 15 10 12 13 31 30 9 17

S % 0.010 0.039 0.042 0.035 0.06 0.045 0.04 0.06 0.025 0.039 0.053 0.023 0.021

Sb ppm 5 < 5 5.144 < 5 < 5 < 5 < 5 < 5 6.022 < 5 < 5 < 5 < 5

Sc ppm 5 36 38 30 42 31 21 26 23 34 48 14 19

Sr ppm 2 26 32 26 17 15 9 8 13 24 23 8 15

Ta ppm 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 6 < 5 < 5 < 5 < 5

Ti ppm 2 586 567 502 534 520 404 539 461 446 420 85 78

V ppm 5 611 574 347 351 285 266 200 259 467 351 185 110

Y ppm 2 < 2 3 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2

Zn ppm 2 53 146 79 42 28 17 35 33 52 97 16 108

Zr ppm 5 39 39 34 37 32 25 22 28 34 23 9 14
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4.Results 
In this chapter we will discuss the results of the samples analyzed with Cold vapor AAS for 

mercury by Filab Suriname. 

4.1 Map 
To have a better overview of the locations of the sample points, it is better to plot them on a map. 

As we indicated earlier, 3 samples were taken from 12 profiles each. We started sampling from 

Albina in a mine, then the bauxite trajectories, then road to Langatabiki, road to Pakira Kreek, and 

road to Java (Figure 12). 

 

Figure 12. Locations plotted of the sampled NAS-profiles 

 

4.2 Description of the profiles sampled and analyzed on mercury with cold 

vapor AAS. 
On the following pages (19-30) are the description of the twelve profiles sampled at the locations: 

                 Granite mine Papatam            ( NAS 1)  

                 Road Ricanau- Patamacca     (NAS 2) 

                 Road to Java                          (NAS3) 

                 Road to Langatabiki              (NAS 4-8) (NAS 11-12) 

                 Road to Pakira kreek             (NAS 9-10) 
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Figure 14. Photo Profile NAS-01 

Figure 13. Diagram Profile NAS-01 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

  

 

 

Profile name: NAS-01 

Location: 823543/607031, Granite Mine Pit at Papatam. 

  

Equigranular, fine-to medium grained texture. 

Minerals observed in the field: quartz, muscovite, biotite 

Munsell Colour:   

NAS-1-1: 2.5 YR 7/8 

                              NAS-1-2: 2.5 YR 3/6 

NAS-1-3: 2.2 YR 7/6 

Remarks:  Parent material observed,  Granite. 

  

  Cm Hg ppb 

NAS1-1 10 47,83 

NAS-1-2 90 30,02 

NAS-1-3 110 18,66 
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 Figure 15. Diagram Profile NAS-02   

Figure 16. Photo Profile NAS-02 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

Profile name: NAS-02  

Location: 794863/606517,  Behind the bauxite mines of Moengoe away from area 4- Road 

Ricanau- Patamacca 

 

                                                            

Equigranular, fine-to medium grained texture. 

Minerals observed in the field: quartz, muscovite. 

Munsell Colour: 

NAS-2-1: 10 R 5/8 

NAS-2-2: 10 R 7/4 

NAS-2-3: 10 R 7/4 

Remarks: Large crystals of Mica found 

Geological unit: Patamacca (muscovite typical for this unit) 

 
Cm Hg ppb 

NAS-2-1 20 1.48 

NAS-2-2 50 0.98 

NAS-2-3 130 0.58 
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Figure 18. Photo Profile NAS-03 

Figure 17. Diagram Profile NAS-03 

 

 

 

 

 

  

 

  

 

 

 

 

 

 

 

Profile name: NAS-03 

Location: 780321/594603,  Road to Java 

 

Equigranular, fine grained texture. 

Munsell Colour:   

NAS-3-1: 2.5 YR 3/6                                

NAS-3-2: 2.5 YR 5/8 

NAS-3-3: 2.5 YR 4/8 

Remarks: Parent material not observed.  

Geological unit:Taffra  

  

 
Cm Hg ppb 

NAS-3-1 20 174.38 

NAS-3-2 50 179.98 

NAS-3-3 150 25.00 
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Figure 20. Photo Profile NAS-04 

Figure 19. Diagram Profile NAS-04 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

Profile name: NAS-04 

Location: 783274/589135, along the road of Langatabiki 

Equigranular, fine grained texture. 

Munsell Colour:  

NAS-4-1: 2.5 YR 7/8                                                           

NAS-4-2: 2.5 YR 7/6                                                                            

NAS-4-3: 5 YR 

Remarks: Parent material not observed.  

Geological unit Patamacca 

  

 
Cm Hg ppb 

NAS-4-1 15 19.88 

NAS-4-2 40 0.67 

NAS-4-3 190 0.94 
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Figure 22. Photo Profile NAS-05 

Figure 21. Diagram Profile NAS-05  

 

 

 

 

 

 

  

 

 

 

 

 

 

  

 

Profile name: NAS-05 

Location: 778260/579200, along the road of Langatabiki 

Equigranular, fine grained texture. 

Minerals observed in the field: quartz, muscovite. 

Munsell Colour:  

NAS-5-1: 5 YR 7/6                                 

NAS-5-2: 5 YR 7/6 

NAS-5-3: 5YR 6/6 

Remarks: Parent material not observed. 

Geological unit: Patamacca 

  

  Cm Hg ppb 

NAS-5-1 20 0.77 

NAS-5-2 60 1.25 

NAS-5-3 110 0.46 
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Figure 23. Diagram Profile NAS-06   

 

 

 

 

 

 

 

Figure 24. Photo Profile NAS-06 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

                                                                         Profile name: NAS-06 

                                                            Location:778280/571636, along the road of Langatabiki  

                                                                        Equigranular, fine grained texture. 

                                                            Munsell Colour:     

                                                                             NAS-6-1: 5 YR 7/8 

                                                                             NAS-6-2: 5 YR 6/3 

                                                                             NAS-6-3: 5 YR 6/4 

                                                             Remarks: Characteristics of metamorphosed Rock,appart    

                                                                              from top horizon            (slope material)              

 

 

Geological Unit: Armina (saprolite observed) 

                     

  

  Cm Hg ppb 

NAS-6-1 20 13.20 

NAS-6-2 90 0.29 

NAS-6-3 120 0.66 
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Figure 25. Diagram Profile NAS-07 

Figure 26.Photo profile NAS-7 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                                                          Profile name: NAS-07 

                                                                                         Location: 780404/566137, along the road of                                                           

Langatabiki  

                                                                                                                                                                                                                                

                                                                                                        

 

                           

                                                                             Equigranular, fine grained texture. 

                                                                                      Munsell Colour:     NAS-7-1: 2.5 YR 6/8 

                                                                                                                     NAS-7-2: 2.5 YR 5/8 

                                                                                                                     NAS-7-3: 2.5 YR 5/8 

                                                                                       Remarks: Characteristics of metamorphosed                   

                                                 Rock(Schistosity)   Topsoil possibly not sampled 

Geological unit: Armina                       

                                                 

 

 

   

 

 
Cm Hg ppb 

NAS-7-1 30 2.30 

NAS-7-2 80 0.60 

NAS-7-3 110 1.04 
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Figure 28 Photo profile Nas-08  . 

Figure 27 Diagram Profile NAS-08. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Profile name: NAS-08 

Location: 782413/554890, along the road of Langatabiki. 

 

Equigranular, fine-to medium grained texture. 

Minerals observed in the field: muscovite, biotite. 

Munsell Colour:   

NAS-8-1: 5 YR 5/8 

NAS-8-2: 5 YR 7/8 

NAS-8-3: 5 YR 8/4 

Remarks: Parent material not observed. 

Geological unit: Armina 

  Cm Hg ppb 

NAS-8-1 40 65.32 

NAS-8-2 80 64.67 

NAS-8-3 110 37.09 
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Figure 30. Photo profile Nas-09   

Figure 29.Diagram Profile NAS-08 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

  

 Profile name: NAS-09 

 Location: 785323/593598, road to Pakira Creek 

Equigranular, medium grained texture. 

Minerals observed in the field: ,quartz,muscovite, biotite. 

Munsell Colour:    

NAS-9-1: 7.5 YR 7/8                                

NAS-9-2: 7.5 YR 8/6 

NAS-9-3: 7.5 YR 7/8 

Remarks: Parent material observed, Muscovite Granite. 

Geological unit: Patamacca 

  

  Cm Hg ppb 

NAS-9-1 20 55.73 

NAS-9-2 60 178.49 

NAS-9-3 130 0.96 
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Figure 32. Photo profile Nas-10   

Figure 31 Diagram Profile NAS-10  . 

 

 

 

 

 

 

 

 

 

 

 

 

Diagram Profile NAS 

 

 

 

Profile name: NAS-10 

Location: 787161/593070, road to Java 

 

Equigranular, fine to medium grained texture. 

Minerals observed in the field: unable to determine 

Munsell Colour:   NAS-10-1: 10 YR 7/6 

                               NAS-10-2: 10 YR 7/6 

                               NAS-10-3: 10 YR 7/6 

Remarks: Parent material Granite. 

Geological unit: Patamacca 

  

  To Hg ppb 

NAS-10-1 20 1.09 

NAS-10-2 70 0.34 

NAS-10-3 100 0.75 
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Figure 33. Diagram Profile NAS-11   

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

Profile name: NAS-11 

Location: 785533/606489, along the road to Langatabiki 

        

                                                                                                                                                                                                                          

Inequigranular, medium to coarse grained texture. 

Minerals observed in the field: quartz, biotite 

Munsel Colour:   NAS-11-1: 10 YR 5/8 

                            NAS-11-2: 10 YR 7/6 

                            NAS-11-3: 7.5 YR 5/6 

Remarks: Parent material not observed, only soil. 

Geological unit: Taffra 

  

  Cm Hg ppb 

NAS-11-1 30 103.39 

NAS-11-2 90 73.10 

NAS-11-3 170 194.68 

   

Figure 34. Photo profile Nas-011   
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Figure 36. Photo profile Nas-012  

Figure 35. Diagram Profile NAS-12   

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

Profile name: NAS-12 

Location: 785131/608011, along the road to Langatabiki 

 

Inequigranular, medium to coarse grained texture. 

Minerals observed in the field: quartz, biotite, 

muscovite 

Munsel Colour:   

NAS-12-1: 2.5 YR 1/6 

NAS-12-2: 2.5 YR 7/8 

NAS-12-3: 2.5 YR 7/8 

Remarks: Parent material not observed. 

Clear quartz crystals, large crystals of mica found. 

Geological Unit :Patamacca 

 

  

  Cm Hg ppb 

NAS-12-1 40 0.82 

NAS-12-2 70 49.63 

NAS-12-3 190 0.83 
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4.3. Results: Mercury data of NAS series 
After all the samples were processed, they were sent to Filab for mercury analysis. Table 5 shows 

all the results of the twelve analyzed profiles. 

Table 5. Hg contents of the twelve NAS-profiles(CVAAS, Filab Suriname) 

SAMPLE ID  SAMPLE REF. Hg µg/kg Depth Rock Type 

  Quant. Lim. 0.100 Cm   

211009-001 NAS-1-1 47.83 10   

211009-002 NAS-1-2 30.02 90 Granite 

211009-003 NAS-1-3 18.66 110   

211009-004 NAS-2-1 1.48 50   

211009-005 NAS-2-2 0.98 130 Soil 

211009-006 NAS-2-3 0.58 150   

211009-007 NAS-3-1 174.38 20   

211009-008 NAS-3-2 179.98 50 Soil 

211009-009 NAS-3-3 25.00 150   

211009-010 NAS-4-1 19.88 15   

211009-011 NAS-4-2 0.67 40 Soil 

211009-012 NAS-4-3 0.94 190   

211009-013 NAS-5-1 0.77 20   

211009-014 NAS-5-2 1.25 60 Soil 

211009-015 NAS-5-3 0.46 110   

211009-016 NAS-6-1 13.20 20   

211009-017 NAS-6-2 0.29 90 Soil 

211009-018 NAS-6-3 0.66 120   

211009-019 NAS-7-1 2.30 30   

211009-020 NAS-7-2 0.60 80 Soil 

211009-021 NAS-7-3 1.04 110   

211009-022 NAS-8-1 65.32 40   

211009-023 NAS-8-2 64.67 80 Soil 

211009-024 NAS-8-3 37.09 110   

211009-025 NAS-9-1 55.73 20   

211009-026 NAS-9-2 178.49 60 Granite 

211009-027 NAS-9-3 0.96 130   

211009-028 NAS-10-1 1.09 20   

211009-029 NAS-10-2 0.34 70 Granite 

211009-030 NAS-10-3 0.75 100   

211009-031 NAS-11-1 103.39 30   

211009-032 NAS-11-2 73.10 90 Soil 

211009-033 NAS-11-3 194.7 170   

211009-034 NAS-12-1 0.8 40   

211009-035 NAS-12-2 49.6 70 Soil 

211009-036 NAS-12-3 0.8 190   
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Figure 37. Hg values(ppb) of all the twelve top-samples 

Figure 38.. Hg values(ppb) of all the twelve middle-samples 

To make a better interpretation, all top-samples, middle-samples and bottom-samples are each 

plotted in a chart. Figure 37, shows the values of all top-samples. Figure 38, shows the values of 

all middle-samples. Figure 39, shows the values of all bottom-samples. 

   










