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Abstract

Mercury is recognized as a toxigersistent, 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 dondét know i s chdsat n
the mineral cinnabar or as a secondary enrichment in a mineral ohrdtitlk. 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 formindlviake placeWhat will happen with the mercury
contents in such a soil/weathegiprofile?

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 tMarowijne Greestone Beltwere sampled during fieldwork and
analyzed on mercury in the laboratdiye results obtained from the analyzes roughly correspond to
the natural valuesf such a rockfurtherin this researclve will see how the mercutiat is released
movesfeacts during the soil forming processes
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1.Introduction

The Nationaal Instituut voor Milieen Ontwikkeling in Surinam@IMOS), has assigned the Anton

de Kom University of Suriname to provide services for the assessment of mevalsywithin gold
bearing geological formations in Suriname.e®im 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 aea

The Marowijne Greenstorielt

The oldest rocks in Suriname together faha Marowijne Greenstonee (Figurel).That is

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

Roughly speaking, it is the arednere the gold mines are located.

It consiss mainly of metamorphosed volcanic and sedimentary rocks, and further more of
large intrusios of igneous rocks.

They are haed in three formations and three units of igneous (¥¢kag et al2017)

1 Rosebel Formation
Patamacca Granite
Armina Formation
Kabel Tonalite
Bemau Ultramafitite
Paramaka Formation

= =4 -4 A

GEOLOGICAL MAP OF SURINAME

Figurel. Geological map oSurinamewith study area marked on
(Geologisch Mijnbouwkundige Dienst., 1979



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 exploraticinese ore¢Roseet.al, 1979)

Since mercury naturally occurs in earth materials. The magstopn 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 pls#déiiZhe mercury levels differ in each
formation?

Themethods sedto answer the question are:

1 Todetermine théevelsof mercury within these formations.
1 To carry out fieldwork to sample these formations as well as lab analysis.

1.3 Objectives
The objectives of thisesearclare as followed:

1 What will happen to the arcury contents of the different rock formatianger time as
its weather?

1 How will the natural mercury released from a rock during soil formation conceimtrate
a solil profile?

1.4 Thesis outline

The thesisonsistof five chapters. The first chapter covérs introduction, research objectives

and the problem statement/ research questions. The second chapter includes the backgroun:
information of the study area where the geology will be discussed. The third chapter covers the
methods and techniques startingm literature study, field work, analyzimgethods, followed

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



2.Background information
2.1 Geology of MarowijneGreenstoneBelt, Suriname

The Marowijne @Geenstone Blt of Surinameg(Figure 2) forms art of a 1,500 Km long granite
greenstone terrane extending along the northern portion of th@azheld from northeastern
Venezuel a t o Be laferndd dwsing henBrgdmazsrtiaa Orogeny by the north
south convergence and eventually collision of the 2ongan ad West Africa cratons
(Kroonenberg et al., 2016)

Holocene Proterozoic

[1Young Coastal Plain I Muri Alkaline Complex Bl Bakhuis Granulite Belt: Stondansi Gneiss

Pleistocene [ Avanavero and Kayser Dolerite [ Bakhuis Granulite Belt: Bakhuis Granulite

[ old Coastal Plain Il Tafelberg Formation [ Gran Rio Granite

Tertiary Il Kabalebo Charnockite [ Pikien Rio Pyroxene Granite

[_1zanderij Formation I Lucie Gabbro and Bemau Ultramafitite [ sara’s Lust Gneiss

Jurassic ] Coppename Muscovite Granite [""] Greenstone belt, Rosebel Formation

_— Apatoe Dolerite I wonotobo Granite and Sipaliwini Leucogranite B Greenstone belt, Patamacca Granite
[ Dalbana Formation [ Greenstone belt, Armina Formation and Taffra Schist
[ Coeroeni Gneiss Belt: Dome Hill Gneiss Greenstone belt, TTG, Kabel Tonalite
[ Coeroeni Gneiss Belt: Amotopo Gneiss [_]Greenstone Belt, Paramaka Formation

I Coeroeni Gneiss Belt: Werekitto Gneiss

Figure2. Geological mamf Suriname(Kroonenberg et al.,2016)



The MarowijneGreenstoneBelt cantains three main metavolcanitetasedimentary formations
with the following stratigraphic sequence from base tqfagure 3)

a) The Paramaka Formation

This formationcontains 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 Kroonenbergt al(2016), metabasalts with pillow sttures have been found in the
Gross Rosebel region, and these metabasalts are mostrépetsenthe base of the Paramaka
Formation, although the lower contact has not been observed. Andesite, dgmtite, and
associated tuffs occurigher in the sequence, with a cal&aline signature, while intercalated
phyllites and carbonaceous and ferruginous cherts increase towards the top of the sequence. Basal
are metamorphosed into massive actinagpelotechloritesodic plagioclase assdlages 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 (Betsala 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 <@adieerich
assemblages to biotite and gakrich assemblages. Turbidites from the Armina Formation in the
Gross Rosebel region have conglomeratic intercalations primarily composed abuveled,
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. Conglometaigrs are also present higher in the sequence. The most
distinctive components are crossbedded grayish gtialtarkose and arenite with magnetite grains

on the base of the foreset beds. The Rosebel sandstones have sedimentary structures that sugge
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 deeptlering occurred between

the deposition of the Armina turbidites and the Rosebel fluvial sands (Kroonenberg et. al., 2016)



Formation Rock type Age (1 Ga=19)

Gran Rio Granite Biotite granite 2.09 Ga

Pikien Rio Pyroxene

Granite Pyroxeneggranite 2.10 Ga

Rosebel Formation Qz sandstones, conglomerates 2.12 Ga
Two-mica granite 2.12 Ga

Taffra Schist Staurolite schists

Armina Formation Metagreywackes, phyllites <2.16 Ga

Migmatitic gneisses 2.152.08 Ga
TTG-Tonalite, trondhjemite, granodiorite 2.182.12 Ga
Paramaka Formation Phyllite, metachert, gondite

Metagzandesite etc 2.14-2.15 Ga
(Meta)gabbro, MetaUltramafite 2.14 Ga
Paramaka Formation Metabasalt

Amphibolite

Figure3. A concise stratigraphy of the Marowijne Greenstone Belt (Kroonenberg et al., 2016)

2.2 General information on mercury

Mercury is recognized astaxic, 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
compoundgGworek et al.2020. Mercury is a globally distributed pollutant due to charactesist
such as low melting and boiling points, conversions between chemical form and participation in
biological cycles.

Mercury can occur in geological materials as element8| &tgthe main mineral cinnabar HgsS.

Three types of mercury deposits aatur in mecury mineral belts:

Almadentype, Silca-Carbonate type and Hgpring 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 a
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 phEsguba2003).

Metallic mercury also can be transformtednethyl mercury ion (CkHg"). Methylation of Hg tends

to occur in environments with low oxygen levels, low pH, Hg bioavailabiligmperature,
redoxpotention and high levels of dissolved organic compamudin @vironments favored by
sulfatereducing bacteria, which are largelesponsible for methylationGvorek et al.,2020).
Methyl-Hg is soluble and easily transported by groundwater and rivers, accumulates in plants and
findsits way into the food chain, including fish (Morel el,d1998; Government of Suriname, 2019;
Ouboter et al., 2015).



2.3 Sources of mercury in the environmen

Mercury is vented into the atmosphere from volcanfaests, and other degassing processes from
the earthés interior, whil eeathermgury encl osed
(Jackson,1997).

The estimation of mercury emissions from soil and plantsgiwbecur mainly in the Hgrom, is

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

followed by the tempetezone, and at ki the polar regionggworek et al.,2020).

Mercury may release in tle@vironment in several ways.

1. Mercury mineralized areas emit meng to the atmosphe&igure 4) and soils that are

disturbed during miningrocess also causing additional release of mercury that is a small, natural
component of theoil. (Roulet et al., 199&ustin et al.,2002)The nercury in the atmosphere may
be deposited o @agaihlwyeveterany depodits{ylmelat dl. 4998).

2.Mine wastes and contaminated soils can be transported from the mineralized site anddcconvert
to methylmercury in downstream aquatic environmérigure 4)

3. Various oreprocessing methods, such as roasting and smelting of ores, may release mercury
species to the atmosphéRytuba, 2003).

Regional and global atmospheric transport
Emissions - Transformation - Wet & dry deposition

Tes " Hgo " Hb +

Hg?*

Figure4. Mercurycycling and transport via atmosphere and water (Ouboter, 2015)



2.4 Mercury in common rocks and minerals

Rudnick & Gao (2003) calculated the average mercury comwtfetite whole upper continental
crust at 50 ppb.

Flanagan et al., (198ublished a list of Hg contents of standard reference materials used by the
US Geological Survey (Table Ijheir data shows that the mercury contents of the major rocks and
minerals found in the Marowijne Greenstone Belt can vary in value.

Like: Granite n a range 0f1.6-80.2 ppb
Basalt in a range of-33.7 ppb
Mica in a range of 1:06.5 ppb
Gabbroin a range of 34.14 ppb
Bauxite in a range of 53396 ppb

The most common individual mercury mineral cinnabar(HgfBains 86% Hg. Mercury in bauxite
iscommonly bound in the form of cinnabar (Staun et al., 2018).



Tablel. 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 79 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 plutc 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 18,1
Tonalite 10,3 Carbonatite 55,2
Average felsic-interm 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 31 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
Ilite 84,1 Hematite 124,0 Soil 32,4
Illite-smectite 214 Hematite 16,8 Soil 39,9
Nontronite 150,0 Magnetite 41 Soil 24,4
Ripidolite 58,6 Magnetite 25,9
Smectite Fe 52,2 Average iron ox& w 175,7
Vermiculite 25,6

Average clay and cla 121,5



2.5Mercury values in the Marowijne Greenstone Belt, Suriname

There are many sources of mercury pollution in Suriname (Government of Surip@i®s,

The most important one is the use miercury in the artisanal smatak gold mining.

Si nce t largsandlgn@lBdalegold 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 resiBué.in the reality the amalgars i

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

Pollution due to use of maurry in artisanal smabcale gold mining can be linked to the fact that
there is often no separate collection or treatnodritilings before release into the environment
(Ouboter, 2015; Government of Suriname, 2019).

The Marowijne Greenstone Belt conies from the extreme sou#asterrpoint of Suriname to the
north-east and nortttentral part oBuriname(darkgreen aga inFigure5). It is also the main goid
bearing areaThe 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. Ware 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 fornfeiosslves do

not necessarily give indication of the presence of goideralization (Kroonenberg, Progress
report)

Ouboter et al.(2003 reported elevated levels of mercury in many sites in western Suriname and
high levels in  bottom sediemts in the Lucie River Figure 5.

A very extensive survey on mercury pollution was carried out between 2003 and 2005 (Ouboter et
al., 2007; Ouboter2007). Theresearchncluded 23 localities in gold mining areas, 3 localities
upstream of gold mining activities aBdocalities downstreamv@aluesincluded in figureb).



Figureb. 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: dissoling 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 betweemot-juices and minerals. Also bacterddgae lichensand some sea shells.
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Factors of importance that influence weathering

—_

1) Pa_lrent material These factors combined
2) Climate _ N will determine the

3) Oxidizing or reducing conditions soil formation and the soil
4) Living organisms >‘ properties such dayering.
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 dinot show any significant variations around mining sites (Richard et al. 2000)
whilst the type of soil found in thECEREXreserve in French Guiana influenced mercury

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

Because of the strgrtendency 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 importantroleinsbigbi ndi ng( O6 Connor 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 ek 2000; Grimaldi et al. 2008).

Roulet and Lucotte (1995) demonstrated the importance of irchyokypxides on the geochemistry

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

the lower Tapajos River Valley in Brazil (Rouletat.,1998) concluded that the concentrations and
burdens of Hg seem to be entirely controlled by the mineralogy of théyakpxides which, in
turn, are dependent upgedology. Thesoils that contains more otydroxides havenore Hg
and/or are more gjay, alsosoil processes have a direct impact on the distribution of Hg and that
the impact is different according to the lithogenic or aphesic origin of this element.

Table2. Mercury contentsof natural forested soil typegRoulet et &, 1998)

iExcluded atypics as defined by the authors.
BE.

. . . ‘ . 2 3
Soil types Regions Hg concentration (ng/g dry wt.) Hg cumulative burdens (mg/m") References g
0 A E Bh B c 0 0-20 0-60 i‘

Amazonian equatorial soils :‘:
Yellow oxisol French Guiana 180-219  240-320 09-11  63-69 - Roulet and Lucotte (1995) !
Yellow oxisol Tapajos Bassin, 93-180 106-194 102-209 0.2-4.5 19-34  84-181  This study o
Pard, Brazil 2

Ultisol Tocantins Basin, 71 94 130 1.7 24 76 Aula et al. (1994) E
Pard, Brazil iy

Ultisol Tapajos Bassin, 84-111  44-103 99-112 0.1-2.5 10-26  42-97  This study &
Para, Brazil g

Leached oxisol Negro basin, 106 88-118 50-170 Zeidemann and Forsberg (1996) ES
Amazonas, Brazil S

Sandy oxisol Negro basin, 109 46-92 9-116 Zeidemann and Forsberg (1996) E
Amazonas, Brazil g

Spodosol Tapajos Bassin, - - 14 23 - 4 17 This study [:r%
Pard, Brazil ;

©

Hydromorphic oxisol French Guiana 60 67 L5 13 - Roulet and Lucotte (1995) @
T

B
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3. Methods and Techniques

In this chapter all tools, methods aeghniques which were applied in the field andlaborium
are described. The fieldwork was carried out fromi 28" Augug 2021 at the Patamacca area
along theroad to Langa Tabiki in district SipaliwiniVeathering profiles/ outcrops of major rock in
this area were sampled from road cuts.

3.1Sampling

The focus of the sampling isontheregofgho f t weat hered, soil and c¢
oV er b ) notteernard rock.

Definition of regolith: The layer of disintrigated and@@composed rock fragments, including
soil, lying above the sol.id rock of the eart
The regolith carbe subdivided intgaprock (not completely weathered rodgprolite

(completely weathered basement rock, still preserving thenatigck structure) and soll

(without any visible rock structureyhe 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 brougbtlace through mechanical erosion processes or volcanic
outburstsOn 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 usuatigntains some organic matt&réonenberg2021).

Topsoil
Lateritic gravels

Lateritic duricrust

g Soil
-
:-3'.'-._ “253 e o
rl. prosienesen gounee |
=3
/ Saprolite
Saprock
+ 1 Weathering front
e e Bedrock
2 o o riiom

Figure6. Simplified weathering profile, modified after Lecomt&014(Kroonenberg, 2031
12



3.25ampling and processing steps

Stepsdone before and after sampling a profile.

1 The profile wagleaned tgrevent contamination during the sampling process

1 The chosen profile wadescribé, horizonswere identifiedn the profilethen the identified
horizons were sampled.

1 The samples werearalried, because mercury vapors coedporate in theven
(Figure 7)

1 The dried sampleserecrushed as finely as possible using moftiae hard one were left
for Filab), then the saple was homogenized ahdndedo Filab foranalyzesKigure 8)

Figure7. Samples being air dried

13



Figure8. Samples crushed usingortar

3.3Analytical methods

Laboratory values are strongly dependent upon the analytical method usstdlifish 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@adical samples. These
samplegepresentomplex mixtures of various organic and inorganic compounds.

The conventional methods for measuring total mercury include absorption spectrometry, neutron
activation analysis, and cold vapor atorasorption spectrometry.

FILAB in Suriname uses oxidative digestion + AAS cold vaiFoMS 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 abrption cell and the absorption measured at 253.7 nm for
determination of the quantitit.involves wet digestion with mixture of strong acids followed by the
addition of a reducing agent to generate elemental mercury vap®: (Hgthe later, elemental
mercury vapor (H9 is generated through direct combustion of the sampleaadlgzed. (Ministry

of the environment, Japan, 2004)

14



34 The Afobaka Road Test

On March 11, 2021 we did a test profile in a pilot area along the Afobaka road to ddthelop
samplingmethodology andollect samples at the same time for a first assessment of the variability
of mercury contents in weathered rock material.

3.41 Sampling
Two profiles were selected for sampling namely: AEQ and AFQG2(Figure 9)

All samples were following the steps mentioned earliin this chapter and then seatFilab for
analyses on mercury with cold vapor AAByvelve samples have also been analyaieBilab for
40-elements using IGRES with aqua regiaigestion.The 40 elements analysed BILAB are
(detection limits in parenthesis) Ag(2), AI(0.010%), As(5), B(10), Ba(10), Be(1), ,Bi(5)
Ca(0.010%), Cd(1), Coj2 Cr(2), Cu(2), Fe(0.010%), K(0.010%), Ge(1), La(2), L&),
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), TI(5), V(10), W(5), Y 5), Zn(5), Zr(10).

Figure9. Sampling of the profileAFO1(left) and AFGR(right) (Kroonenberg, 2021).
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3.4.2Results: Mercury data Afobaka Road Test

Table3. Hg contents of the
two profiles AFGL and

AFQ2(CVAAS, Filab)
SAMPLE REF.|Hg ug/kg

Quant. Lim. 1.0
AFO-1 boorsamp|  62.50 .
AFO-1 0-100m 51.00 AFQO1 shows a general decrease of Hg content with depth, the lowest value

AFO-1 10-40cm 55.10 being encountered in the yellow mottled horizoh@m depth.
AFO-1 1-1.10m 49,50

AFO-12.30-2.40(n  15.90

AFO-13.50-3.60n  9.3(

AFO-1 6m 1.0q

AFO-2 0-10cm 43.6

AFO-2 10-30cm | 162.60

AFO-2 1.20m 40.80 AFQG2 Shows a spike in¢hindurated horizon between 180 cm, apart from
AFO-22.10m 18.30 that it alsoshows decreasing Hg contents with degifigure 10)

AFO-2 3m 19.60

AFQC1l+ AFQ2

p=
)
T
'_
o
m
a)

AFO-1 —e— AFO-2
HG (PPB)

Figurel0. Diagram of profile AFE and AFG2

3.4.3 Multi-element data

The twelve samples that were analyzed for thesléthents using IGRES (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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Table4. Concentrations of 29 elements with one or more values above detectioitdiffrilab,ICPAES).

SAMPLE REF|Quant. LIfAFO-1 boorsgAFO-1 0-10 ci\FO-1 10-40 ¢AFO-1 1-1.10pAFO-1 2.30-2JAFO-1 3.50-3|AFO-1 6m AFO-2 0-10cAFO-2 10-30gMFO-2 1.20m |AFO-2 2.10m|AFO-2 3m

diepte -0.1 -0.4 -1.1 -2.4 -3.6! -6.0 -0.1 -0.3 -1.2 -2.1 -3.0
Hg ug/kg 1.0 63 51 55 50 16 9 1 44 163 41 18 2(
A% 0.010 2.76 2.75! 2.70: 3.31 1.96 1.38 0.96! 3.53 3.26 2.94; 1.50 1.38
Ba ppm 10 10 16 <1 <1 <1 <1 <1 <1 <1 <1 28 101
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 <0.0. <0.0: <0.01 0.06. <0.0: 0.01: <0.0: 0.5 <0.0 <0.0: <0.0
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 7l
Cr ppm 2 467 389 307 209 187 147 84 357 384 17 109 79
Cu ppm 2 39 166 8g 45 52 52 12 23 34 62 69 104
Fe % 0.010 20.2 233 18.87. 13.40 10.107 8.05 7.15 10.62 17.099 18.711 6.81 12.82
K % 0.010 0.01 0.0 0.01! <0.01 <0.0. <0.0: <0.0 0.01! 0.01 0.01! 0.04: 0.19
Mg % 0.010 0.01 0.01 0.01 0.01 0.04 0.01 0.01. 0.01 0.02 0.01 0.01 0.02:
Mn ppm 2 34 24 32 30 49 10 3(q 41 35 11 9 9
Mo ppm 5 <g < < <q < <q < < <q < 6) 291
Nb ppm 5 26.16 40.22 25.161 15.6 8.87. 5.67 E 13.77 20.30% 30.4! 5.35 12.73
Ni ppm 2 13 42 13 18 16 12 41 14 19 14 8| 29
P % 0.010 0.11 0.12 0.09 0.06 0.06. 0.04 0.0 0.05! 0.09 0.06. 0.01 0.04
Pb ppm 2 34 49 3§ 17 15 10 13 13 31 30 9 17
S % 0.010 0.03 0.04 0.03! 0.04 0.04! 0.04 0.0 0.02 0.03 0.05: 0.02 0.02
Sb ppm 5 <q 5.14: <§ <q < <q < 6.02, < < <q <
Sc ppm 5 34 38 30 42 31 21 2§ 23 34 48 14 19
Srppm 2 2§ 32 2§ 17 15 9 8 13 24 23 8| 19
Ta ppm 5 < <9 <g <4 < < <9 [§ <9 <g < <4
Ti ppm 2 584 561 504 534 52( 404 53! 461 444 42Q 85 79
V ppm 5 611 574 347 351 284 266 201 259 467 351 18§ 11
Y ppm 2 <2 3| <2 <7 <7 <7 <3 <2 <2 <7 <7 <3
Zn ppm 2 53 144 79 42 28 17 39 33 52 97 16 10
Zr ppm 5 39 39 34 37 32 2§ 27 28 34 23 9 14

We can also express the correlation between Hg and other elementsyrdageams.

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

much poorer in AFE2 (R?=0.28), this entirgl dueto the large spikeFgure 11) in the induréed
horizon, without the spike(itlier) the (R=0.65) for the combined profiles. Correlation witther
elements such as Cr andMgure 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)

Hg/Fe AFO1 Hg/Fe AFQ2 Hg/Fe AFO1+2
25 2000
25.00
. 18.00 L RE=0.2832.. *
20 T 16.00 st 2000 .
14.00 . e R
15 et 12.00 ® e 15.00
& b 10,00 . .« ®
10 — R 8.00 1000 | e .
R 5.00 . %
5 4.00 5.00
2.00
0 0.00 oo ] "
000 1000 2000 3000 4000 5000 6000 70.00 0.00 50.00 100.00 150.00 20000 000 s0.00 100.00 15000 20000
e
. i Hg/Cr AFO 1+ 2 without outlier Hg/V AFO 1+2 without outlier
Hg/Fe AFO 1+2 without gutlier T T
70 500
L ]
.
50 B2 = 0,630 200 = #0569 *
50 . ® e o FROENE- 2= 05708
. 300 e
40 e 5 " F -
30 200 . . * °
2 . . » e
: L 100 g e .
10 .
0 0
0 . . -
3 0.00 000 1000 2000 3000 4000 5000 60.00  70.00
0 s . 1 . . 000 1000 2000 3000 4000 5000 60.00 70.00 . 6
Hg wi

Figurell. Correlation of Hg with Fe, Cr and V of the profiles AFénd AFE2 (Kroonenberg,202)L
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4 Results
In this chapter we will discuss the results of the sangrialy/zedwvith Cold vapor AAStor
mercury by Filab Suriname.

4.1 Map

To have a better overview of the locations ofgsample pointsit is better to plot them on a map.
As we indicated earlier, 3 samples were taken from 12 profiles \&chtarted sampling from
Albina in a mine, then thbauxite trajectories, then roadLangatabiki, roado Pakra Kreek, and
roadto Java (Figure 12).

! NAS Profiles Nassau Area

Write a des cription for your map.
-

8
NAS-11
NAS-12,

)/NAS-OG

~

NAS-07 }

Figurel2. Locations plotted othe sampledNASprofiles

4.2 Description of the profilessampled andanalyzedon mercury with cold

vapor AAS.

On thefollowing pageq19-30) arethe descriptiorof the twelveprofiles sampled at the locations:
Granite mine Papatam (NAS 1)
Road RicanauPatamacca (NAS 2)

Road to Java (NAS3)
Road to Langatabiki (NAS8) (NAS 1112)
Road to Pakira kreek (NASLO)
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NAS1

-20

-40

Depth (Cm)
3

-100

-120
Hg ppb
Figurel3. Diagram Profile NAS1

Figurel4. Photo Profile NA®1

Profile name: NASD1
Location: 823543/60703Lranite Mine Piat Papatam.

. . : . Cm Hgppb
Equigranular, fingo medium grained texture. NASH 10 47.83
Minerals observed in the field: quartz, muscovite, biotite NAS1-2 90 30,02

NAS1-3 110 18,66

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 maial observed, Granite.
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-20

-40

-60

Nas 2-2 -80

Depth (Cm)

-100

-120

-140

|

g Quad.Camera
Opgenomen met Galaxy A51

Figurel6. Photo Profile NA®?2

Profile name: NASD2

NAS02

0.5 1 15

Hg ppb

Figurel5. Diagram Profile NAS?2

Location: 794863/60651 7Behind the bauxite mines of Moengoe away from ardRohd

Ricanad Patamacca

Cm

Equigranular, findo medium grainetexture. NAS2-1 20
Minerals observed in the field: quartz, muscovite. NAS2-2 50
NAS2-3 130

Munsél Colour:

NAS-2-1: 10 R 5/8
NAS-2-2: 10 R 74
NAS-2-3: 10 R 7/4

Remarls: Large crystals of Mica found

Geological unit: Patamacca (muscovite typical for this unit)

Hg ppb
1.48
0.98
0.58

20



NASO3

0 50 100 150 200
-20

-40
-60

-80

Depth(Cm)

-100

-120

-140

saprolite

-160
Hg ppb

Figurel7. Diagram Profile NAS3

Figure18. Photo Profile NA®3

Profile name: NASD3
Location: 780321/594603Road to Java

Cm Hg ppb

. . . NAS3-1 20 174.38
Equigranular, fine grained texture.
NAS3-2 50 179.98
Munsél Colour: NAS3-3 150 25.00

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 unifTaffra
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Nas4-2

Figure 20. Photo Profile NA®4

Profile name: NAS)4

Location: 783274/58913%longthe roadof Langatabiki
Equigranular, fine grained texture.

Munsell Colour:

NAS-4-1: 25 YR 7/8
NAS-4-2: 25 YR 7/6
NAS-4-3: 5 YR

Remaks: Parent material not observed

Geological unitPatamacca

NASO04

-60
-80

-100

Depth(Cm)

-120

-140

-160

-180

[
-200 Hg ppb

Figurel19. Diagram Profile NA®4

Cm Hgppb
NAS4-1 15 19.88
NAS4-2 40 0.67
NAS4-3 190 0.94
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Depth(Cm)
3

-100

-120

Figure22. Photo Profile NA®5

Profile name: NASD5
Location: 778260/57920@long the roadf Langatabiki

Equigranular, fine grained texture. Cm
. . . . NAS5-1 2
Minerals observed in the field: quartz, muscovite. S5 0

NAS5-2 60
Munsell Colour: NAS5-3 110

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

Nas05

0.5

HG ppb

Figure21. Diagram Profile NAS5

Hg ppb
0.77
1.25
0.46
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NASO6

-20

-40

-60

Depth(Cm)

-80

-100

-120

-140
Hg ppb

Figure23. Diagram Profile NAD6

" Profile name: NASD6
& Location:778280/57163@&long the road of Langatabiki

Equigranular, fine grained texture.

Cm Hg ppb
Munsell Colour: NAS6-1 20 13.20
NAS-6-1: 5 YR 7/8  NAS62 9| 029

NAS-6-2: 5 YR 6/3 NAS6-3 120 0.66
NAS-6-3: 5 YR 6/4

Remarks: Characteristics of metamorphosed Rpglart
from top horizon (epe material)

i

Figure24. Photo Profile NAS6

Geological Unit: Armingsaprolite observed)
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NASO7

Depth(Cm)
o
o

-100

-120
Hg ppb

Figure25. Diagram Profile NA®7

Profile name: NASD7
Location: 780404/56613along the road of

Langatabiki
Cm Hg ppb
NAS7-1 30 2.30
NAS7-2 80 0.60
NAS7-3 110 1.04

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 metarphosed
Rock(Schisosity) Topsoil possibly not sampled

Geological unit: Armina

g N ) 5

Figure26.Photo profile NAS?
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Figure27 Diagram Profile NA®S.

Figure28 Photo profile Nasd8 .

Profile name: NASO8
Location: 782413/55489@long the road of Langatabiki.

Gm  Hgppb
_ _ , _ NASS8-1 40  65.32
Equigranular, fingo medium grained texture. NASS-2 80  64.67
Minerals observed in the field: muscovite, biotite. NAS8-3 110  37.09
Munsél Colour:
Nas09
0
0 50 100 150 200
-20
-40




Figure29.Diagram Profile NAS8

Figure30. Photo profile Nas09

Profile name: NASD9
Location: 785323/5935980ad to Pakira Creek

Equigranular, medium grained texture.
NAS9-1

Minerals observed in the field: ,quartz,muscovite, biotite. NAS9-2

Munsel Colour: NASS-3

NAS-9-1: 75 YR 7/8

NAS-9-2: 7.5 YR 8/6

NAS-9-3: 7.5 YR 7/8

Remarks: Parent material observed, Muscovitenite.

Geological unit: Patamacca

Cm
20
60

130

Hg ppb
55.73
178.49
0.96
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Figure32. Photo profile Nas10

Profile name: NASLO
Location: 