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Abstract 

Up to now three dolerite suites were known in Suriname: the Paleoproterozoic Avanavero 

dolerite, the Mesoproterozoic Käyser dolerite and the Early Jurassic Apatoe dolerite. Upon 

inspection of aeromagnetic images of the IAMGOLD Rosebel Gold Mines concession, several 

NE-SW dyke-like lineaments were detected. One suspected dyke traverses the Brinck pluton 

south of the Royal Hill mine, and a whole swarm of NE-SW dykes crosses the Saramacca River in 

the western part of the concession. It was suspected that they represent a new, hitherto 

unknown dolerite suite. This thesis describes the research on six dolerite outcrops in the 

Saramacca River.  Both the northern and southern dolerite samples in the Saramacca River are 

NE-SW orientated, except for one sample, close to Jacob Kondre. For this study ten dolerite 

samples from the six outcrops were studied petrographically and geochemically, using XRF and 

LA-ICP-MS analyses carried out at Utrecht University. Samples for dating purposes have been 

submitted to the University of West Australia, but unfortunately they did not contain datable 

minerals. Petrographically there are two groups of dykes namely altered ones from the three 

southern outcrops consisting mainly of secondary amphiboles (uralite) and plagioclase, and 

fresh dolerites from the three northern outcrops with pigeonite as the only pyroxene. 

Geochemically the southern dykes plot as basalts whereas the northern ones as basaltic 

andesite. All show tholeiïtic MORB-like geochemistry. The southern, altered group of samples 

shows a considerable spread in major and minor elements, probably due to the fact that part of 

them are very narrow dykes and chilled margins. The northern ones always plot closely 

together and are distinguished by higher SiO2, Na2O and lower Fe2O3, TiO2 and Cr in comparison 

to southern ones. Based on different bivariant element plots both groups show affinity to 

Avanavero and Apatoe dolerite. Neither group can be firmly attributed to the existing suites. 

The southern group might still belong to the Avanavero suite because of its alteration and 

hence older age, wheras the northern group is fresh and therefore more similar to Apatoe, but 

the NE-SW dykes intersect the well-known large N-S running Apatoe dykes. Dating is needed to 

confirm whether this is indeed a new dolerite suite. 
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Abbreviations 

Ga - (giga-annum) is a billion years  

LA-ICP-MS - Laser Ablation-Inductively Coupled Plasma-Mass Spectrometry  

Ma - (mega-annum) is a million years  

MORB - Mid-Ocean Ridge Basalt  

Neg- Negative 

OIA - Oceanic Island Arc  

Pos- Positive 

TAS - Total Alkali Silica  

TTG - Tonalite-Trondhjemite-Granodiorite  

Wt%- Weight percentage 

XRF - X-ray fluorescence  
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1.0 Introduction 

 Suriname is part of the Guiana Shield, which stretches between the Orinoco and the Amazon 

rivers and includes eastern Venezuela, Guyana, Suriname, French Guiana, and northern Brazil 

(Kroonenberg, 2016). The crystalline basement is formed principally of igneous and 

metamorphic rocks and is also overlain with sedimentary rocks. Cutting through the different 

rock types are the three (3) distinguishable dolerite suites namely, the Paleoproterozoic 

Avanavero dolerite, the Mesoproterozoic Käyser dolerite and the Early Jurassic Apatoe dolerite. 

 
Figure 1. Location of the Rosebel gold mine and the Saramacca River (Rosebel Gold Mines N.V, 2012). 

In the Rosebel area located in the District Brokopondo, 100 km south from the Capital city 

Paramaribo, a recent study was conducted (Figure 1). This study indicates that a SW- NE mafic 

dyke intersects the Brinck granitic intrusion, evidenced by a thin rectilinear feature on the 

aeromagnetic map with a strike of 69.5 ˚. Moreover, in 4 drill holes in this area dolerite was 

found. It was not clear whether the narrow intrusions in the 4 holes are separate dykes, but 

when correlating these holes with each other a strike of 61.5° was observed, which is sub-

parallel to the dyke in the Brinck pluton (Ramlal, 2018; Figure 2). In the Saramacca River, west 
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of these SW-NE features, lineament with the same SW-NE orientation were observed on the 

aeromagnetic map (Figure 3).  

 
Figure 2. Location of the four holes of South Roma in which dolerite is intercepted relative to the SW-
NE trending dyke crossing the Brinck pluton. (Ramlal S, 2018) 

 

Brinck pluton 
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Figure 3. Aeromagnetic image of the Rosebel concession area with the SW-NE lineaments. The 
lineaments are very common further west of the Brinck pluton (Ramlal S, 2018). 

According to the research of Ramlal (2018), the drill core data is geochemically different 

compared to the Apatoe, Avanavero dolerite dykes and represents most likely a new generation of 

mafic intrusions that were not previously recognized in Suriname. This might be a younger separate 

dolerite dyke swarm, unrelated to the other two and could representing a later stage in the 

separation of the South American and African continents (Ramlal, 2018). The SW-NE dolerite 

dykes also corresponds with the direction of the Takutu graben and dolerites with same 

orientation are observed in different areas in Suriname such as the Rosebel mine, Saramacca 

River, Brownsweg, Sabana passie, Mindrineti and many other places.  

Similar dykes with the same orientation have been found in the Guiana shield and also in West 

Africa (Baratoux L, 2019). 

This study is interesting, because dolerite dyke swarms mostly represent the late magmatic 

episode occurring in the extensional and tectonic setting, thus inferring the key elements to 

understand the geodynamic processes (Reeves, 2000; Srivastava, 2011; Baratoux, 2019). To 

Brinck pluton 

SW-NE lineaments 
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understand the tectonics settings and geodynamics fully, the Saramacca River is chosen 

because this is the only place where these NE-SW trends are clearly exposed. 

The second chapter of this thesis will contain background information of the regional and 

geological setting of Suriname. Further the main dolerite types in Suriname will be discussed 

and other occurrences of dolerite dykes in Suriname, followed by a detailed study of the 

Saramacca River. The method used to receive results and quality control are given in chapter 3. 

In chapter 4 field results, the petrographic and geochemical results of the Suriname will be 

presented. The report finishes with a discussion & conclusion. 
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1.1 Hypotheses 

 

The main reason for this research is to know whether the NE-SW dolerite dykes intruding the 

Brinck Pluton, further corresponding with the Saramacca dolerite to the west, is actually a 

hitherto unknown dolerite suite. This study is interesting, because dolerite dyke swarms mostly 

represent magmatism occurring in extensional tectonic settings, thus inferring the key elements 

to understand the geodynamic processes in the Guiana shield.  The Apatoe dolerite is crossing 

through the NE-SW lineaments of the Brinck Pluton and these dykes might therefore be 

unrelated to the Apatoe dolerite (Ramlal, 2018). According to the area and orientation one 

would think that it is related to the Avanavero dolerite. This was also brought into question and 

dismissed on the basis of previous work (petrographical and chemical research) resulting in a 

different suite compared to the Avanavero dolerite (d'Audretsch, 1955). Furthermore the age 

of the NE- SW oriented dolerite is unknown till now. The study in geochemistry, petrography 

and geochronology will lead to the determination of this   dolerite in the Saramacca River. To 

know whether the dolerite is indeed a new suite or an already known dolerite suite of 

Suriname, the following main and sub questions are formulated. 

Main question:  

“Does the Saramacca River dolerites belong to the known dolerite types in Suriname or could 

this be another type of dolerite?’’ 

Sub questions: 

1. What are its distinct characteristics? What is the source, if this is indeed a new 

discovery? 

2. In the case of hitherto dolerite suite; are there similar dolerite types found in 

neighboring countries?  

 

 

 



6 
 

2.0 Geological setting  

2.1 Regional geology 

The Guiana shield is part of the Amazonian craton and is located on the northern part of the 

South American continent (Figure 4). The Guiana shield has two (2) major Archean nuclei, 

namely the Venezuelan Imataca block in the western and the Amapá block in the eastern part. 

Three major structural faults were identified on the eastern and central part of the shield with 

directions of WNW and ESE. 

The Guiana shield consist of the following: a Paleoproterozoic greenstone belt and a tonalite–

trondhjemite–granodiorite (TTG) belt originated during the Trans Amazonian Orogeny (Hurley 

et al., 1967). Convergence and collision between the Amazonian craton and West African 

Craton also occurred in this period (Vanderhaeghe et al., 1998; Voicu et al., 2001; Delor et al., 

2003a, b; Nomade et al., 2003; Cordani & Teixeira, 2007; Bispo-Santos et al., 2014). South of 

the greenstone belt, parallel to this, a WNW–ESE stretching belt (metavolcanic rock), with felsic 

granite intrusion (1.99–1.96 Ga) is found. Almost perpendicular to the belt on the southern side 

a discontinuous 2.07–1.98 Ga belt of high-grade rocks is found, called the Central Guiana Belt. 

The Central Guiana Belt consists of two parts, the sinuous and discontinuous Cauarane–

Coeroeni Gneiss Belt stretching roughly NW– SE/NE–SW/NW–SE across northern Brazil, 

southern Guyana and southwest Suriname, and the NE–SW stretching Bakhuis Granulite Belt in 

northwestern Suriname. A 3 km thick sub-horizontal sequence of sandstone and conglomerate 

with tuff intercalation, Roraima formation (1.87 Ga) overlies the above mentioned formations 

and these are intruded by the Avanavero dolerite dykes and sills (1.79 Ga).  The southernmost 

part of the central Guiana Shield is occupied by a younger belt of felsic volcanics and related 

granitic intrusions about 1.89–1.81 Ga (Reis et al., 2003).  

The youngest belt consisting of high grade rocks and is found in the westernmost part of the 

Guiana Shield and is occupied by the Rıo Negro belt with an age between  1.86 and 1.72 Ga., 

attributed to continental accretion after cratonisation of the remainder of the shield (Tassinari, 

1981; Tassinari et al., 1996; Tassinari & Macambira, 1999; Santos et al., 2000, 2006; Cordani et 

al., 2000; Cordani & Teixeira, 2007; Rodrὶguez et al., 2011; Kroonenberg & Reeves, 2012; 
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Almeida et al., 2013; Kroonenberg, 2014). The Rio Negro belt is intruded by partly 

Mesoproterozoic plutons and unconformably covered with folded sandstones. 

 
Figure 4. South America with the Amazonian craton (Kroonenberg S, de Roever E, Fraga L, Reis N, Faraco 
T, Lafon J, Cordani U and Wong T, 2016)  
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Trans Amazonian Orogeny  

 

The main phase of the Trans-Amazonian Orogeny starts at its earliest around 2.26 Ga and 

consists mainly of a crustal growth event that generated the greenstone belts and the older granitic 

suites and was constrained between 2.26 and 2.08 Ga (Daoust et al., 2011; Vos, 2011). 

• The first phase (Figure 5) started with the convergence and collision of the Amazonian 

Craton and the West Africa Craton in which the development of the Marowijne 

greenstone belt started. Isotopic Sr and Nd data from French Guiana indicates that 

these are all juvenile rock (younger than the Archean) with possible exception to the 

Armina metapelites.  The metamorphic overgrowths of the zircons (aging of 2.2–2.0 Ga) 

suggested that the high grade metamorphism was Trans-Amazonian and hence more or 

less coeval with that of the Bakhuis and Coeroeni belts (Tassinari et al., 2004a, b).  

A second tectonic pulse within the first phase of the Trans- Amazonian Orogeny is 

evidenced by the Rosebel Formation meta-arenites (Figure 6). 

The D2 phase within the greenstone belt shows that new basins are being formed, both 

in Suriname and French Guiana, in which the fluvial Rosebel Formation is deposited 

unconformably on pre-existing rocks (Delor et al., 2003a, b). Change in tectonic style is 

attributed, in which sinistral shearing related to oblique plate convergence leads to the 

formation of pull-apart basins between 2.11 and 2.08 Ga. Anatexis and intrusion of deep 

seated granites also occurred in Suriname and this is noticeable  in the Gran Rio Biotite 

Granite and the Pikien Rio Pyroxene Granite around 2.10–2.09 Ga, as well as in  the 

intrusion of the Patamacca Two-Mica Granite into the Armina Formation 

metagreywackes with their Taffra Schist aureoles. Delor et al. (2003a, b) in French 

Guiana and Daoust et al. (2011) in Suriname distinguish a third deformation phase in the 

greenstone belt around 2.07–2.06 Ga, allegedly caused by a local change to dextral 

shearing (deformation phase D2b). This caused metamorphism of the Rosebel arenites 

on its turn and is responsible for most of the quartz veins with gold mineralisation in the 

Rosebel Gold Mines.  
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Figure 5. Model of tectonic evolution of the Guiana Shield during the Main Trans-Amazonian Orogeny 
showing the D1-phase of the Trans-Amazonian Orogeny (Delor et al., 2003). 

• Phase 2 (Figure 7) encompasses the evolution of the Bakhuis Granulite Belt and 

Coeroeni Gneiss Belt through rift-type basin formation, volcanism, and sedimentation 

and, between 2.07 and 2.05 Ga, high-grade metamorphism.  

 
 Figure 6. Model of tectonic evolution of the Guiana Shield during the Main Trans-Amazonian Orogeny 
showing the D2a phase of the Trans-Amazonian Orogeny (Delor et al., 2003). 

• Phase 3, between 1.99 and 1.95 Ga, is characterized by renewed high-grade 

metamorphism in the Bakhuis and Coeroeni belts along an anticlockwise cooling path, 

and ignimbritic volcanism together with extensive and varied intrusive magmatism in 

the western half of the country. An alternative scenario is also discussed, implying an 

origin of the Coeroeni Gneiss Belt as an active continental margin, recording northwards 

subduction and finally collision between a magmatic arc in the south and an older 

northern continent. The Grenvillian collision between Laurentia and Amazonia around 

1.2–1.0 Ga caused widespread mylonitisation and mica age resetting in the basement. 
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Figure 7. Model of tectonic evolution of the Guiana Shield during the Late Trans-Amazonian Orogeny 

showing the D2b-phase (Delor et al., 2003).  

The Nickerie Metamorphic Episode 

The Nickerie Metamorphic episode at ca. 1250 Ma. During this event low-grade 

metamorphism and mica resetting took place in the western–central part of the Guiana 

shield along with widespread mylonitization along ENE trending shear zones (Bosma et al., 

1983. Kroonenberg (1982) referred to in De Vletter et al. (1984), proposed that the event 

was an expression of continental collision along the western margin of the Guiana Shield. 

This episode caused low-grade metamorphism and mylonitization in western Suriname, as 

well as partial resetting of Rb-Sr and K-Ar mica ages in granites and gneisses. As the dated 

Käyser dolerite sample with its high argon excess comes from that part of Suriname afflicted 

by the Nickerie Metamorphic Episode, it is assumed that the excess argon was acquired 

during this episode (De Roever, 2003). 
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2.1.1 Occurrences of dolerites in the Guiana shield  

Within the Guiana Shield the Avanavero dolerite occurs in Suriname, Guyana, Venezuela and 

Brazil and intrudes the Roraima Supergroup at Tafelberg. These dolerites were named 

Avanavero Dolerite, after the Avanavero Falls in the Kabalebo River (LoembanTobing, 1969), 

and this name has been adopted in all the neighbouring countries (Reis et al., 2013). 

 

The NW–SE oriented Käyser dolerite dykes were discovered in southwest Suriname, stretching 

over a distance of 300 km from the Sipaliwini area through the Käyser Mountains to the 

Kabalebo and Corantijn areas (Bosma et al., 1983, 1984; De Roever et al., 2003b). The associate 

NW-SE fault pattern from the Käyser dolerite might extend into Brazil, but due to limited 

research it has not been found yet. 

 

The CAMP igneous rocks occur as dykes, sills and lava flows in North America, South America, 

West Africa and Europe. The main outcrops occurs as the Apatoe dolerite dyke swarms in 

Suriname, French Guiana  (Deckart et al., 2005), East North America (Salters et al., 2003), West 

Africa (e.g. Liberia, Dupuy et al., 1988; Mali, Verati et al., 2005; Betrand et al., 1991), elongated 

isolated dykes in Europe (e.g. Messejana-Plasencia dyke in Portugal, Cebriá et al., 2005; 

Kerforne dyke in France, Jourdan et al., 2003), enormous sills (e.g. Brazil, De Min et al., 2003), 

layered intrusions (e.g. Guinea, Deckart et al., 2005) and some lava flows with thicknesses up to 

300 m (Morocco, Marzoli et al., 2004; Betrand, 1991; Brazil, De Min et al., 2003). The Central 

Atlantic Magmatic Province (CAMP) is one of the largest igneous provinces on Earth, extending 

more than 5000 km north to south, on both sides of the Atlantic Ocean. Its emplacement 

occurred about 200 Ma ago, at the Triassic–Jurassic boundary, and is linked to the initial 

breakup of Pangea. The Continental flood basalts characterized by large magma intrusions 

during relative short periods, are generally linked to the break-up of supercontinents and 

usually followed by oceanic rifting (Courtillot et al., 1999). The formation mechanisms behind 

this magmatism are strongly debated. The models can be divided into two major groups: active 

and passive models. The active models focusses on direct or indirect influence of a deep-seated 

mantle plume as result of changing conditions in the deep mantle (White and McKenzie, 1989; 
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Campbell and Griffiths, 1990; Hill, 1991; Wilson, 1997 and others) and the passive concentrate 

on the response of the shallow mantle dynamics induced by lithospheric stresses usually 

occurring in zones of variable lithospheric thickness (e.g. at the edges of cratons; King and 

Anderson, 1998) or caused by the concentration of large landmasses (supercontinents; Coltice 

et al., 2007 and 2009). 

 

In a recent study of Baratoux(2019), newly mapped dolerites were found in the Guiana Shield 

and these dyke swarms and sills were updated on the map based on regional airborne magnetic 

database (Figure 8). 

 
Figure 8. Map of the doleritic dykes and sills in the Guiana Shield color-coded based on their age as 
indicated in Sial et al. (1987) (fine lines) and Reis et al. (2013) (bold lines). Bold black lines are new dykes 
drawn using airborne magnetics (Baratoux, 2019)  
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2.2 Geological setting of Suriname 

 
Figure 9. Simplified geologic map of Suriname according to Kroonenberg et al. (2016). 

Suriname lies in the northern part of the South American continent, between Guyana to the 

West, French Guyana to the East, Brazil to the South and the Atlantic Ocean bordering the 

northern margin. The Marowijne greenstone belt is part of a large Paleoproterozoic greenstone 

belt stretching over a distance of 1500 km along the whole northern coast of the Guiana Shield 

from Venezuela to the Amapá state in Brazil and has a total thickness of the approximately 8-10 
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km (Gibbs & Barron (1993). The greenstone belt can be divided geographically in an eastern and 

a western segment (Gibbs & Barron, 1993; De Vletter et al., 1998; Delor et al., 2003a, b). Its 

eastern branch fans out eastwards from the Coppename area in central-north Suriname and 

the western branch of the greenstone belt west of the Bakhuis Mountains starts in 

northwestern Suriname in the Avanavero Matapi area, and continues into Guyana across the 

Mesozoic Takutu Graben (Kroonenberg et al., 2016). 

The Marowijne greenstone belt consists in the first place of the Paramaka formation which is 

the oldest formation and is intruded by the large ellipsoid diapiric TTG bodies and small mafic 

to ultramafic plutons which is partly metamorphosed (Veenstra, 1983). The Ultramafic and TTG 

plutonism occurred simultaneously with the formation of the Paramaka Formation, but before 

the deposition of the Armina, and the Rosebel Formation. The Rosebel Formation overlies both 

the Paramaka and the Armina formation unconformably (Kroonenberg et al., 2016). Deep level 

granite, schist and gneisses are also found in this belt (Kroonenberg et al., 2016). 

Paramaka Formation  

The Paramaka formation consists of a series of lavas, tuffs and volcaniclastic sediments with 

some intercalated chemical sediments, all metamorphosed in the greenschist facies and, close 

to TTG intrusions, to the amphibolite facies (Bosma et al., 1983, 1984; Veenstra, 1983). In the 

Saramacca area and Rosebel Gold Mine metabasalts with pillow structures were observed 

(Figure 5), showing a low-K tholeiitic ocean floor chemistry which probably have back-arc 

affinities (Veenstra, 1983; Daoust et al., 2011). The chemical analysis shows that volcanism in 

the Paramaka formation in and near the Rosebel area recorded a change in tectonic context 

from a back-arc extensional basin environment to a subduction dominated environment 

(Veenstra, 1983; Daoust et al., 2011).  

The Bemau Ultramafitite is closely associated with the Paramaka formation and consists of 

ultramafic–mafic intrusive bodies occurring in the Saramacca area, described in great detail by 

Veenstra (1983) including websterites, dunites, clinopyroxenites and their metamorphosed 

equivalents, ultramafic schists with serpentine, chlorite, tremolite, talc and carbonate. They are 

associated with minor metagabbros and quartzdiorites. Both the ultramafics, the metagabbro 
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and quartzdiorite show enrichment of LREE similar to modern andesites and high-alumina 

basalts (Veenstra, 1983). 

Kabel Tonalite 

Ellipsoidal batholiths of tonalites, trondhjemites and granodiorites ‘the Kabel tonalites’, are in 

contact with the surrounding Paramaka rocks and are conformable in such a way that the 

metavolcanics, usually in the amphibolite facies, wrap around the outlines of the intrusions 

(Kroonenberg & Melitz, 1983). This configuration suggests diapiric ascent of the TTG magma 

and contemporaneous deformation of the surrounding metavolcanics which also occurs in the 

Saramacca area (Veenstra, 1983). Tonalites contain hornblende and biotite as mafic minerals, 

trondhjemites only biotite (Kroonenberg et al.,2016) 

Armina Formation 

The Armina Formation is encountered in central to eastern part of Suriname and consists of 

regularly alternating sequences of low-grade metagreywacke and phyllite, called flysch facies by 

Bosma & Groeneweg (1973) and since then indeed recognized as metaturbidites (Bosma et al., 

1983, 1984; Daoust et al., 2011; Naipal & Kroonenberg, 2016; Watson, 2008). The Armina 

formation is also encountered in the Rosebel Mine, consisting of mainly of well-rounded, 

tectonically flattened metavolcanic and metagabbroic clasts, with some evidence for tonalitic 

sources (Watson, 2008; Daoust et al., 2011; Naipal & Kroonenberg, 2016).  

Taffra Schist  

The Taffra Schist forms the contact zone between the Armina Formation and the Patamacca 

Two-mica granite and is characterised by well-foliated coarse grained staurolite–garnet–biotite 

schists (Schols & Cohen, 1951, 1953). Locally they contain kyanite, andalusite or fibrolite 

(Kroonenberg et al., 2016). 
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Patamacca Two-mica granite 

The Patamacca Two-mica granite intruded in the north east of Suriname (Yang, 2014). At least 

five individual plutons of Two-mica granite, called Patamacca Granite by Yang (2014), intrude 

into the Armina Formation in northeast Suriname, causing aureoles of staurolite– garnet–

biotite schists. This granite is also in contact with the Taffra schist and is associated with  

numerous pegmatite veins, some of which carry amblygonite, cassiterite, tantalite and beryl 

(Montagne, 1964) and can be classified as a peraluminous S-type which has an origin in a syn-

collisional tectonic setting (Yang, 2014). 

 

Rosebel formation 

The Rosebel formation is a meta-sedimentairy unit, unconformably overlying the Armina -and 

Paramaka formations with basalt metaconglomerate at the base (Watson, 2008; Daoust et al., 

2011). This unit also contains polymictic, quartz rich conglomerates, but with also abundant 

phyllite clasts.  The formation contains abundant cross-bedded greyish quartz-rich meta-

arenite, with magnetite grains concentrated at the base of the foresets. As seen in the 

sedimentary structures of the Rosebel formation a fluvial depositional environment was 

suggested. The magnetite could be from the chemical remains form the Paramaka 

metavolcanics. Based on this, an interval of uplift, erosion and deep weathering must have 

occurred between the deposition of the Armina turbidites and the Rosebel fluvial sands. This is 

also seen in French Guiana, the Upper Detrital Unit, is supposed to have been deposited in pull 

apart basins formed in a late stage of transpressional deformation of the greenstone belt 

(Milèsi et al., 1995; Vanderhaeghe et al., 1998; Delor et al., 2003a). 

 

Sara Lust Gneiss 

The Sara Lust Gneiss is found along northern and southwestern flank of the greenstone belt and 

is bordered by a zone of high-grade metamorphic, often migmatitic gneisses and amphibolites 

(Bosma et al., 1983, 1984, Kroonenberg et al, 2016). 
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2.3 Dolerite types in Suriname 

 
Figure 10.  Main dolerite suites in Suriname. Simplified map of Suriname showing the three dolerite dyke 
groups. Abbreviations: Co = Corantijn River; Kb = Kabalebo River; Cr= Coeroeni River; W= Westrivier 
River; S = Sipaliwini River; Käyser = Käyser Mountains. The Avanavero dyke suite is represented by the 
NE-SW trending dykes, sills and sheets in the centre and NW; the Apatoe dyke suite corresponds to the N-
S trending dykes in the E and W; the Käyser dolerite suite is represented by the green colored NW-SE 
trending dykes in the SW (modified from de Roever et al., 2003). 

 
In Suriname, three main dolerite suites (Figure 10 & Figure 11) can be distinguish as followed: 

Avanavero Dolerite (age: 1794.5 ± 1.6 Ma)  

The Avanavero dolerite dykes are the oldest dolerite in Suriname and are approximately 15 km 

long with a width of 50 m to 1 km and cut to different lithologies with a NE-SW orientation. 
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These dolerites are known for the irregular masses and sills. The Avanavero dolerite, also called 

hyperstene dolerite (Kroonenberg et al., 2016) in Suriname has a varied composition (e.g. 

Bosma et al., 1984) and consists mainly of strongly zoned labradorite and several types of 

pyroxene. Intergrowths of hypersthene and clinopyroxene represent inverted pigeonite. 

Uninverted pigeonite and subcalcic augite are also common, whereas olivine and primary 

hypersthene occur locally. Interstitial granophyric intergrowths are common. Minor 

components include some hornblende, biotite and opaque minerals. The Avanavero dolerite 

carries discontinuous covers of bauxite bearing iron laterite (Groeneweg W and Bosma W, 

1970). 

An important characteristic of the Avanavero dolerite is the presence of the two pyroxene 

types: Ca-rich augite and Ca poor inverted pigeonite. The latter is expressed as orthopyroxene 

with exsolution of clinopyroxene. Chemically it is mainly a tholeiitic basalts with high Cs, Rb, and 

Ba, K and low Ti? content, suggesting a lithospheric mantle source, modified by crustal 

contamination and/or by enrichment with slab fluids or melt from ocean lithosphere. The REE 

pattern are generally LREE-enriched (20–70× relative to chondrites), compared to the HREE 

(7–17×), with no or only slight negative Eu anomaly (Reis et al., 2013). 

Käyser dolerite (age: 1100–1300 Ma) 

The Käyser dolerite has a NW–SE orientation and stretches over a distance of 300 km from the 

Sipaliwini area through the Käyser Mountains to the Kabalebo and Corantijn areas (Bosma et 

al., 1983, 1984; De Roever et al., 2003b) with a width not over 50m. The Käyser dolerite also 

called olivine dolerite, is a fine- to medium-grained rock of greenish-grey color due to the 

abundance of (commonly fresh) olivine. It contains about equal amounts of plagioclase 

(labradorite) and mafic minerals, olivine and clinopyroxene. Only one pyroxene is present; a 

purple, slightly or markedly pleochroic clinopyroxene with a small, or rather small, axial angle; it 

does not show exsolution. Microprobe analysis of the pyroxene from the K-Ar-dated sample 

(69Sur74) showed that it is a fairly Ca and Mg-rich titaniferous augite. Microprobe analysis of 

the associated olivine showed considerable variation from grain to grain, as well as some 

zoning, from ca. Fo63Fa37 to ca. Fo39Fa61, indicated that the olivine is richer in Fe compared 
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to the pyroxene. The dolerite has a fairly large content of opaque matter, mainly ilmenite, 

generally overgrown with rims of deep reddish-brown biotite. A minor constituent is a 

kaersutite like amphibole with the same reddish-brown color as the biotite, and therefore 

easily overlooked in thin section. Alteration to chlorite, serpentine, actinolite and sericite occurs 

locally, to a small extent (De Roever et al., 2003). 

Chemically it is alkali basaltic in composition instead of tholeiıtic as the other suites, with Na2O 

+ K2O contents up to 4.5–6.5% and  SiO2 contents of 43–50%.The dolerite also plots  in the 

alkali-basalt field in various geochemical discriminant diagrams (De Roever et al., 2003b). REE 

patterns show a marked fractionation, with LaN/YbN values of 6.9–8.2. Ar–Ar dating gave an 

age of 1501 Ma (De Roever , 2003) 

 
 

Apatoe Dolerite (age: 196.0 ± 1.7 Ma) 
 

The Apatoe dolerite is a dyke swarm of Early Jurassic age with a general N–S orientation 

transecting the basement in large parts. They are usually not more than 50 m wide, but 

nevertheless are often expressed in the topography as parallel narrow laterite-capped ridges 

and can be followed for over 300 km.  

The Apatoe dolerite is the youngest dolerite found in Suriname and is characterised as 

pigeonite dolerite (Geologische mijnbouwkudinge Dienst, 1984). These relatively homogeneous 

rocks are the most differentiated rocks, mainly containing pigeonite (2Vz 0-10˚) and augite. The 

Apatoe dolerite has a fine-grained intergranular to coarse-grained gabbros composition, 

depending on the thickness and position of the sample of the dykes. In all samples, the main 

phases are calcic plagioclase, augite (2Vz 10-40˚) and to a lesser extent titanomagnetite. Olivine 

is sporadically present in a few samples. Interstitial patches composed of late crystallizing 

micropegmatite enclosing needles of apatite also occur In some cases, late biotite or amphibole 

are present (Deckart, 2005). 

Chemically they are Fe-enriched tholeiites and have higher Zr than either Avanavero or Kayser 

dolerites, whereas their Sr and Ti contents are intermediate between those (Bosma et al., 1984; 

De Roever et al., 2003b; Deckart et al., 2005). REE diagrams show slight enrichment of LREE 



20 
 

(LaN/YbN 1.49–5.09) and virtually no Eu anomalies, spider diagrams show positive to negative 

Sr anomalies and a slight positive Ti anomaly. The Nd–Sr isotope signatures point to depleted 

mantle sources with little crustal contamination (Deckart et al., 2005). The Apatoe Dolerite 

forms part of the Jurassic Central Atlantic Magmatic Province, which heralds the separation of 

the American continents from Africa and Eurasia and the origin of the Atlantic Ocean as parts of 

the breakup of Gondwana (Deckart et al., 2005; Nomade et al., 2007). The latter author 

confirmed the age range of ca. 190–200 Ma, and the paleomagnetic data obtained even 

suggested the presence of at least two magmatic pulses within that period (Nomade et al., 

2000; de Roever, 2003) 

The alteration products are variously developed, depending on the samples, and consist of 

sericite (after plagioclase), serpentine (after olivine), uralite (after pyroxene) and chlorite (after 

biotite). Narrow rims of hornblende and biotite around the clinopyroxene are common and also 

some secondary chloritic material but evidence of metamorphism is absent (GMD, 1984) 
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Figure 11. Stratigraphy and Sequence of the dolerites in Suriname (Kroonenberg et al., 2016) 

2.3.1 Dolerite findings in Rosebel area in Suriname 

Dolerite in Rosebel mine 

SW-NE dolerite dyke of Roma South 

The outcrops of the SW-NE trending dyke crossing the Brinck pluton are not visible in the field 

and it is also not intercepted in drill core. These SW-NE lineaments is probably intercepted in 

drill cores of East Roma, north of the Brinck pluton (Figure 12). The four drill holes (Figure 13) are 

striking 69.5° and sub-parallel to the dyke (61.5°) crossing the Brinck pluton (Ramlal S, 2018). 
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Figure 12 Map of IAMGOLD Rosebel Gold Mines with the Roma and Koemboe pit (Ramlal S, 2018). 
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Figure 13.The four holes of South Roma in which dolerite is intercepted with a strike of 69.5˚ which is also 
sub parallel to the Brinck Pluton (strike 61.5˚; Ramlal, 2018) 

Roma (13, 18) 

The two samples of the “SW-NE “oriented dolerite dyke of Roma (13, 18) are of basaltic 

composition.  

Sample 13: RMD-289 (227.6m) Olivine dolerite 

The olivine dolerite is dark grey to black colored, fine crystalline, homogeneous, massive and 

slightly fractured. The rock is distinctly magnetic. It has an ophitic texture and is composed 

mostly of plagioclase and clinopyroxene. Plagioclase is present as lath-shaped euhedral crystals 

showing a sharp twinning and occasionally a faint oscillatory zoning. Clinopyroxene is 

interstitial, poorly formed, wrapped around or molded against the long rectangular plagioclase 

crystals.  Phlogopite clots, probably pseudomorphs of olivine and opaque minerals (Fe-Ti 

oxides), are filling the spaces between the crystals (Ramlal S, 2018). 

Sample 18: RMD-288 Olivine-dolerite 
 
The dolerite rock is dark grey to black colored, fine crystalline, homogeneous, massive, 

undeformed and difficult to identify megascopically. The distinctly magnetic dolerite sample 13 
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has an ophitic texture and consists mainly of calcic plagioclase, clinopyroxene and olivine. 

Plagioclase is present as lath-shaped euhedral crystals and shows a sharp twinning. 

Clinopyroxene is interstitial, poorly formed, molded against the long rectangular plagioclase 

crystals. Olivine appear as rounded grains and are early formed. Olivine is pseudomorphically 

replaced by phlogopite and opaque minerals (Fe-Ti oxides) and it is filling the spaces between 

the crystals (Ramlal, 2018). 

The dolerite of Roma stand out by their low Ti, Zr, P and K levels, lower than most Apatoe, 

Avanavero and Kayser dolerite samples. Their Sr level is higher than most Apatoe and 

Avanavero samples but lower than the Kayser samples (Ramlal, 2018). 

Koemboe (11) dolerite 

The dolerite of Koemboe is classified as a basaltic trachy-andesite, but is close at the boundary 

with basaltic andesite (Figure 14). This dolerite has a light greenish to grayish color, it is 

moderately chloritized and consists of micro phenocrysts in a very fine grained aphanitic matrix. 

The rock is homogeneous and is weakly foliated but does not show schistosity. Furthermore the 

rock is altered into a very fine grained groundmass of albite, chlorite, and opaque minerals. 

Chlorites are not neatly oriented and they are probably pseudomorphs of olivine. The 

groundmass contains some carbonate and clusters of sericite/phlogopite, muscovite, lath-

shaped plagioclase with twinning and accessory apatite resulted from replacement in a late 

phase of other minerals which are difficult to trace (Ramlal S, 2018).  

According to Ramlal (2018), the Koemboe dolerite was also compared with rocks of the 

Paramaka Formation. The comparison was done with geochemical data from Daoust et al. 

(2011) of the sample numbers 118943 to 118945 of Mayo rhyolite and 118860 to 118861 of J-

Zone andesite were used. The trace element pattern of the Koemboe meta-dolerite seem to be 

closely similar to that of the Paramaka volcanics. The relationship is not completely understood, 

but it is possible that sample 11 is part of the Paramaka volcanics. 
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The metadolerite 11 has the lowest iron content of all. The Roma- and Koemboe dolerites both 

have a tholeiitic affinity similar to that of the Avanavero - and Apatoe dolerite suites (Ramlal S, 

2018). 

 
Figure 14. Classification of the Roma-, Koemboe-, J-Zone and Rosebel dolerite (Ramlal, 2018). 
 

According to Ramlal (2018), the dolerite of Roma (13, 18), Koemboe (11) probably belong to the 

Apatoe dolerite suite after comparison was made with the Rosebel - and J-Zone dolerite. The 

dolerite data of Kioe A Sen (2010) was used for comparison. The sample numbers R60-74, R72-

07, R77, R86-53, R91-92, R100-87 for the Rosebel dolerite and of the sample numbers JZ67-94, 

JZ71-28, JZ12872 and JZ138 for the J-Zone dolerite, were used.  

The Roma dolerite are lower enrichments in REE compared to the Rosebel -and J-Zone dolerite, 

except for the element La which is relatively higher (Ramlal, 2018). The dolerite of Koemboe 

shows a higher enrichment in light REE (La, Ce, Pr, Nd, Sm and Eu) and a lower enrichment in 

heavy REE (Gd, Tb, Dy, Ho, Er, Yb and Lu) compared to the Rosebel – and J-Zone dolerites 

(Figure 15). The tectonomagmatic discrimination diagram of Pearce and Cann, 1973 (Figure 16) 

plots the Roma dolerite as Island Arc Basalt, the Koemboe dolerite as Calc-Alkali Basalt and the 

Rosebel and J-Zone dolerites as Ocean Floor Basalts. The differences seen in REE patterns and in 
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tectonic setting of the Roma dolerite, in addition to the differences in the discrimination 

diagrams of de Roever et al., (2003b) strongly suggest the presence of a new type of dolerite.  

 
Figure 15. REE element normalized to chondrite of the Roma-, Koemboe-, J-Zone and Rosebel dolerite 
(Ramlal, 2018) 

 
Figure 16. Tectomagmatic discrimination diagram of the Roma-, Koemboe-, J-Zone and Rosebel dolerite 

after Pearce and Cann (1973), adapted from Ramlal (2018). 
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2.4 Previous research in the Saramacca area 

 During the 1900, Du Bois and van Stockum (1904) were the first researchers who sampled the 

along Saramacca River and its tributaries (d'Audretsch, 1955). Du Bois took samples from the 

Brokolonko till the Kentiboffro creek (numbers 333-349). Out the samples, five (5) where 

directly related to the Saramacca River and described the area to be a pure granite area. 

Van Stockum focused on making a map of the samples gathered. His first sample was from the 

Janbasigasoela (GMD 2) ranging further upstream. These samples were describe by Moerman. 

From the 100 samples (numbers 2 till 46 and 73 till 80), 53 were related to the Saramacca river. 

The samples were mostly biotite granite till Toekoemoetoe (outside the research area) and 

probably with muscovite granite on top. 

A broad research was done in the Saramacca River in 1955 (d'Audretsch, 1955) with geological 

and reconnaissance purposes. In the paragraph below the paper by d'Audretsch, will be 

discussed. The maps of this study are seen in Figure 17 and Figure 18 from which the different 

sample area will be described. 

 
Figure 17. Saramacca expedition (Saramacca exp. map sheet D6; 10, CBL30a) (d'Audretsch, 1955) 

54 

59 

62 

77 
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At GMD location GMD 54 sample F 865 was taken from rounded to angular boulders of 

dolerite, near the Brokolonko creek. This dolerite dyke was 2m wide and was petrographically 

described as a pigeonite dolerite. Orientation N55E.  

At GMD location 59 near the California creek area, dolerite sample F 868 was taken, described 

in the field as, brittle dolerite with gabbroic weathering and bleached feldspar. Petrographically 

described as a pigeonite dolerite. Orientation N55E.  

 Not far from Pompoe kampoe, at GMD location 62 sample F 869 was taken, described in the 

field as strongly altered dolerite with pyrite, chalcopyrite, intruding into amphibolite with 

quartz veins. . Orientation N55E.  

At location GMD 77 close to the Fremoesoeston, the samples F882 and 883 were taken of the 3 

basaltic dykes (ca 25 cm each) which pinch out and intruded in a biotite granite rock (Figure 18).  

The basaltic dykes are ore rich and are fine grained. There is local enrichment of quartz in the 

biotite granite.  

  
Figure 18. Pinch out of basaltic dykes (d'Audretsch, 1955 ) 

In the map below of the Saramacca expedition (Figure 19) the sample location GMD 84, GMD 

85 and GMD 91 are plotted on the map, followed by a brief description of the samples. 

At GMD locations 84 and 85 near Jacob Kondre and the confluence with the Pikien Saramacca, 

rather strongly weathered dolerites were found. The dyke at location 85 is 1.5 m wide, from 

which sample F 884 was taken. The dykes are strongly altered dolerite intruding into a granite 
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and 1.5 m in width, adescribed in the field as a fine grained dolerite with large white stains with 

bleached feldspar. Orientation N50E/65. 

At GMD location 91 near Bana Ondro not far from the Oemakondre a 2 m thick N85E60˚) 

dolerite dyke was found with magnetic spots, and sampled as F 885. The sample is porphyritic 

in the middle to fine grained at around the edges. Orientation N85E.  

 
Figure 19.  Saramacca expedition (Saramacca exp. card sheet D6; 11, CBL30a) (d'Audretsch, 1955) 

Frequent in this area are aplitic, pegmatite dykes, quartz stringers and dykes. Dolerite dykes 

found in the east and north-south direction are not found in the Saramacca River. The dykes are 2 to 6 

m with general east to north east orientation. (d'Audretsch F, 1955) 

The dolerite outside the study area indicated with numbers 141, 146 and 147 with an N20 E/70  ̊

are respectively described as porphyritic pigeonite and dolerite with alteration of amphibole 

and biotite. (d'Audretsch, 1955). Looking further upstream, the dolerites at locations 189 and 

190 have a possible east direction and are respectively described as pigeonite- amphibole 

dolerite and amphibole dolerite. (d'Audretsch, 1955). 

  

84 &85 

91 
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Metadolerites with a relict structure occur further upstream, and are probably much older, and 

are may be comparable to the uralite diabase of the upper Suriname River with an N60E 

direction (d'Audretsch, 1955). 

Table 1 Dolerite occurrences in the Saramacca River  

No. Map GMD 

1955 

GMD 1955 Orientation Description 

1 10 54, 55, 59 N55E Pigeonite dolerite (ca 2 m) 

2 10 62  Altered dolerite with ore (pyrite, 

chalcopyrite) quartz dykes. 

3 10 66,68 West? Pigeonite dolerite 

4 10 77  Basalt dykes (25 cm) 

5 11 91 N85E Pigeonite dolerite (ca 2 m); in the 

center porphyritic ,edge fine grained, 

magmatic. 

6 13 141 N20 tot70 Porphyritic pigeonite dolerite 

7 13 146 &147  Dolerite; pyroxene altered to 

amphibole/ biotite 

8 11 84, 85 S50W- 65 Amphibole dolerite (1,5 m) 

9 17 189 EAST? Pigeonite- amphibole dolerite, locally 

porphyritic 

10 17 190  Hydrothermal amphibole dolerite 
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3.0 Methodology 

Preliminary research 

Geological research was done regionally, locally and also in the specific research study area of 

the Saramacca River. To get an idea of the dolerite in the Saramacca River, samples and thin 

sections of the Saramacca expedition of 1955 were first studied. 

Field work 

As preparation for this field work the maps of the research of Audretsch (1955)  were studied 

and the location of the dolerite observed were marked. The location of the dolerite samples 

were marked by converting the CBL coordinates from the map of GMD with a conversion factor 

into UTM coordinates. The aeromagnetic map from IAMGOLD Rosebel Gold Mines of the 

research area was projected on the Google Earth map and the basaltic/dolerite dykes were 

plotted. The samples were generally found using the GPS coordinates and samples were taken 

of each outcrops (Figure 20). The samples were described macroscopically, following by 

measurement of the direction and dip of dykes where available.  

 
Figure 20.  Google map with the dolerite plotted and the aeromagnetic map in the background (Google 
earth) 
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Geochemical methods 

Preparation for XRF analysis  
 
The sample preparation and analyses were done at the GeoLab of University of Utrecht and 

also at TUDelft. The samples were sawed to remove the weathered parts. Then the samples 

were crushed into smaller pieces of a few cm3 on an anvil. After crushing on an anvil, the 

samples were crushed into gravel using Retsch BB 250 XL jaw crusher with tungsten carbide 

grinding plates. Next, all the samples were grounded further into a powder by a Herzog HP-MA 

Tungsten Carbide grinder. The Tungsten Carbide (WC) can cause some contamination of the 

samples, which resulted in the exclusion of some elements from the data analysis. The 

contamination of W is in the order of hundreds ppm and Nb and Ta contamination is 3-5 ppm 

(Hickson and Juras, 1986). 

Then, the samples were heated to 1000⁰ C to determine the loss of ignition (LOI). Next, 0.6 

gram of the sample was measured and mixed with 6 grams of Fluomix 6515 lil. This is a mix of 

66% Lithium Tetraborate, 34% Lithium Metaborate with Lithium Iodide 0.5%. This mix is heated 

to 1200⁰ C, to make homogenous fusion beads, using a Herzog HAG-S. The duplicates are XT2A 

and XT3C (Vaartjes M, 2018). 

Chemical analyses 

XRF 

The XRF data were placed in an excel file and sorted on major, minor and trace elements. The 

data were evaluated on any type of error in the range.  

The major, minor and trace elements were plotted on discriminant, variation and spider 

diagrams). Geochemical signatures were identified (incompatible trace–element ratios and REE 

patterns) to compare the Saramacca dolerite with other dolerites.  

ICP-MS 

Also at the University of Utrecht Laser Ablation Inductively Coupled Plasma Mass Spectroscopy 

(LA-ICP-MS) was used to analyze the trace elements.  
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The LA-ICP-MS is an analytical technique which enables highly sensitive elemental and isotopic 

analyses to be performed directly on solid samples without any sample preparation and with 

precision down to ppb (parts per billion) level. The LA-ICP-MS method is particularly used for 

the trace and rare-earth elements (REE) (Rollinson, 1993). LA-ICP-MS focuses the laser beam on 

the sample surface of the sample and the intense heat ablates the material, generating fine air-

suspended particles (aerosols) which are subsequently directed to a secondary excitation 

source of the ICP-MS instrument for digestion and ionization of the sampled mass. The excited 

ions in the plasma torch are finally introduced to a mass spectrometer detector for both 

elemental and isotopic analysis. 

LA-ICP-MS analyses 

The data were place in an excel file and sorted on major, minor and trace elements. The data 

were evaluated on any type of error in the range.  

The trace elements were plotted in the different diagrams (discriminant, variation, spider 

diagrams) to determine the source of the magma because all magmas have their own 

fingerprint. 

Data for the Avanavero, Apatoe, Kayser and Rosebel dolerite 

The data of the dolerites were gathered from the different reports and the variation diagrams 

were made using PAST and EXCEL program. These data are used to compare the different 

dolerite suites with each other. 

Data processing  
 

The software Glitter was used for analysis of the LA-ICPMS data. Glitter enables rapid selection 

of the best intervals for background and signal measurement and quick recognition of 

inclusions and data spikes of each analytic. It also provides a variety of plotting and diagnostic 

options allowing to evaluate the quality and significance of each analysis and calculation of the 

results for each analysis during the run.  
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Quality control 

NIS, ISE and BCR are all standards meant to test the quality of the analyses and will be only used 

if weird values are found to check whether the standards are correct. Also Duplo’s were made 

of some samples. The LA- ICP data the averages where used for accurate calculations. 
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4.0 Results 

4.1 Field work results 

Field work was carried out along the Saramacca River from the Brokolonko placer to the Pikien 

Saramacca near New Jacob Kondre (Figure 21). The study area lies in the central north area of 

Suriname (Figure 9) and is part of the Marowijne greenstone belt. The research area was 

chosen based on the dolerite outcrops at low water levels (Figure 22). The Saramacca dolerite 

can be observed, through boat travelling and is easily recognized by its distinct black color 

between the granites, quartz veins, schist, amphibolite, pyroxenite, metagabbros, pegmatite, 

conglomerates and river sediment. 

Figure 21. Simplified regional Regional map of the onshore of Suriname (Kroonenberg et al., 2016). 

Research area 
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Figure 22. Aeromagnetic map plotted on the google earth map (Google earth) 
 

The sample locations chosen based on previous work done by d’Audretsch in the Saramacca 

River in 1955 are summarized in Table 2 (Figure 23). During my field work these samples were 

renamed (the XT samples). The coordinates and nearest location of known place are also 

mentioned in this table. 
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Table 2 Field sample corresponding with previous work. 

 Sample 

number 

Corresponding 

location 

number of 

D’Audretsch, 

1955 

UTM Coordinates 
21N 

Nearest location of 

known place  

1 XT1a 91 
661005/544604 

Close to Bana-ondro 

going upstream 2 XT1b 

3 XT2a 84 & 85 662259/547732 Close to Jacob Kondro 

going upstream 

4 XT3am 77 

661087/552113 

 

Before 

Fremoesoeston area 

downstream 

5 XT3az 

6 XT3b  

7 XT3c 

8 XT4a 62 658298/555758 Before Wan Creek; 

near the Lankoelassi 

area going down 

stream 

9 XT5  59 659789/556878 Close to the California 

Creek going down 

stream 

10 XT6 54 659639/556781 Right bank/ close to 

the kakkrakoe kreek/ 

going down stream 

 
Location 1 (XT1) 
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The dolerite outcrop of this location ( Figure 

23) was partly under water. It has a proximal width of 2 m and an orientation of NW- SE, 

striking 289˚ but this diverse of the NE-SW orientation taken by D’Audretsch 

(1955).Macroscopically the rock is mafic, medium grained and contains   plagioclase, 

amphibole and magnetite. At this outcrop two (2) samples were taken namely XT1b, with 

plagioclase phenocrysts and sample XT1a without phenocrysts. 
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Figure 23. Sample location map of the Saramacca 
River (d'Audretsch, 1955) with the plotted 
location of the XT samples. 

 
Location 2 (XT2) 
At the second location, the dolerite outcrop was also partly under water with a width of 1 m 

oriented NNE- SSW, dipping 10˚. Based on macroscopic descriptions the rock is mafic, fine– 

medium grained and contains plagioclase, amphibole and magnetite.  

Location 3 (XT3) 

XT6 

XT5 

XT4 

XT3 

XT2 

XT1 
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At location 3 ( Figure 23), a large granite 

outcrops was found with 3 dykes (Figure 25Figure 24). Dyke XT3a was about 17 cm wide 

with orientation of 270˚, dipping 60˚ and tapered out to the west. The macroscopic 

description showed a mafic rock, fine grained, containing calcite and magnetite. The 

second dyke XT3b of 24 cm wide, was striking 290˚, dipping 70˚. Macroscopically this dyke 

is mafic, fine grained, and contains pyrite and magnetite. Also important to mention is that 

this dyke was finer grained then the others dykes. 

The dyke, XT3c, was about 5-10 cm wide, striking SW-NE (240˚) and dipping 60˚. This dyke 

has the same macroscopic description as the second dyke.  When measuring the strike and 

dip at XT3c the compass needle rotated different direction showing the strong 

magnetization of this dyke.  
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Figure 24. Dolerite dykes intrusive in granitic rock at location XT3 

Location 4 (XT4) 
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On the left bank ( Figure 23) a dolerite dyke locally 

showing spheroidal weathering was observed (Figure 25). . The outcrop of the dyke was 

approximately 1m long, striking NE-SW (260˚), dipping 45˚. Macroscopic description shows a 

mafic green rock, medium grained with plagioclase and pyroxene.  
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Figure 25. Sample location of XT4 

Location 5 (XT5) 
At the fifth location a dolerite outcrop was found in the middle of the Saramacca River (

Figure 23). Macroscopic descriptions show a mafic 

rock, medium grained containing plagioclase, pyroxene and amphibole. 

Location 6 (XT5) 
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Another dolerite outcrops was found at the right bank of the River (

Figure 23). Macroscopically the rock is mafic, 

medium grained and contains plagioclase and pyroxene and amphibole. The rock became 

fresher going upstream. 

 

4.2 Petrography data 

For this study ten dolerite samples from six outcrops were studied petrographically. At first 

glance, a clear distinction is noticeable between the thin sections of the fresh - and altered rock 

samples (Figure 26). 
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Figure 26. Thin sections of the ten XT dolerite samples of the Saramacca River. 

Based on the petrographic analyses of the thin sections, these samples can be divided into 

southern “altered” samples and northern “fresher” samples. The southern samples have an 

ophitic to porphyritic texture with the following predominant fine to medium grained minerals: 

plagioclase, amphibole (uralite?), chlorite and accessory minerals such as opaque mineral: 

magnetite. Throughout these samples, albite veins were observed. Also alteration of amphibole 

to chlorite and plagioclase to sericite were recognized.   

In the northern samples, an ophitic to sub ophitic texture with medium to coarse grains was 

observed.  The predominant minerals were plagioclase, pigeonite, and minor amphibole with 

accessory mineral such as, opaque minerals (magnetite/pyrite), granophyre and biotite. 
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Figure 27. The photomicrographs of sample XT1 with the abbreviations: Pl (plagioclase), Amp 
(amphibole) and Chl (chlorite) in PPL 10x0.10 and XPL 10x0.10. 

The sample (Figure 27) has an ophitic texture with the following predominant fine to medium 

grained minerals: plagioclase (40%), amphibole: uralite? (40%), chlorite (15 %) and opaque 

mineral such as pyrite/magnetite (5-10%). Throughout the sample, albite veins were observed. 

Altered amphibole to chlorite was observed and a plagioclase crystal was found with chloritic 

material inside the fractures. 

 
Figure 28. Photomicrographs of sample XT1b with the abbreviations: Pl (plagioclase), Amp (amphibole) 
and Chl (chlorite) in PPL 10x0.10 and XPL 10x0.10. 

 This sample XT1b (Figure 28) has an ophitic texture with the following predominant fine to 

medium grained minerals: plagioclase (55%), amphibole: uralite? (15%), chlorite (20) % and 
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opaque mineral such as magnetite (<10%).This sample also has albite veins and altered 

amphibole to chlorite.   

 

 

 

 

 

 

 

 
 
Figure 29. Photomicrographs of sample XT2a with the abbreviations: Pl (plagioclase), Amp (amphibole) 

Chl (chlorite) and Ca (Carbonate) in PPL 10x0.10 and XPL 10x0.10. 

This sample ( 
Figure 29) has an ophitic texture with the following fine to medium grained minerals: 

plagioclase (30%), amphibole: uralite? (30%), chlorite (20 %) and opaque mineral such as 

magnetite (10%).  Calcite (<1%) surrounded by chloritic material was observed. Also the same 

chloritic alteration where observed but more than in the previous sample. 
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Figure 30. Photomicrographs of sample XT3a with the abbreviations: Pl (plagioclase) and Ser (sericite) in 
PPL 10x0.10 and XPL 10x0.10.  

Both sample XT3 az and XT3a ( 

 

 

Figure 30) mid show a porphyritic texture with predominant fine grained minerals. The 

groundmass consists of fine-grained amphibole, chlorite and sericite material with large and 

small plagioclase (30 %) and magnetite (4%). The sericitic alteration was observed of the 

plagioclase. 
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Figure 31. Photomicrographs of sample XT3b with the abbreviations: Pl (plagioclase) and Ser (sericite) in 
PPL 10x0.10 and XPL 10x0.10. 

 The sample (Figure 31) contain a porphyritic texture with predominant fine grained minerals. 

The groundmass consist of fine-grained amphibole, chlorite and sericitic material with 

plagioclase phenocryst (30 %) and opaque minerals such as magnetite (4%). This sample also 

contains sericitic alteration.  

 

 
Figure 32. Photomicrographs of sample XT3c with the abbreviations: Pl (plagioclase) in PPL 10x0.10 and 
XPL 10x0.10  

Also in this sample (Figure 32), the same porphyritic texture is observed with albitic veins and 

amphibole, chlorite and sericitic alteration in the groundmass. 
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Figure 33. Photomicrographs of sample XT4 with the abbreviations: Pl (plagioclase), Amp (amphibole) 

and Prx (pyroxene) in PPL 10x0.10 and XPL 10x0.10. 

This sample (Figure 33) has a sub ophitic texture with medium to coarse grained mineral. The 

predominant minerals are plagioclase (70%), clino-pyroxene: pigeonite (15%) amphibole (5%) 

with accessory minerals opaque minerals (2%), quartz and feldspar intergrowth in a granophyre 

(<1%). 

 
Figure 34. Photomicrographs of sample XT5 with the abbreviations: Pl (plagioclase), Amp (amphibole) 

and Prx (pyroxene) in PPL 10x0.10 and XPL 10x0.10. 

Also this sample (Figure 34) has a sub ophitic texture with prominently coarse grained minerals. 

The microscopic description of the sample is as followed: plagioclase polysynthetic twinning 

(55%), pigeonite: (25%) with accessory minerals amphibole (<10%), opaque minerals: magnetite 
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(<7%), biotite (1%), quartz and feldspar intergrowth in a granophyre (<1%). The crystals of this 

sample are larger in comparison to the XT4 sample. 

 
Figure 35. Photomicrographs of sample XT6 with the abbreviations: Pl (plagioclase), Amp (amphibole) 

and Prx (pyroxene) in PPL 10x0.10 and XPL 10x0.10. 

A sub ophitic texture with prominently medium to coarse grains minerals is observed. The 

microscopic description of the minerals: plagioclase (60%) polysynthetic twinning, pigeonite: 

(22%), amphibole (<10%) with accessory minerals opaque minerals: magnitite (<5%), biotite 1% 

with quartz and feldspar intergrowth in a granophyre (<1%).
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4.3 Geochemical data 

 

For this study ten dolerite samples from six outcrops were analyzed at Utrecht University, using 

XRF and LA-ICP-MS method. Also an XRF analyses was done at the TUDelft University which 

included the XT3az and XT3mid samples. The XRF data sets of both universities were compared 

with each other, but the overall differences were minor. Small differences could be noted in the 

Fe2O3, Al2O3 and MgO contents.  The data set of the Utrecht University is used throughout this 

thesis report.  Several major-, minor- and trace elements were measured. The major elements 

oxides include Al2O3, CaO, FeO, MgO, K2O, NaO, TiO2 and SiO2 (>0.1 wt. %). The element oxides 

MnO, P2O5 are in minority and there are also some traces of Ba, Cr, Ni, Sr and Zr (<0.1 wt. %) 

present. 

XRF analyses 

Out of the ten samples analyzed with the XRF method, seven are altered dolerites samples 

(XT1a, XTb, XT2a, XT3az, XT3am, XT3b and XT3c) and three are of fresh dolerites (XT4, XT5 & 

XT6; 
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Table 3).  All rock samples were taken from the approximate central part of the dykes, except 

for the XT3az sample which is taken from the edge.  

In 
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Table 3, the results are given of the XRF analyses data set from the University of Utrecht.  
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Table 3. XRF data of the XT dolerite in Saramacca River. 

 Oxide/ 
XT1a XT1b XT2a XT3a XT3b XT3c XT4a XT5 XT6a Min Max 

Groups Element 

M
aj

o
r 

e
le

m
e

n
ts

 

SiO2 46.29 46.50 47.11 49.59 49.59 49.84 52.7 52.75 52.77 46.29 
52.77 
 

Al2O3 15.20 15.19 15.90 13.25 13.23 13.21 14.41 14.32 14.64 13.21 
15.90 
 

Fe2O3 15.46 15.72 13.73 16.60 16.79 16.81 12.75 12.88 12.34 12.34 
16.81 
 

CaO 8.43 8.88 9.245 7.87 7.39 7.58 8.47 8.19 8.37 7.39 
9.25 
 

MgO 6.49 6.59 7.55 4.34 4.35 4.36 5.54 5.2 5.39 4.34 
7.55 
 

TiO2 1.95 1.94 1.1 3.08 3.12 3.14 1.01 1.07 1.02 1.01 
3.14 
 

Na2O 1.96 1.99 1.93 2.22 1.91 1.90 2.67 2.7 2.73 1.90 
2.73 
 

K2O 1.01 0.61 0.685 1.39 1.28 1.32 1.28 1.45 1.32 0.61 
1.45 
 

M
in

o
r 

e
le

m
e

n
t P2O5 0.27 0.27 0.09 0.36 0.36 0.37 0.21 0.21 0.22 0.09 0.37 

MnO 0.26 0.28 0.21 0.22 0.21 0.22 0.18 0.23 0.17 0.17 0.28 

Tr
ac

e
 e

le
m

e
n

ts
 

Ba  449 343 200 508 463 484 507 810 578 200 810 

Sr 249 225 307 245 239 244 345 356 356 225 
356 
 

Zr 120 133 75 206 202 198 138 143 144 75 
206 
 

Cr  170 181 63 72 69 70.50 27 28 31 27 
181 
 

Ni 156 136 126.50 85 88 92 120 107 118 85 
156 
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Figure 36. TAS diagram of the XT samples of the Saramacca area, using the   silica versus total alkalis 
(Na2O and K2O) content after (H, 1993). 

 
For this geochemical data set of the XT dolerite of the Saramacca River, also two groups can be 

identified. The southern group containing, altered XT1a, XT1b and XT2, XT3 which are classified 

as basalt and the northern group containing, fresher XT4, XT5 and XT6 classified as basaltic 

andesite.  

The XT1, XT2 and XT3 samples have a SiO2 value range between 46.29 and 49.84 weight 

percentage (wt %) and a total alkali (K2O + Na2O) wt. % less than 5 (Figure 36), whereas, the 

fresher samples, XT4, XT5 and XT6 are coarser grained with a SiO2 wt. % ranging between 57- 

57.7 wt % with an alkali wt. % less than 6.  

 The mid-section and margin-section of the XT3a determined the chemical composition of the 

chilled margin. These samples differ in not more than 0.05 wt% in the following element oxides: 

SiO2, Al2O3, CaO, MgO and NaO. When the comparison is made of these 2 samples, it can be 

concluded that the margin-section contains lower SiO2, CaO, MgO and higher Al2O3 and Na2O 

values. 
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. 

Different variation diagram were made to show the distinct trend of the XT dolerite and to 

fingerprint magma of the different tectonic settings (H, 1993).  

 
Figure 37. P2O5 – Zr classification diagram for basalt (Floyd and Winchester, 1975) with the alkali and 
tholeiitic fields. 

According to the diagram in Figure 37, the XT dolerite samples belong to the tholeiitic basalts 

group with low P2O5 wt. %, similar to that of the Apatoe and Avanavero dolerite. The Kayser 

dolerite belongs to the alkaline basalt series (De Roever et al., 2003)   

The dolerite of Roma (13, 18) and the Koemboe (11) from the Rosebel dolerite from Ramlal 

research also are classified as tholeiitic series. The dolerite from Roma was classified as a basalt 

and from Koemboe was classified as basaltic trachy-andesite close to the boundary of basaltic 

andesite (Ramlal S, 2018). The northern group (XT4, XT5 & XT6) of the XT dolerite serie plot 

close to the Koemboe dolerite, whereas the southern group (XT1, XT2, and XT3) samples relate 

with the Roma dolerite. 
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Figure 38. TiO2-K2O, bivariate diagram to distinguish the relationship between the XT-, Apatoe-, 
Avanavero- and Kayser and Rosebel dolerite (Roma dolerite (13, 18) and Koemboe (11). 

In the diagram (Figure 38) between TiO2 and K2O, the XT dolerite shows affinities with the 

Avanavero. 

 The TiO2 -Al2O3 diagram in  

Figure 39 is chosen based on the immobility of the Ti and Al element in basaltic rocks. These 

element are good indicator to determine the character the different basalt (Hugh, R, 1993). The 

southern samples (XT1, XT2 and XT3) plots with the high TiO2 Avanavero -and Apatoe dolerite 

samples while northern group (XT4, XT5, XT6) and Rosebel dolerite (Roma ad Koemboe) plots 

near the low TiO2 Avanavero dolerite.  
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Figure 39 TiO2- Al2O3 bivariate diagram to distinguish the relationship between the XT-, Apatoe-, 
Avanavero- and Kayser and Rosebel dolerite (Roma dolerite (13, 18) and Koemboe (11).

 

Figure 40.  Zr- K2O bivariate diagram to distinguish the relationship between between the XT-, Apatoe-, 
Avanavero- and Kayser and Rosebel dolerite (Roma dolerite (13, 18) and Koemboe (11). 
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The Zr-K2O discrimination diagram (Figure 40) clearly shows that XT dolerite has positive trend, 

corresponding with geochemical characteristics of the Avanavero dolerite. Also the Koemboe 

dolerite plots in the same trend while the Roma plots near the Apatoe dolerite. 

  
Figure 41.  Sr vs K/Sr bivariate diagram to distinguish the relationship between between between the 
XT-, Apatoe-, Avanavero- and Kayser and Rosebel dolerite (Roma dolerite (13, 18) and Koemboe (11). 

 

In this diagram (Figure 41), the southern group plots near the Avanavero dolerite while 

northern plot near the Apatoe dolerite. The Rosebel dolerite is trending totally different from 

the other dolerite with high Sr values. 

In the Harker diagram Figure 42 diagram, it is clearly seen that the northern samples (XT4, XT5 

and XT6) cluster together, indicating a separate group then the southern (XT1, XT2 and XT3) 

samples. The large spread in values between XT1, 2 and 3 may be related to the much lower 

phenocryst/groundmass ratio in the narrow XT3 dykes.   
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  Figure 42 Harker diagram of the XT dolerite sample in the Saramacca River. 
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LA-ICP-MS analyses 

Also Laser Ablation-Inductively Coupled Plasma results (Table 4) are used to analyze the trace elements in the rock. 

Table 4 LA –ICP-MS data of XT dolerites of the Saramacca River.  

Element XT4A XT3C XT1A XT1B XT2A XT3A XT3B XT3C XT5 XT6A 

Si29 246340.53 232925 216377.66 217359.28 220210.67 231803.17 231803.16 232925.06 246574.25 246667.8 

Ca43 105590.53 93450.66 106229.03 109058.32 98880.62 95285.305 98973.11 85085.15 95939.31 109744.1 

Sc45 44.34 44.97 43.09 43.065 41.07 45.035 44.95 42.07 40 42.52 

Ti49 8253.85 23929.03 14931.93 14974.60 9003.58 23829.105 23347.15 22024.01 7773.72 7923.43 

V51 307.34 491.29 333.82 340.61 312.23 506.15 491.80 477.28 300.93 295.41 

Cr52 39.23 80.15 210.1 212.95 81.42 84.995 81.90 96.06 33.90 36.79 

Mn55 1350.07 1432.32 1868.20 1933.63 1591.78 1561.71 1385.12 1548.27 1686.4 1307.49 

Cu63 140.02 99.2 56.27 94.06 263.96 127.925 96 20750.04 151.23 153.51 

Zn66 132.02 87.17 129 243.21 124.81 176.885 141.83 94422.86 140.73 215.21 

Ga69 35.585 35.52 34.84 29.43 25.11 38.82 37.14 43.68 42.09 38.72 

As75 7.01 8.06 6.69 5.97 7.16 9.525 10.01 19.09 6.20 8.13 

Rb85 39.19 38.74 99.15 21.61 36.77 38.025 37.6 34.11 50.84 43.40 

Sr88 391.38 276.53 282.27 252.53 345.15 288.455 272.57 263.86 381.92 401.47 

Y89 35.32 50.14 33.55 32.63 19.48 45.035 44.25 46.67 28.67 28.59 

Zr90 138.185 213.88 120.67 119.58 63.47 211.18 214.56 205.91 141.9 142.36 

Nb93 5.525 9.475 5.21 5.41 2.24 9.205 9.09 9.925 6.63 5.71 

Cs133 1.12 0.57 3.635 1.74 1.95 0.5005 0.756 0.453 1.91 1.08 

Ba137 536.71 527.07 474.35 344.28 239.24 585.15 510.63 507.09 840.55 603.45 

La139 27.65 35.23 18.61 18.23 7.68 35.245 34.01 33.89 24.77 25.45 

Ce140 50.76 68.61 38.32 36.97 15.89 71.345 68.84 68.16 50.94 51.98 

Pr141 6.66 8.45 4.86 4.84 2.305 8.92 8.415 8.17 6.20 6.55 

Nd146 30.78 36.45 22.29 21.74 10.37 37.07 36.36 37.20 27.56 27.27 

Sm147 6.65 8.29 5.11 5.03 2.61 7.41 7.77 7.74 5.55 6.22 
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Element XT4A XT3C XT1A XT1B XT2A XT3A XT3B XT3C XT5 XT6A 

Eu 1.93 2.22 1.66 1.65 1.20 2.1175 2.26 2.16 1.45 1.60 

Gd157 6.23 7.92 6.61 5.33 3.88 8 7.64 8.61 5.03 6.17 

Tb159 0.93 1.24 1.16 0.82 0.52 1.19 1.22 0.95 0.86 0.71 

Dy163 5.93 8.05 6.11 6.17 4.12 8.25 8.54 8.43 4.82 5.29 

Ho165 1.17 1.61 1.16 1.14 0.78 1.60 1.64 1.57 0.94 1.05 

Er166 2.96 4.61 3.06 3.31 1.99 4.46 4.75 5.08 3.67 2.95 

Yb172 3.27 4.13 3.24 3.26 2.05 4.07 4.29 4.03 2.9 2.71 

Lu175 0.57 0.69 0.50 0.55 0.31 0.62 0.65 0.59 0.45 0.46 

Hf178 3.62 5.87 3.47 3.50 1.84 5.96 6.01 5.42 3.58 4.12 

Ta181 2.5 2.98 4.21 2.78 3.97 4.17 2.84 2.90 2.66 3.08 

Pb208 7.25 8.08 5.15 4.4 3.92 10.03 8.69 23.55 7.87 7.55 

Th232 3.83 4.71 1.04 0.93 0.58 4.76 4.78 4.58 3.75 3.98 

U238 0.90 0.49 0.11 0.11 0.12 0 0.48 0.43 1.09 0.87 
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The rare element concentrations (REE) La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, and Lu were 

normalized to chondrite and were plotted in  Figure 43. The XT2A is separately beneath the 

other samples and is the only sample with a positive Eu- and negative Sr trend. The 

geochemical differences in the XT3a samples are probably caused by the rapid cooling in the 

chilled margin, which lead to a differentiation in the dolerite dykes in the same area.  

 Table 5 shows the differences of the northern and southern dolerite group. 

  

Northern Group (XT4,5,6) Southern (XT1,2.3) 

Theoleiitic: low U  and high Rb, Nb, Th Theoleiitic: lowTh,Ce 
 &high Rb, Nb  
And XT2 high Ce 

La(n)/Yb(n)=5.73-6.36 
LREE=1.45-51.96 
HREE=0.45- 5.93 
Negative (neg) EU anomalies 

La(n)/Yb(n)=2.53-5.85 
LREE=1.20-1.36 
HREE=0.3 -8.54 
Negative EU anomalies except for  XT2 which has a 
positive(pos)  anomalies 

Spider diagram: Sr pos Spider diagram: Sr pos except for XT2 which is neg 
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 Figure 43 REE diagram, normalized to Chondrite for the XT samples. 

 
 

 
Figure 44. Spider diagram, normalized to chondrite for the XT dolerite with the normalized MORB, OIB, 
Upper crust and lower crust by McDonough et al., 1992. 

In the spider diagram from Figure 45, all XT dolerite samples plot close to the MORB tectonic 

setting with exception of the first REE element. This is probably because the Cs, Rb and Ba 

element are mobile and can easy be depleted or enriched. Overall the XT samples are 
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tectonically similar to each other with some increasing and decreasing of elements.  This 

tectonic MORB setting is also verified in Figure 45.  

 

 

Figure 45 Zr/Y- Zr variation logarithmic diagram for basalt rock with the following tectonic settings: 
volcanic arc basalt (A); MORB (B); within plate basalts (C), MORB and volcanic arc basalt (D; MORB and 
within basalts (E) (after Pearce and Norry, 1979). 

  

B 

A 

C 

E 

D 
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5.0 Discussion 

The XT dolerite could both belong to the Avanavero dolerite as well as the Apatoe dolerite 

based on the area and orientation.  

The petrographical data divide the samples into two groups, the southern “altered” samples 

and the northern “fresher” samples. The altered samples have an ophitic to porphyritic texture 

with the following predominant fine to medium grained minerals: plagioclase, amphibole 

(uralite?), chlorite and accessory minerals such as clay and opaque mineral (pyrite/magnetite). 

Calcite is also seen in the XT2a sample. Throughout these samples, albite veins and alteration 

of amphibole to chlorite and plagioclase to sericite were observed. The northern samples have 

an ophitic to sub ophitic texture with medium to coarse grains with the following predominant 

minerals: plagioclase, pigeonite with poly twinning and accessory mineral such as amphibole 

opaque minerals, granophyre, epidote, and biotite.  

The Apatoe dolerite is described as the pigeonite dolerite containing pigeonite and rarely 

olivine whereas the Avanavero two types of pyroxene augite and orthopyroxene are present. 

The two samples of the Roma dolerite contain mainly plagioclase, clinopyroxene and sample 18 

also has olivine (Ramlal, 2018). Koemboe dolerite is altered into a very fine grained groundmass 

of albite, chlorite, and opaque minerals. The groundmass contains some carbonate and clusters 

of sericite/phlogopite, muscovite (Ramlal, 2018).Petrographically the northern samples from XT 

dolerite could belong to the Apatoe dolerite and the Roma sample could also belong to the 

Apatoe dolerite while the Koemboe show affinity for the XT southern samples dolerites. 

After geochemical analyses the following is noticed. Both groups (northern and southern) 

samples are tholeiitic basalt. The southern ones have a basaltic composition whereas the 

northern ones have a basaltic andesite composition. The diagram TiO2 vs K2O and Zr vs K2O 

bivariate diagram shows that both groups correlates positive with the Avanavero. In the TiO2 vs 

Al2O3   diagram, the southern dolerite groups correlates with the high TiO2 Avanavero and 

Apatoe dolerite while the northern plots with the low TiO2   Avanavero dolerites. The Sr- K/Sr 

bivariate diagram plots the northern ones with the Apatoe while the southern ones plots with 

the Avanavero dolerite. In the Harker diagram, a clear cluster forming is seen for the northern 
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group, indicating the same suite while the southern group are still scattered from each other.   

All XT dolerite (southern and northern samples) plots in MORB tectonic setting but XT2a also 

has volcanic arc basalts influence. No clear distinction could be made to which known group 

this dolerite belong but most of the data points to the Avanavero group. 

The Roma dolerite plots in the basalt section, the Koemboe plots in basaltic trachy-andesite 

section. Clearly dividing these 2 dolerite from each other (Ramlal, 2018). The Roma dolerite has 

low Ti, Zr, P and K levels, lower than most Apatoe, Avanavero and Kayser samples and the Sr 

level is higher than most Apatoe and Avanavero samples but lower than the Kayser samples. 

The Koemboe dolerite plots everywhere and has the lowest iron content of all (Ramlal, 

2018).The Roma dolerite plots as Island Arc Basalt while the Koemboe dolerite plots as Calc-

Alkali Basalt given in the tectonomagmatic discrimination diagram (Figure 44) of Pearce and 

Cann, 1973 ( (Ramlal, 2018). The dolerite of Roma and the Koemboe were also compared 

chemically while describe as belonging to the Apatoe dolerite by Ramlal, the final conclusion 

cannot be taken. It show both Avanavero and Apatoe characteristics which certainly can be a 

new dolerite suite (Ramlal, 2018). 
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In Table 6, the different dolerite suites are compares to each other based on the information from the reports and analyses in this 

thesis. 

Table 6. Dolerite comparison table of the XT-,Avavero-,Kayser- and Apatoe dolerite. 

 characteristics Northern XT 
dolerite 

Southern XT dolerite Avanavero dolerite 
  

Kayser dolerite Apatoe dolerite 

Orientation NE- SW NE- SW NE-SW NW-SE N-S and N-W/ N-E  

Age No data No data 1794.5 +/- 1.6 Ma 1505+/- 5 Ma 196 +/-1.7 Ma 

Length  unknown  unknown 100 km 300 km 300km 

petrography Medium–coarse 
grained 

Fine grained   *Fine to medium grained 
of greenish-grey color due 
to the abundance of  
(commonly fresh) olivine. 

  

Source MORB 
 

MORB  LIP of continental 
scale 

 Unknown Jurassic Central 
Atlantic magmatic 
Province 

Thickness 3 cm- 2 m 3 cm- 2 m 50m - 1 km narrow <50 m wide. 50 m 

Cut through XT3 samples cut 
through Biotite 
granites 

unknown All formations   transects basin in 
large parts of the 
country 

Form of 
bodies 

 Small dykes Irregular sills straight dykes Dykes swarms crosses 
river, parallel laterite 
capped ridges. 

Location Saramacca River Saramacca River Kabalebo area (mid 
of Suriname). 
Venezuela, Guyana 
& Brazil 

South west Suriname 
stretching from 300 km 
from Sipaliwini through 
Kayser mountain to 
Kabalebo and Corantijn 
area 

Marowijne Rivier , 
guyana & venezuela 
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Characterized Pigeonite as the 
only pyroxene 
and plagioclase. 

secondary 
amphiboles (uralite) 
and plagioclase 

2 types of 
pyroxene:  
Ca rich Augite ( Ca) 
(Mg, Fe, Al, Ti) (Si, 
Al2)O6 
Ca poor pigeonite 
(Ca, Mg, Fe) (Mg, 
Fe) Si2O6 

Fresh olivine titaniferous 
Augite, biotite, minor 
kaersuite as mafic 
minerals. Kaersuite: 
titanium rich (with up to 6 
weight % TiO2 calcic 
Amphibole (NaCa2 
(Mg3Ti4+ Al)(Si6Al2) 
O22(OH)2  

Pigeonite dolerite: -
rarely olivine, no 
orthopyroxene, fresh 
rock 

Origin Tholeiitic: low U 
&high Rb, Nb, Th 

Tholeiitic: lowTh,Ce 
 &high Rb, Nb  
And XT2 high Ce 

Tholeiitic basalt: 
high (Cs, Rb, Ba,K) 
& Low (Nb) 

Alkalibasaltic : Na2O +K2O 
(4.5-6.5%) at SiO2(43.5%) 

Fe-rich tholeiitics: high 
Zr & intermediate: Sr 
and Ti, 

REE patterns La(n)/Yb(n)=5.73-
6.36 
LREE=1.45-51.96 
HREE=0.45- 5.93 
Negative (neg) EU 
anomalies 

La(n)/Yb(n)=2.53-
5.85; LREE=1.20-1.36 
HREE=0.3 -8.54 
Negative EU 
anomalies except for  
XT2 which has a 
positive(pos)  
anomalies 

LREE=20-70  
HREE =7-17 
Neg EU anomalies 

La (n)/ Ybn= 6.9-8.2 Lan/Ybn=1.49-5.09  
No Eu 

Diagram Spider diagram: 
Sr pos 

Spider diagram: Sr 
pos except for XT2 
which is neg 

    Spider diagram: Sr: 
pos & Ti: pos (slight) 

Magnetic 
event 

Unknown Unknown Lithospheric mantle: 
modified with crystal 
contamination 
and/or by variable 
enrichment with slab 
fluids or melt or melt 
from oceanic 
lithosphere 

No event around period but 
possible  anorogenic 
grantoids of this age were 
intruded into the NW-SW 
trending zone along with 
Kayser dolerite dykes 

CAMP; Mantle with 
little crustal 
contamination 
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6.0 Conclusion 

• Petrographically there are two groups of dykes namely; the altered ones from the three 

southern outcrops consisting mainly of secondary amphiboles (uralite) and plagioclase, 

and fresh dolerites from the three northern outcrops with pigeonite as the only 

pyroxene.  

• Geochemically the southern dykes plot as basalts whereas the northern ones as basaltic 

andesite.  

• All show tholeiïtic MORB-like geochemistry.  

• The southern, altered group of samples shows a considerable spread in major and minor 

elements, probably due to the fact that part of them are very narrow dykes and chilled 

margins with strongly varying phenocryst/groundmass ratios. The northern ones always 

plot closely together and are distinguished by higher SiO2, Na2O and lower Fe2O3, TiO2 

and Cr in comparison to southern ones. 

•  Based on different bivariant element plots both groups show affinity to Avanavero and 

Apatoe dolerite. Neither group can be firmly attributed to the existing suites.  

• The southern group might still belong to the Avanavero suite because of its alteration 

and hence older age, wheras the northern group is fresh and therefore more similar to 

Apatoe, but the NE-SW dykes intersect the well-known large N-S running Apatoe dykes. 

Dating is needed to confirm whether this is indeed a new dolerite suite. 

• It is not clear whether the Roma dolerite belongs to the Apatoe dolerite or 

Avanavero because geochemically it is scattered in most variation diagrams. This 

could indicate a new suite. The Koemboe dolerite can belong to the XT southern 

group based on petrography but geochemically is also plots in both Avanvero and 

Apatoe dolerite ranges. There is no evidence that these dolerite found in the 

Rosebel area belong to a new suite. 
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7.0 Recommendations 

• Age dating of dolerite of the Saramacca River should be done to get the exact age of the 

dolerite.  

• Another analytic method could give a clearer understanding of the dolerite. This method 

is the analytic Electron-microprobe observations method which results in an accurate 

pyroxene division which can be plotted in the end member plot for the XT dolerite. 

• The aeromagnetic data shows that there are more dolerite dykes crossing the 

Saramacca River. This was also mapped by d’Audretsch. The quantity of data will also 

gave an clearer understanding of the dolerite in the Saramacca area. 

• The knowledge of dolerite dyke is the key to understanding geodynamic processes in 

the Guiana shield which can be economical beneficial.   
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Appendices 

Appendix 1 Chemical analyses of the Apatoe dolerite (Marzoli, 1999)
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Appendix 2 chemical analyses of Avanavero dolerite (Reis, 2013) 
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Appendix 3  chemical analyses of Rosebel dolerite (Ramlal, 2018) 

  



70 
 

Appendix 4 chemical analyses of the Kayserdolerite (Roever, 2003)  
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