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Abstract 

 
The rock types of the Papatam quarry in Albina are very complex. They include garnet-bearing 

granites with dark xenoliths and pegmatite veins with different structures. This research describes 

the petrography and metamorphic history of these rocks. For this research, a field trip was 

conducted and samples were obtained from the quarry. Moreover, thin sections of older diamond 

drill cores from the area were studied. 

The aim of this research is to provide a better description of the Papatam rock quarry by using 

petrographic analyses and to find out to which range of rock units they belong. A comparison will 

be made with three (3) rock types: Bigi Ston rocks, the Sara’s Lust Gneiss, and sample KG1006 

from the report by Jeroen Goumans (2019). The results show that the Papatam rocks are garnet- 

bearing rocks belonging to the TTG unit due to the anti-perthitic textures, the gneissic structure, 

and the disappearance of muscovite, indicating high-grade metamorphism. It shows that both the 

Papatam rocks and Bigi Ston rocks are part of the TTG unit, but the Papatam rocks differ 

geochemically and in mineralization compared to the Sara’s Lust Gneiss. What’s also very 

interesting is the occurrence of calcite in the xenolith, which indicates a calcareous sediment 

accumulation. Geochemical analyses are not part of my research. Thus, this report can serve as a 

basis for further Master research. 
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1. Introduction 
The Papatam quarry is a mine situated in Albina, which is exploited by the company NV Nedal. 

The company has provided Albina with crushed stones for the past 20 years. Not only does this 

area have an economical value, but it is also very interesting and complex in terms of geology. The 

Papatam quarry shows many different rock types, in which age, mineralogy, and geochemistry play 

an important role. The Papatam quarry was first explored in 1957 by Vinckers (1957) including a 

drilling program and a topographic survey of the terrain. Other researchers (Goumans, 2019; de 

Munck, 1954) have different opinions about the rock types that occur in the quarry, which makes 

it a very interesting subject. 

According to the map of de Munck (1954), the area consists of two-mica schists (biotite and 

muscovite) and according to the recent Geological Map of Suriname (Kroonenberg, et al., 2016), 

it is related to a rock unit called the Sara’s Lust Gneiss. Another researcher named Jeroen Goumans 

(2019) has a different opinion and states that the Papatam rock types differ in both age as well as 

geochemistry, therefore it belongs to the TTG rock types (Tonalite-Trondhjemite-Granodiorite). 

The TTG rock types are intrusive rocks with a granitoid composition, that occur together and have 

similar petrographic processes. Goumans (2019) analyzed a sample named KG1006, which 

contained biotite as a mafic mineral. Due to its mineralogy, it is best called a trondhjemite. A 

trondhjemite is a granitoid rock that consists mainly of feldspar (plagioclase), quartz, and biotite. 

(Goumans, 2019) 

1.2 Problem Statement 

“The rock types which occur in the Papatam quarry appear to differ in age as well as geochemistry 

with the Sara’s Lust gneisses according to research sample KG1006 that was analyzed in Utrecht 

by Jeroen Goumans. (Goumans, 2019) Age dating of this sample indicates an age of 2.17 Ga, while 

the Sara’s Lust gneisses indicate an age of 2.08 Ga.” 

To give a better description of this, the following research questions are asked; 

• What is the relation between the Bigi Ston rock types, the Sara’s Lust gneisses, and the rock 

types of Papatam? 

• Are the Papatam rock units a new unit or/and do they belong to the TTG rock units? 

This research aims to provide a better description of the Papatam rock quarry by using petrographic 

analyses and to determine the range of rock types they belong to. This research is relevant because 

the area was described in 1957 and the main focus at that time was mostly on the drilling program 

and the topography of the area to open a quarry for crushed stone. Whereas this research will focus 

on the petrographic properties of the rock types, it will also try to find out whether the rock types 

of Papatam are related to the Sara’s Lust Gneiss. 
 

1.3 Structure of the report 

This report is divided into chapters that lead to answering the research questions. In chapter 2 an 

introduction is given of the research area and the geological setting of the TTG’s and the Sara’s 

Lust unit of the Marowijne Greenstone Belt. Chapter 3 summarizes the methods and techniques 

conducted on the samples. In chapter 4, the results are presented in form of tables and diagrams 

with a description followed by discussions in chapter 5. The concluding remarks and an approach 

for further research will be presented in chapter 6 and 7. 
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2. Theory 
To get a better understanding of the subject and the different hypotheses of the researchers Vinckers 

(1957), Goumans (2019), and de Munck (1954), the formation of the different rock types will be 

discussed briefly. 

There are three types of rock; 

• Igneous rocks: which form when molten rock (magma or lava) cools and solidifies. These 

can be intrusive (crystallize beneath the earth’s surface) or extrusive (erupting on the 

surface). 

• Sedimentary rocks: which form when particles settle out of water or air, or by precipitation 

of minerals from water. These can be clastic, organic, or chemical. 

• Metamorphic rocks: which form due to exposure to chemical processes, heat, pressure, or 

reactive fluids. These can be foliated or non-foliated. (Mibei, 2014; Monsels, 2013) 

In the following paragraphs the main focus will be on the intrusive igneous rock types (pegmatite 

and granite) and the foliated metamorphic rock types (gneiss and schists). As additional information 

to the petrography, the Bowens reaction will be shortly explained, due to the minerals present in 

the rock types. 
 

2.1 Igneous Rocks 

Granite is a coarse-grained, plutonic rock composed mainly of feldspar and quartz with fewer 

amounts of mica and amphibole. The quartz makes up to 10 and 50 percent of the felsic components 

and alkali feldspar accounts for 65 to 90 percent of the total feldspar content. Other terms are alkali 

granites, granodiorites, pegmatites, or aplites. These terms are based upon mineral composition and 

a petrologist might call these granitoid rocks rather than granites. (www.geology.com) 

The chemical abundance and the rate of cooling of magma typically form a sequence known as 

Bowen's reaction series, after the Canadian petrologist Norman L. Bowen. The Bowens reaction 

series explain sequences of crustal formation. The Bowens series is important because it forms a 

basis for explaining igneous minerals and textures. (Mibei, 2014) 

. 
 

Figure 1. The accompanying chart illustrates the range of granite compositions 

(www.geology.com) 

https://www.amnh.org/exhibitions/permanent/planet-earth/how-do-we-read-the-rocks/three-types/igneous
https://www.amnh.org/exhibitions/permanent/planet-earth/how-do-we-read-the-rocks/three-types/sedimentary
https://geology.com/rocks/pegmatite.shtml
http://www.geology.com/
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Figure 2. Schematic image of Bowen’s reaction series (Mibei, 2014) 

 

Bowen determined that specific minerals form at specific temperatures as magma cools. At the 

higher temperatures, the general process can be separated into two series. The continuous series 

describes the evolution of the plagioclase feldspars from calcium-rich to more sodium-rich. The 

discontinuous series describes the formation of mafic minerals such as olivine, pyroxene, 

amphibole, and biotite mica. At lower temperatures, the branches join and we obtain the minerals 

common to the felsic rocks (orthoclase feldspar, muscovite mica, and quartz). 

(www.geologyin.com) 

 

2.1.1 The Granite Types 

It is obvious by now that a variety of granitic rocks develop in several different tectonic settings, 

including the following: 

1. Granophyric plagio-granite in ophiolite sequences appear to have formed in arc settings. 

2. Granophyre in differentiated basalt sills and layered intrusions, both likely associated with 

mantle plumes. 

3. Diorite differentiates in island arcs. 

4. Granodiorite and lesser associated gabbro, tonalite, granite, and dioritic rock in huge batholiths 

of continental arcs. Both I- and S-types are represented. 

5. S-type leucogranite in continent-continent collision zones 

6. A-type granite and syenite in anorogenic regimes are especially significant in the mid- 

Proterozoic. 

7. A chiefly Archean association of tonalite-trondhjemite-granodiorite and generally younger 

Archean and Proterozoic granitic rocks (Best, 2003) 

 

The first three occurrences have only minor volumes of granitic rock, but locally large volumes of 

leucogranite occur in continent-continent collision zones. The largest volumes of granitic rock are 

found in continental arcs and the Precambrian occurrences. In addition to the tectonic setting, 

granites have been categorized to: 

1. Time of emplacement relative to regional deformation or tectonism (pre-, syn-, and post- 

tectonic) 

2. Several chemical and isotopic attributes 

3. Modal composition (leucogranite, granite, granodiorite, and so on) 

4. Fabric related to the degree of water saturation (hypersolvus and subsolidus) or other special 

conditions of magma evolution (porphyry, rapakivi) 

5. Mechanism of ascent through the crust (diapir versus dike) 

6. Depth of final crystallization (for example, stabilized epidote at high P) 

7. Source (S- and I-type) and degree of crustal contamination (Best, 2003) 

http://jersey.uoregon.edu/~mstrick/AskGeoMan/geoQuerry34.html
http://jersey.uoregon.edu/~mstrick/AskGeoMan/geoQuerry11.html
http://jersey.uoregon.edu/~mstrick/AskGeoMan/geoQuerry34.html
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2.1.2 Pegmatite 

Pegmatites are special igneous rocks containing large crystals and rare minerals that form during 

the final stage of a magma’s crystallization. This usually occurs along the margin of a batholith1. 

They can also form in fractures that develop on these margins. For a rock to be called a pegmatite 

it should consist of crystals that are at least one centimeter in diameter. Most pegmatites have a 

granitic composition and are called pegmatite granite. Pegmatites are also sources of rareminerals 

such as spodumene (an ore of lithium) and beryl (an ore of beryllium) that are rarely found in other 

types of rocks. (www.geology.com) 

 

2.2 Metamorphic Rocks 
 

2.2.1 Schists 

Schist is a foliated metamorphic rock made up of plate-shaped mineral grains that are large. It 

usually forms on a continental side of a convergent plate boundary where sedimentary rocks, such 

as shales and mudstones, have been subjected to compressive forces, heat, and chemical activity. 

This metamorphic environment is intense enough to convert the clay minerals of the sedimentary 

rocks into platy metamorphic minerals such as muscovite, biotite, and chlorite. 

(www.geology.com) 

 

A rock does not need a specific mineral composition to be called schist. It only needs to contain 

enough platy metamorphic minerals in alignment to exhibit distinct foliation. This texture allows 

the rock to be broken into thin slabs along the alignment direction of the platy mineral grains. This 

type of foliation is known as schistosity. (www.geology.com) 

 

2.2.2 Gneiss 

Gneiss is a high-grade, foliated, or banded metamorphic rock which usually forms by regional 

metamorphism at convergent plate boundaries. The mineral grains are recrystallized under intense 

heat and pressure, which results in the increased size of minerals and the segregation of bands. 

These bands contain minerals with an interlocking texture, platy, or elongate minerals with 

evidence of preferred orientation. Gneiss can form in many different ways. The most common path 

begins with shale, which is a sedimentary rock. Regional metamorphism can transform shale into 

slate, then phyllite, then schist, and finally into gneiss. During this transformation, clay particles in 

shale transform into micas and increase in size. Finally, the platy micas begin to recrystallize into 

granular minerals. (www.geology.com) 
 

Figure 3. The transition of the shale into a high-grade gneiss (www.geologyin.com) 

 

 
1 Large mass of intrusive igneous rock solidified deep within earth 

https://geology.com/rocks/igneous-rocks.shtml
https://geology.com/minerals/spodumene.shtml
https://geology.com/minerals/beryl.shtml
https://geology.com/usgs/beryllium/
https://geology.com/rocks/metamorphic-rocks.shtml
https://geology.com/nsta/convergent-plate-boundaries.shtml
https://geology.com/rocks/sedimentary-rocks.shtml
https://geology.com/rocks/shale.shtml
https://geology.com/minerals/
https://geology.com/minerals/muscovite.shtml
https://geology.com/minerals/biotite.shtml
https://geology.com/minerals/chlorite.shtml
https://geology.com/rocks/metamorphic-rocks.shtml
https://geology.com/rocks/shale.shtml
https://geology.com/rocks/sedimentary-rocks.shtml
https://geology.com/rocks/slate.shtml
https://geology.com/rocks/phyllite.shtml
https://geology.com/rocks/schist.shtml
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Intense heat and pressure can also metamorphose granite into a banded rock known as granite 

gneiss. This transformation is usually more of a structural change than a mineralogical 

transformation. Granite gneiss can also form through the metamorphism of sedimentary rocks. The 

end product of their metamorphism is a banded rock with a mineralogical composition like granite. 
 
 

Figure 4. The difference in a granite and granite gneiss shown in the image 

(www.geology.com) 

https://geology.com/rocks/granite.shtml
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2.3 Geological Setting 

2.3.1 Regional Geology 

The Guiana Shield (Figure 5), with an area of about 1.5 million km², was one of the major 

Precambrian terranes of western Gondwanaland. Located on the northern edge of the Amazonian 

Basin, it is almost entirely covered by tropical rainforest and, consequently, is poorly constrained 

from a geological standpoint. Archean protoliths have been reported at its edges both to the west 

and to the east (central and southwestern Amapá and northwestern). (Delor, et al., 2001) 
 

Figure 5. Map of the Guiana Shield (Kroonenberg, et al., 2016) 

 

2.3.2 Geology of Suriname 

The Proterozoic Basement of Suriname consists of 3 metamorphic belts; the low-grade Marowijne 

Greenstone Belt in the northeast, the high-grade Bakhuis granulite belt, and the Coeroeni gneiss 

belt in the northwest. From previous research, it is known that the rock types of Papatam occur in 

the Marowijne Greenstone Belt and it will be discussed in more detail (Vinckers, 1957). 
 

2.3.3 Marowijne Greenstone Belt. 

The oldest rocks in Suriname form the Marowijne Greenstone Belt. It consists mainly of 

metamorphosed volcanic, sedimentary rocks and large intrusions of igneous rocks further classified 

into formations such as: 

• the Paramaka Formation, composed of mafic volcanic rocks including pillow lavas 

• the Armina Formation, comprising meta-greywackes and phyllites representing meta- 

turbidites 

• the Rosebel Formation, overlying the Paramaka and Armina Formation and consisting of 

meta-conglomerates and meta-arenites 

• the Bemau Ultramafitite which is composed of minimally two generations of mafic to 

ultramafic plutons 

• TTG and granite plutons that have intruded the Paramaka and Armina formation. 

(Goumans, 2019) 
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Figure 6. Updated Geological Map of Suriname with the rock units. (Kroonenberg, et al., 2016) 

 

2.4 Geology of Papatam 

The Papatam quarry is situated near the Suriname shore of the Marowijne River, approximately 

2.5 kilometers south of Albina. The area consists mainly of various granites (Vinckers, 1958), and 

these lie beneath many flat hills that stand out above the old river terrace. The height of this area 

coincides with the highest water level of the Marowijne River. The basement consists of biotite 

granites to biotite granodiorite, which has undergone regional metamorphism. Part of the granite is 

covered with the old alluvial material of the Marowijne River. (Vinckers, 1957) 
 

Figure 7. The research area of Papatam during the 1958 exploration campaign (Vinckers, 1957) 
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According to De Munck (1954) the south-western part of the shore of the Marowijne River (Figure 

8), not far from Bigi Ston, consists of strongly weathered schists and phyllites from the Bonnidoro 

series, which are very accessible. The subdivision of the Bonnidoro series (now called Armina 

Formation) by Schols (de Munck, 1954) is as follows: 

• The Taffra group: consisting of staurolite-garnet-biotite schists 

• The Maӓbo group: consisting of phyllites and biotite schists 

 

The granites occur in the northern part and continue in a northern and western direction. The granite 

rich area is poorly accessible and usually strongly weathered compared to the Armina Formation. 

These granites have a gneissic character and they have a weak parallel orientation, according to Du 

Bois and IJzerman (de Munck, 1954). 

 

According to Wong et al. (2017), the granites with a gneissic character, which can be related to the 

high-grade metamorphic rocks occur on both the southwestern and northern side of the Marowijne 

Greenstone Belt. These are the Sara’s Lust gneisses and they have formed together with the Gran 

Rio granite and the Pikien Rio granite 2.08 Ga years ago. 
 
 

Figure 8. Bigi Ston Map of the Munck on scale 1:40.000 from the Geological Mining Department. (de Munck, 1954) 
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2.5 Sara’s Lust Gneiss and old granites 

Along both its northern and southwestern flank, the Greenstone Belt is bordered by a zone of high- 

grade metamorphic, often migmatitic gneisses and amphibolites. Outside the Greenstone Belt, 

many mappable enclaves of similar rocks occur, in the vast expanses occupied by the Older 

Granites in central Suriname. These rocks are called the Sara’s Lust Gneiss, which are named after 

the crushed rock quarry at the old plantation along the Suriname River. On the 1977 map, these 

rocks received the same signature as the high-grade rocks in the Coeroeni area, because of their 

relation with the greenstone belt they preferably go by their name. (Kroonenberg, et al., 2016) 

The rocks in the northern segment of the belt are predominantly migmatitic hornblende–biotite 

gneisses, biotite– plagioclase gneisses, garnet–biotite gneisses and quartz feldspathic gneisses, with 

minor amphibolites, locally with garnet or clinopyroxene, and pelitic sillimanite–biotite– 

muscovite gneisses and calcsilicate rocks, clearly of supra-crustal origin. 

Metamorphism is mainly in the higher amphibolite facies. The gneisses in the northern belt are not 

simply the higher-grade equivalents of the adjacent Taffra Schists, because the latter are mainly 

pelitic, whereas the Sara’s Lust Gneiss is mostly tonalitic in composition. They might, however, be 

the high-grade metamorphic equivalents of the Paramaka meta-andesites and related rocks. 

(Kroonenberg, et al., 2016) 

Goumans (2019) studied the petrographical and geochemical data of the Sara’s Lust gneisses in the 

Suriname River. However, the only sample from Papatam he studied, KG1006 did not match the 

Sara’s Lust characteristics, and he concluded that it is probably a TTG type intrusive. 

 

 
2.6 The TTG plutonism 

Greenstone belts often contain many granitoid plutons and are regularly described as granite- 

greenstone terranes. The plutons compose a major part of the Proterozoic. Much of these ancient 

granitoids fall in the Tonalite-Trondhjemite-Granodiorite (TTG) suite (Condie, 1981). For a 

granitoid to be classified as a TTG, it must possess several geochemical characteristics, of which 

the most notable are high sodic content (Na content), relatively high Light Rare Earth Elements 

(LREE), and correspondingly low Heavy Rare Earth Elements (HREE) content. (Goumans, 2019) 

 

Rare earth elements (REEs) are a mostly coherent group of elements that can be especially useful 

in testing petrogenetic hypotheses. Two properties of REEs make them especially useful as 

petrogenetic indicators: They are generally insolvable in fluids; hence, they are useful in altered or 

weathered rocks. (Goumans, 2019) 
 

 
 

Figure 9. Picture of the HREE and LREE elements in the periodic table. (www.periodni.com) 
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The REE data from the Sara’s Lust gneisses have been studied by Goumans, but the REE profile 

of the Papatam sample KG 1006 is different from those of Sara’s Lust. 
 

 
 

Figure 10. REE profile of the Papatam sample KG1006 (Goumans, 2019) 
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3. Methodology 

3.1 Research design 

This research consisted of reviewing data from existing reports, to have a better idea of the rock 

quarry. New material was also collected for thin section production. For this research, fieldwork 

was conducted, where professor Kroonenberg, Mr. Bernard Paansa (former main Head of 

exploration of the GMD), and a geologist of the GMD were present for guidance and possible 

explanation. In addition to the fieldwork, the drill cores of the investigated area in 1957 and the 

thin sections of the GMD were also examined. 
 

3.2 Literature study and previous work 

During the first period of this research, time was spent on reviewing previous work and reports 

from 1958. This consisted of gathering information and analyzing previous drill cores and thin 

sections. The results of previous work will be presented in chapter 4 for further comparison. 
 

3.3 Fieldwork and sampling 

To get a better description of the quarry, fieldwork was conducted. The purpose of this excursion 

was to gather new samples of the quarry. The samples were collected from area 1 and area 2 (as 

shown in (Figure 12) for petrographic analyses. 
 

 
 

Figure 11. Location map of Papatam (Vinckers, 1957) 
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Figure 12. Satellite image of Papatam showing the sample areas 

 

 

3.4 Petrographic analyses 

A total of 13 samples were taken from the Papatam Quarry and five of them were taken to the 

Utrecht University laboratory for thin sections production. These thin sections were analyzed using 

the Leica light microscope at the Anton de Kom University. The petrographic description has been 

made for the texture and mineralogy. Six thin sections of Bigi Ston were also analyzed for 

comparison. This way the relationship between the Bigi Ston unit and the Papatam units can be 

found. 

 

 
3.5 Drill cores 

Some drill cores from the previous drilling program by Vinckers (1957), were also examined, to 

see if there was a difference in the rock types. Drill cores can reveal significant information about 

the rock type and characteristics of the study area. 



22  

4. Results 

4.1 Field observations 

The mine, which is located in the village Papatam Kondre, is 20 m deep and is located on the east 

side of the road to Papatam. Three areas have been visited, to have a better view of the rocks. The 

rocks of the first, second, and third area will be described in the same order as it was visited on the 

field day. From granites with a gneissic structure to slightly weathered granites. 

Due to previous mining activities such as blasting, the area consists of numerous boulders and 

fractures, which made it difficult to have a look at the structures from a closer angle. The water 

level in the area also made it difficult to give a better description of the fractures and structures of 

them. Most of the rocks were very solid, but some of them were weathered and had multiple colors. 
 

 
 

 

Figure 13. Overall view of the Papatam Kondre Mine, where there are many fractions and boulders due to 

previous mine activities 
 

Figure 14 a) A closer view of the Mine in Papatam Kondre, which consists of boulders and many fractures caused 

by the previous mining activities such as blasting. The overburden is removed. b) Two veins crosscutting each 

other. The yellow indicates the older vein. Red indicates a younger vein. 

 

 

The granite rock types in this area consist of quartz, mostly feldspar, garnet, and biotite minerals. 

The granite minerals are pink-reddish and are randomly orientated in the host rock. Most of them 

have large pegmatite veins and xenoliths are also visible in the rocks. These granite rock types 

show gneissic texture, suggesting a metamorphic overprint. Xenoliths are pieces or rocks that are 

trapped in igneous rocks and take on many shapes. Xenoliths are torn from the country-rock in 



23  

which the granite intruded. These bits and pieces become trapped in the magma, but they are not 

melting into it, thus forming xenoliths. (Kempton, 2001; Dostal, Dupuy, & Leyreloup, 1980) The 

edges of the xenoliths in Figure 17 are rich in garnet and biotite. They are often elongated in the 

main gneissic foliation direction of the rock. The rock has a gneissic foliation with a direction of N 

160  ̊W. 
 

 

Figure 15. Dark xenoliths oriented parallel to the gneissic foliation of the granite indicated by the position of the 

geological hammers. 

 

 

Figure 16. Large granite boulder with pegmatite vein which consists of biotite and feldspar minerals. Xenoliths 

are also present 
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Figure 17. a) Detail of xenoliths with biotite-rich rims. The biotite rims show preferred orientation and garnet b) 

Pegmatite with large biotite and feldspar crystals c) Granite rock with pegmatite zones and feldspar zones. 
 

 
Figure 18. Foliated medium-grained rock with a brown color due to oxidation of biotite 
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Figure 19. Area 2 of Papatam Quarry 

Area 2 consists of a few boulders which are more fine-grained, has more quartz which are better 

oriented, and less garnet (Figure 19). The water level is much higher than in Area 1 (Figure 13) 

This area has also more vegetation. 
 

 

Figure 20. Images of the westside of the Papatam area where there was evidence of Sheeting or exfoliation. 

 

 
 

Figure 21. Boulder with a pegmatite intrusion, xenolith, and granitic structure all in one. 
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Figure 22. Area 3: A view of the boulders which were placed along the road. 
 

Figure 22 presents the many boulders along the road and they have interesting structures. They also 

have a lot of similar characteristics to the rock types in Area 1. Most granite blocks have garnets 

and pegmatite intrusions, which means that they were transported from Area 1 (Figure 13) 

In Figure 23 a few of the boulders along the road are presented. From big pegmatite boulders to 

granite boulders with different shapes of xenoliths. There is also a quartz vein going through a 

round xenolith, which indicates that the vein is younger than the xenolith. This shows that this area 

is indeed very complex and has gone through many petrographic changes. 
 

Figure 23. a) Boulders that are under 1.60m in size and the different structures are given in b) granitic boulder 

with large garnet crystals and gneissic structure c) a round xenolith with garnets and biotite crystals. 
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4.2 Petrographic description 

Thirteen samples were sampled from the mine. Most of them contain the same mineral composition 

and structure, with few differences. The rocks will be described individually and will be grouped 

based on their mineral composition and texture. The Apatoe dolerite, which was also found in the 

area, will not be fully described, because it is not part of this research. The samples are grouped in 
Table 1 

 

 

Table 1. Samples taken from Papatam 
 

Sample 

ID 

Thin 

section 

Mineral 

composition 

Rock Description 

GV1 X  

 

 

 

 
 

Biotite, 

Garnet, 

Plagioclase 

Feldspar and 

Quartz 

Light grey and fine-grained granitic rock with a xenolith that has 

biotite rims and garnet in the middle. It has a gneissic structure. 

The feldspar is white and has a vitreous luster. Garnet minerals 
are pinkish-red to brown, which most likely is almandine. 

GV4 X Light grey and fine-grained rock with gneissic structure. 

GV5 X 

GV9  

GV6  Dark grey and fine-grained rock with gneissic structure. The 

garnet minerals are closer to each other. Xenolith with biotite- 

rich rims. 

GV7  Felsic plutonic coarse-grained granitic rocks with mostly albite 

minerals and less quartz. GV11  

GV10  Middle-grained to coarse-grained granitic rock with large white 

plagioclase feldspar minerals 

KG1020 X Slightly weathered coarse-grained granitic rock with large 

plagioclase felspar crystals (2cm) biotite and quartz. The 

plagioclase crystals are grey-ish green. 

GV2  
Biotite, 

quartz and 

feldspar 

Coarse-grained rock with biotite, quartz, and feldspar crystals. 

The feldspar crystals are 2 cm in size, grey, and have a vitreous 

luster. It consists also of a green mineral, of which the 

characteristics are not visible. 

GV8  

GV3 X  

Biotite, grey 

mica, quartz, 

feldspar 

Half pegmatitic, half granitic rock. The granitic side is fine- 

grained and has mica, quartz, and feldspar minerals. There is also 

a light grey mica, which might be muscovite. The feldspar 
minerals are pink and are vitreous in luster. 

GV12   Large feldspar crystal with perfect cleavage. 
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Figure 24. The Granite samples of Papatam from the 2019 excursion. 
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Figure 25. Pegmatite samples with large feldspar, quartz and biotite crystals a) GV 2 b) GV 8. c) a green-ish 

mineral that could be either beryl or apatite. 
 

In Figure 25 two samples of the pegmatite rocks occur in Papatam. These are very coarse-grained 

and contain mostly quartz, biotite, and felspar crystals. The plagioclase feldspar is up to 3 mm in 

diameter. It has a vitreous luster and has perfect cleavage. There are also green minerals, which are 

not visible with the naked eye. Due to the color, they might be apatite or beryl. 

 

 
GV 3 Presented in Figure 26 is a felsic, middle-grained granitic rock with biotite, quartz, and 

plagioclase minerals. It has also 2 cm crystals which indicates a pegmatitic origin. This rock may 

be the contact with the granite and pegmatite rocks due to the zoning. It also has a grey mica which 

is chloritized biotite. 
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Figure 26. a) GV3 sample with pink feldspar crystals b) grey mica present in the granitic side of sample GV3 
 

Figure 27. Large feldspar (white) mineral sample with perfect cleavage 
 

Figure 28. Bigi Ston sample 

This is a felsic and slightly weathered coarse-grained rock with garnet crystals of 2 cm in diameter. 

It has biotite crystals up to 30% and they have a preferred orientation. They are also very platy and 

foliated. This represents a gneissic structure. 
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4.3 Drill cores 

These samples are from the drilling program by Vinckers (1957) and are stored in the rock 

warehouse of the Geological Mining Department. The drill cores which were examined are 

presented in Table 2. These cores were not different in mineral composition and it is safe to say that 

it matches the recent rock samples that were taken from the Papatam area. Due to this, there will 

be a short description of the cores. After the investigation of the drill cores, it became clear that 

there were no differences compared to the samples that were taken from the quarry in 2019. 
 

 
 

Figure 29. Sample location of the drill cores from 1957.Papatam research map from the Geologic Mining 

Department with a scale of 1:1000 (Vinckers, 1957) 
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Table 2. Description of the drill cores from 1957 

 

Drill core Description 

LA97 Mafic minerals, quartz minerals, iron-oxide, lightly weathered with a gneissic 

structure 

LA98a Granite core with many garnets, gneissic structure 

LA98 b Pegmatite core with biotite minerals 

LA 99 Light-colored, garnets close to each other, a granitic structure/texture, weathered 

LA100 Dark-colored spotting, garnets, and biotite 

LA101a Mostly quartz, light-colored with dark minerals and garnets, lightly weathered 

LA101b Mostly weathered, granitic structure, biotite minerals 

LA102 Pegmatite with mostly quartz and many fractures, slightly weathered, with a 

xenolith 

LA103 Biotite minerals, coarse-grained, weathered 

 

 

 
 

 

Figure 30. Drill cores of Papatam in 1957 (Vinckers, 1957) 
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4.4 Petrographic observation 

Petrographic analyses have been used to provide insights on the texture and mineral composition 

and possible relations between minerals of the Bigi Ston and Papatam area. Some thin sections 

revealed similarities. 
 

4.4.1 Thin sections of Bigi Ston GMD 1953 

The thin sections which were described are presented in table 3. 

 

 
Table 3. Description of the Bigi Ston thin section samples. 

 

Thin section ID Description 

AM 2a Consists of numerous quartz minerals, plagioclase and biotite crystals 

AM 2b Microcline, chloritized biotite, and sericite 

V942 Fine-grained quartz matrix, deformed rock (mylonite, fracture zone) 

V944b Fine-grained quartz matrix with biotite minerals 

V945 Consists of quartz minerals, biotite minerals, and plagioclase 

V95a Consists of olivine, pyroxene, and plagioclase in a fine- to a middle-grained 

matrix which shows that it is dolerite. 
 

 

 

 

 
 

Figure 31. Thin sections of Bigi Ston from 1957 a) Zone with biotite, quartz, and plagioclase minerals. The biotite 

shows preferred orientation due to foliation. b) zone with muscovite grain enclosed in perthitic unmixing. c) 

mylonitic texture in a fine-grained matrix d) coarse-grained, biotite, and quartz crystals in a preferred orientation. 

e) zone with biotite, quartz, and plagioclase crystals f) zone with olivine enclosed by plagioclase crystals. The 

plagioclase crystals show polysynthetic twinning. 
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4.4.2 Thin sections of Papatam 

 

Table 4. Summary of the petrographic observation of the GV 1A. Percentages are estimated 
 

GV 1A 

Mineral Content Percentage Texture Rock type 

K-feldspar 5 Preferred orientation 

(foliated) 

 

Anti-perthitic 

unmixing in 

plagioclase 

Granite Gneiss 
Garnet 10 

Quartz 25 

Plagioclase 25 

Biotite 35 

Zircon Accessory 

 

This thin section contains biotite, quartz, garnet, and plagioclase minerals. The plagioclase show 

an antiperthitic texture. An Antiperthite is an intergrowth arising due to exsolution where potassic 

feldspar (K-feldspar) is present as lamellae within a sodic feldspar (Na-feldspar). Many minerals 

that show complete solid solution at higher temperatures do not show such a solid solution at lower 

temperatures. When this is the case, the phenomenon of exsolution occurs. The biotite minerals 

show little preferred orientation. Some are dark of color due to the titanium content. In Figure 32b 

there is foliated biotite The quartz grains have zircon inclusions (Figure 32d). Chlorite and 

saussurite are alteration products. Some are red-brown due to the presence iron. 
 

Figure 32. Petrographic images of GV1A a) Plane Polarized Light PPL b) Crossed Polarized Light c) Zone with 

plagioclase showing anti-perthitic unmixing. d) Zone with quartz inclusions within the garnet mineral. Zircons 

are also present in the quartz grain 
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Table 5. Summary of the petrographic observation of the GV 1B (xenolith) 

GV1B 

Mineral Content Percentage Texture Rock type 

Quartz 5 Phaneritic 
 

Anti-perthitic in 

plagioclase and 

perthitic unmixing in 

k-feldspar 
 

Pleochroic halo 

enclosed in biotite 

and garnet 

Granite 
Plagioclase 15 

Biotite 30 

Garnet 45 

Zircon Accessory 

Calcite Secondary 

 

This thin section consists of biotite, quartz, plagioclase, calcite, and garnet. The garnet and biotite 

are the main minerals and these contain pleochroic halos. Radiohalos or pleochroic halos are 

microscopic, spherical shells within minerals such as biotite that occur in granite and other igneous 

rocks. The shells are zones of radiation damage caused by the inclusion of minute radioactive 

crystals within the host crystal structure. The inclusions are typically zircon, apatite, or titanite 

which can accommodate uranium or thorium within their crystal structures. (Demange, 2012). In 

this thin section, these inclusions are zircons. 

The biotite minerals in Figure 33aa show preferred orientation. Another zone of this thin section has 

red-brown and green biotite. The red-brown color means that the biotite has a high titanium and 

iron content. The green color shows the alteration of biotite to chlorite. The biotite also shows 

deformation twinning. There is some interstitial carbonate (calcite), probably secondary. The 

plagioclase grains show anti-perthitic and some are altered by biotite. There is also another 

alteration product, sericite. 
 

 

Figure 33. Petrographic images of GV1B a) Zone with biotite minerals showing preferred orientation in Plane 

Polarized Light PPL b) Crossed Polarized Light XPL c) Zone with garnet and biotite crystals d) Zone with 

Plagioclase showing polysynthetic twinning. 
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Table 6. Summary of the petrographic observation of the GV3. Percentages are estimated 

GV3 

Mineral Content Percentage Texture Rock type 

Plagioclase 5 Chlorite alteration in Pegmatite 

Unknown mineral 10 biotite  

Quartz 20   

K-Feldspar 30 Cross-hatched twinning  

(Microcline)  in Kfeldspar  

Biotite 35  

Sericite alteration in 
 

  plagioclase  

 
GV 3 consists of biotite, less quartz, plagioclase, and sericite. The biotite is dark green to light blue 

of color and they don’t show preferred orientation. The biotite is altered into chlorite. Plagioclase 

is partially replaced by sericite (Figure 34b) There is also cross-hatched twinning, which indicates 

k-feldspar minerals (microcline). There are few quartz grains visible. Myrmekite structure is also 

present. The unknown mineral shows high to mediate positive relief and is colorless to yellow-ish. 

It has a weak pleochroism and is anhedral. Due to these characteristics, it might be beryl, but further 

analyses are needed. 
 

 

Figure 34. Petrographic images of GV3 a) Zone with the unknown mineral and biotite in Plane Polarized Light 

(PPL) b) Zone a in Crossed Polarized Light XPL c) Crossed hatched texture matrix and plagioclase d) Alteration 

of plagioclase into sericite and alteration of Biotite into chlorite 
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Table 7. Summary of the petrographic observation of GV 4. Percentages are estimated 

GV 4 

Mineral Content Percentage Texture Rock type 

K-feldspar 5 Granular Trondhjemite Gneiss 

Biotite 20   

Quartz 30 Kink-bands in quartz  

Plagioclase 45   

Garnet Accessory Perthitic and anti- 
perthitic in 

 

  plagioclase  

 
This thin section consists of biotite, quartz, feldspar, garnet, and plagioclase. The biotite minerals 

are reddish-brown due to Fe 3+ content and some are green, which means that they are altered into 

chlorite. Crossed hatch twinning which is microcline. The plagioclase crystals are altered into 

saussurite. This is enclosed in the feldspar mineral. The quartz crystals show kink bands. The biotite 

in this thin section is mostly chloritized due to the light colors they show in XPL, which make them 

look a lot like muscovite. These are also more attached to the garnet mineral, which indicates that 

there is a change or transition. 
 

 

Figure 35. Petrographic images of GV 4 a) Plane Polarized Light PPL b) Crossed Polarized Light XPL c) zone 

with quartz showing kink bands and biotite altered by chlorite due to the color. 
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Table 8. Summary of the petrographic observation of GV 5. Percentages are estimated 

GV 5 

Mineral Content Percentage Texture Rock type 

Quartz 10 Chlorite alteration in Granite gneiss 

K-Feldspar 15 biotite  

(Microcline)    

Plagioclase 25 Crossed-hatched  

Biotite 35 twinning in k-feldspar  

Garnet Accessory (15)  

Anti-perthitic 
 

  unmixing in  

  plagioclase  

 
This thin section consists of garnet, quartz, biotite, k-feldspar, and plagioclase. The biotite crystals 

are pink, green to reddish-brown, and show preferred orientation due to foliation. They are enclosed 

by plagioclase and quartz crystals. The plagioclase crystals show anti-perthitic unmixing and 

crossed hatched twinning is also present. Garnet crystals are enclosed by biotite and they have 

quartz inclusions. 
 

 
 

Figure 36. Petrographic images of GV 5 a) Plane polarized Light PPL b) Zone with garnet and perthite unmixing 

in Crossed Polarized Light XPL c) Zone with biotite and garnet crystals d) crossed hatched twinning (k-feldspar), 

biotite, and plagioclase. 
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Table 9. Summary of the petrographic observation of the KG1020. Percentages are estimated 

KG1020 

Mineral Content Percentage Texture Rock type 

Garnet 5 Chlorite alteration in 

biotite 

 

Crossed-hatched 

twinning 

Granite 
K-feldspar 15 

Quartz 20 

Plagioclase 30 

Biotite 30 

 
This thin section consists of biotite, garnet, quartz, and plagioclase. The biotite crystals are reddish, 

green to brown. They have been altered by chlorite. The biotite crystals are enclosed by plagioclase 

crystals. Zircon and quartz inclusions are shown in plagioclase crystals and there is less anti- 

perthitic unmixing visible. Garnet crystals are also visible with quartz inclusions. Another texture 

is the Myrmekite texture in plagioclase in Figure 37c. These are bud-or wart-like textures of acidic 

plagioclase containing quartz. The plagioclase crystals are also altered by saussurite. 
 

 

Figure 37. Petrographic images of KG1020 a) Plane Polarized Light XPL b) zone with biotite and K-feldspar 

in Crossed polarized Light XPL c) Zone with saussurite alteration in plagioclase, crossed hatched twinning 

(K-feldspar) and myrmekite texture 
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5. Discussion 
In this chapter, the results will be discussed as to why some textures were observed and what 

petrographic changes they went through. Also, the different hypotheses of previous researchers will 

be discussed and compared to the results of this research to come to a better conclusion. 

 

 
5.1 Minerals and texture 

Quartz 

Quartz occurs in the Papatam rocks and this is the most stable mineral which consists in igneous, 

metamorphic, and sedimentary rock types. It forms at all temperatures and is very resistant to 

chemical and mechanical weathering. Most rocks are formed or have been influenced by a fluid 

phase, which leaves remnants in the form of inclusions in several minerals, first of all, quartz. 

(London.D, 2018). This is clear in the thin sections. 

 

Garnet 

Garnet is the name used for a large group of rock-forming minerals. It was present in most of the 

analyzed thin sections. They are usually present in metamorphic igneous and sedimentary rocks. 

Most garnets forms at convergent plate boundaries due to regional metamorphism. This occurs 

when a sedimentary rock with a high aluminum content, such as shale, is exposed to intense heat 

and pressure producing schist or gneiss. The heat and pressure break chemical bonds and cause 

minerals to recrystallize into structures that are stable under the new temperature-pressure 

environment. The aluminum garnet, almandine, generally forms in this environment. 

(www.geologylearn.blogspot.com) 

Based on this information, the Papatam rocks may be magmatic rocks, which are possibly the result 

of partial melting of sedimentary rocks. 

 

Garnet is also found in the rocks that are formed due to contact metamorphism and sediments when 

garnet-bearing rocks are weathered and eroded. The most commonly encountered minerals in the 

garnet group include almandine, pyrope, spessartine, andradite, grossular, and uvarovite. The 

garnet minerals which are observed in the Papatam rocks are mostly red to purple and brown, which 

indicate a higher iron and manganese content. (www.geology.com) 

 
Table 10. The different garnet minerals with their composition (www.geology.com) 

 

Garnet Minerals 

Mineral Composition Specific Gravity Hardness Colors 

Almandine Fe3Al2(SiO4)3 4.20 7 - 7.5 red, brown 

Pyrope Mg3Al2(SiO4)3 3.56 7 - 7.5 red to purple 

Spessartine Mn3Al2(SiO4)3 4.18 6.5 - 7.5 orange to red to brown 

Andradite Ca3Fe2(SiO4)3 3.90 6.5 – 7 green, yellow, black 

Grossular Ca3Al2(SiO4)3 3.57 6.5 - 7.5 green, yellow, red, pink, clear 

Uvarovite Ca3Cr2(SiO4)3 3.85 6.5 – 7 Green 

 

As these rocks are metamorphosed, the garnets start as tiny grains and enlarge slowly over time as 

metamorphism progresses. As they grow, they displace, replace, and include the surrounding rock 

materials. Garnet usually occurs as an accessory mineral in igneous rocks such as granite, but in 

the Papatam rocks, they are an important component. 

https://geology.com/minerals/rock-forming-minerals/
https://geology.com/rocks/shale.shtml
https://geology.com/rocks/schist.shtml
https://geology.com/rocks/gneiss.shtml
https://geology.com/minerals/
https://geology.com/rocks/igneous-rocks.shtml
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Zircon 

ZrSiO4 is a common accessory mineral of the igneous rocks. It is more common in intermediate to 

acidic rocks. Its crystals may be independent or be inclusions in other minerals (biotite, amphibole, 

cordierite). In this case, pleochroic halos are developed in the hosts: the dark halo in biotite, which 

is visible in the thin section GV 1B. Zircon is also one of the heavy minerals easily reworked in the 

sediments. It is therefore commonly found in metamorphic rocks as well as ortho- as para-origin. 

Zircons commonly contain 1 wt% of hafnium, and traces of heavy Rare Earths, yttrium, uranium, 

and thorium. Zircon growth occurs either when the zircon is incorporated into a newly formed 

igneous rock, or during metamorphism. (Demange, 2012) 

 

Feldspar 

In metamorphic rocks, Albite, calcic plagioclases, and the minerals that replace them at low 

temperature and high pressure are index minerals of the metamorphic facies. Albite and plagioclase 

are absent from the low temperature and high pressure (water pressure) metamorphic facies. Albite 

appears in the greenschist facies, epidote-amphibolite facies, and part of blueschist facies. Calcic 

plagioclases are characteristic of amphibolite facies and granulite facies. In metamorphism of 

relatively low grade, microcline is the stable form of potassium feldspar: it is commonly found in 

the orthogneisses (plutonic or volcanic origin) and some metamorphosed clastic rocks. Potassium 

feldspar is also formed by the destruction of mica. (Demange, 2012) 

 

 

Perthitic and Anti-perthitic 

In most of the thin sections, the perthitic and anti-perthitic textures occurs. Anti-perthite is 

plagioclase feldspar with potassium feldspar exsolution and perthite is a dominant potassium 

feldspar with exsolutions of albite. (Demange, 2012; Kay, 1977) 

These are common in igneous rocks. The plagioclase crystallizes in a low-temperature form and 

potassium feldspar is orthoclase or microcline. In the rocks that have crystallized at relatively low 

temperatures, solid solutions between K-feldspar and plagioclase remain limited and slow cooling 

leads to exsolutions, observable under a microscope, the perthites. (Demange, 2012; London.D, 

2018) 
 
 

Figure 38. A schematic illustration of the solvus relationship between albite and K-feldspar solid solutions. 

(London, 2018) 
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Perthites show different habits: from very fine and regular film perthites to thicker, irregular rods 

perthites. This habit depends on the initial proportion of K-feldspar and albite in the initial mineral 

and of the cooling history. (Demange, 2012) Anti-perthites occur in plagioclase of plutonic rocks 

that crystallized at high temperatures under conditions of granulite facies, which indicates that the 

rock types from Papatam were crystallized at high temperature. 

 

Myrmekites which are seen in thin section KG1020 are bud-or wart-like textures of acidic 

plagioclase containing quartz vermicelli developed at the contact between K-feldspar and 

plagioclase from the plagioclase into the K-feldspar. (Menegon et al., 2006) Myrmekite is 

interpreted by a subsolidus reaction: Na and Ca diffuse from plagioclase towards K-feldspar and 

replace potassium in the K-feldspar; the latter is then transformed into plagioclase with therelease 

of silica (quartz). (Demange, 2012; Sepahi, 2002) 

 
 

Alteration products of plagioclase 

Sericitization is an alteration of plagioclase into fine muscovite or sericite. In comparison with 

muscovite, sericite often has a lower content in potassium and a higher one in silica. Sericite forms 

very small dispersed crystals affecting the whole feldspar. Sericitization often develops being 

guided by the structure of plagioclase as cleavage or zoning. The more calcic parts of plagioclases, 

especially the core of crystals, are more extensively sericitized. (Demange, 2012). 

 

Saussuritization is a replacement of calcic plagioclase by albite,epidoteand sometimes calcite, 

sericite, zeolites). Saussuritization reflects leaching of calcium, the addition of water, oxidizing 

conditions, and a decrease in temperature. It is a metamorphosis into greenschist facies. This 

hydrothermal alteration is often associated with ore deposits. The albitization is a metasomatic 

transformation that develops both on potassium feldspar and plagioclase. (Demange, 2012). Both 

sericitization and saussurtization are visible in the thin sections GV3 and GV1a. 

 
 

Calcite 

Calcite was found in thin section GV 1b which is a xenolith. This indicates that calcareous 

sediments were accumulated during the forming of the xenoliths. This can also be generated by a 

post-magmatic hydrothermal fluid. 

 
Mica 

Common micas that usually occur in metamorphic rocks are biotite and muscovite. The rock types 

of Papatam are mostly biotite rich, altered biotite, and don’t have muscovite. Biotite is a very 

alterable mineral and is commonly altered into chlorite at low temperatures in surface conditions. 

The titanium content is then recrystallized as grains or fine needles. Which is visible in the biotite 

minerals present in thin section GV 1B in Figure 33. Calcium enters in very low quantities in the 

micas. The proportion of Na2O that may occur in natural muscovites, reaches up to 2 wt%. It is 

lower in the biotites. Ferric iron replaces aluminum in the biotites from some volcanic rocks. 

(Demange, 2012) 

 

Biotite is not stable at low temperatures but is replaced by muscovite + chlorite associations or 

stilpnomelane. Biotite appears towards the middle part of the greenschist facies, which is at 

temperatures of about 400–500°C. Towards higher temperatures, biotite becomes unstable and is 

destabilized by reactions similar the reactions to the disappearance of muscovite: 

• Biotite + quartz => orthopyroxene + feldspar + water. 

• Aluminous biotite + quartz => garnet + orthoclase + water 

These are continuous reactions as the minerals involved contain both iron and magnesium. 

(Demange, 2012) 
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In Bowen’s reaction series, micas crystallize after pyroxene and amphibole and more or less 

simultaneously with acid plagioclase and potassium feldspar. Biotite is particularly characteristic 

of the intermediate meta-aluminous rocks. 

 
 

Metamorphism of low to medium pressure transforms the more or less clay-rich sedimentary rocks 

into schists rich in biotite and muscovite. There are three zones; 

 

• Epizone: is characterized by relatively cool (less than 300°C) country rocks at depths less 

than 10 km 

• Mesozone: is the depth interval of about 5 to 20 km. The country rocks are low-grade 

regional metamorphic rocks at temperatures of 300-500°C. 

• Catazone: is the deepest zone (deeper than 10 km) where country rocks are undergoing 

medium to high-grade regional metamorphism at temperatures of 450 to 600°C range. 

(www.coursehero.com) 

 
 

In low-grade metamorphism (epizone), sedimentary illites recrystallize into sericite and muscovite. 

The biotite isograd marks the medium grade metamorphism (mesozone). Aluminum-rich rocks 

contain more aluminous minerals, which is the case for Papatam rocks due to the occurrence of 

garnet. The isograd of the disappearance of muscovite can be taken as the limit of high-grade 

metamorphism (catazone). In high-grade metamorphism, metapelites are transformed into 

aluminous gneisses with biotite, potassium feldspar, plagioclase, sillimanite, possibly cordierite, 

and/or garnet (Demange, 2012). In the Papatam rocks, there were no muscovite minerals visible. 

This may also be the result of chlorite reacting with muscovite and quartz to produce biotite, 

cordierite, and fluid: 

 
(Mg,Fe)5Al2Si3O10(OH) + 

 
Chlorite 

KAL3Si3O10(OH)2 + 

 
Muscovite 

2SiO2 

 
Quartz 

K(Fe,Mg)3ALSi3O10(OH)2 + (Mg,Fe)2Al4Si5O18 + H2O 

Biotite Cordierite Fluid 

 
 

Beryl 

Beryl is a mineral that contains  a significant  amount  of beryllium.  It  mainly  occurs  in  

granite, rhyolite, and granite pegmatites; in metamorphic rocks associated with pegmatites. It may 

also be an accessory mineral and typically occurs in pegmatites as an alteration mineral or as a 

result of vapor given by magma, in granites, and also rarely in regional metamorphic micaschist 

and marbles. (Pichler, Schmitt-Riegraf, & Hoke, 1997). In this case, it is mostly present in the thin 

section GV3 (Figure 34), which indicates a pegmatite. 

 

Chlorite 

Chlorite is an important mineral in rocks of sedimentary origin and of low to medium grade 

metamorphism. In low to medium pressure metamorphism, prograde reactions of the appearance 

of the various minerals gradually restrict the field of the composition of the chlorite: the appearance 

of biotite, then of aluminous magnesian and/or ferriferous silicates, in this case, garnet and finally 

alumina silicates. Chlorite is a secondary and common alteration mineral of ferromagnesian 

https://geology.com/rocks/granite.shtml
https://geology.com/rocks/granite.shtml
https://geology.com/rocks/rhyolite.shtml
https://geology.com/rocks/pegmatite.shtml
https://geology.com/rocks/metamorphic-rocks.shtml
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minerals (biotite, amphibole, pyroxene, olivine, garnet, and cordierite) It may be a supergene 

alteration, but most often it is an alteration associated with hydrothermal fluids circulation or even 

a retrograde mineral in the lowering of temperature in metamorphism. (Demange, 2012) Biotites 

are altered frequently into green chlorite, with Prussian blue interference colors, which is mainly 

visible in thin section GV 3. 

 

5.2 Area 2 description 

The whole Papatam area may be a batholite or even a pluton, due to the spherical textures. A 

batholith is a very large mass of intrusive igneous rock that forms and cools deep in the Earth's 

crust. For an intrusion to be called a batholith, the exposed area showing at the Earth's surface 

should be at least 100 square kilometers, though some of these formations are much larger than 

that. (Best, 2003) 

Changes in pressure can also result in exfoliation due to weathering. In a process called unloading, 

overlying materials are removed. The underlying rocks, released from overlying pressure, can then 

expand. As the rock surface expands, it becomes vulnerable to fracturing in a process called 

sheeting. Sheeting showed due to the spherical textures in figure indicate that expansion has 

occurred. (www.slideshare.net) 
 

Figure 39. The process of unloading 
 

(www.slideshare.net) 

 

 

5.3 Pegmatite determination 

The vast majority of pegmatites are granitic in composition. By definition, that means that quartz 

and feldspars comprise greater than or equal to 80 volume percent of the rock. In the common 

pegmatites, quartz and feldspars constitute nearly 100 percent of the rock. (www.geology.com) 

 

In the pegmatite rocks of Papatam, quartz and feldspar are in abundance and they lack muscovite 

and beryl.To determine the actual pegmatite types of Papatam, the Cerny system and the London 

system will be used. The broad spectrum of mineralogical, geochemical, textural, and economic 

types of granitic pegmatites has been the subject of numerous attempts at classification for a long 

time now. (Cerny, 2005). 

 

Many criteria were applied to the classification such as; internal structure, paragenetic 

relationships, bulk chemical composition, petrogenetic aspects, nature of parent medium, and 

geochemical signatures, among others. 
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The classification is presented in the table below. 

Table 11. Principal subdivision and characteristics of the five classes of granitic pegmatites. (Cerny, 2005) 
 

Class Typical minor 

Elements 

Metamorphic 

environment 

Relation to 

Granites 

Abyssal (AB) HREE, Y, Nb, Zr, 

U, Ti, LREE, Th, 

B, Be 

(Upper amphibolite 

to) low to high P 

granulite facies; 

∼4 to 9 kbar, ∼700 

to 800°C 

May be associated 

With magmatic 

granite 

Muscovite (Ms) No rare- element 

mineralization 

(micas and ceramic 

minerals) 

High-P, Barrovian 

amphibolite facies 

(kyanite 

sillimanite) 5 to 8 

kbar,-650 to 580°C 

None (anatectic 

bodies) to marginal 

and exterior 

Muscovite-Rare 

element (MSREL) 

Be, Y, REE, Ti, U, 

Th, Nb, Ta 

 

Li, Be, Nb 

Moderate to high-P 

(T) amphibolite 

facies; 3 to 7 kbar, 

-650 to 520°C 

Interior to exterior; 

locally poorly 

defined 

Rare-element 

(REL) 

Be, Y, REE, U, Th, 

Nb>Ta, F 

 

Li, Rb, Cs, He, Ga, 

Sn, Hf, Nb, Ta, b, 

P, F 

Low-P amphibolite 

(Abukama-type) 

(andalusite- 

sillimanite); ∼2 to 

4 kbar, ∼ 650 to 

450°C 

(Interior to 

marginal to) 

exterior 

Miarolitic (MI) Y, REE, Ti, U, Th, 

Zr, Nb, F 

 

Li, Be, B, F, Ta> 
Nb 

Low-P amphibolite 

to greenschists 

facies; 3 to 5 kbar, 

500 to 400°C 

Interior to marginal 

 

 

 
 

Cerny system 

The pegmatite of Papatam may be more of the abyssal type because of the garnet and the lack of 

muscovite and Cerny's minerals are not in it either. In Cerny's table, the only ones that contain 

garnet (almandine) are Ms-types. Despite its shortcomings, the original term is retained for this 

category, which is hosted within most of the P–T range of the granulite facies, but excluding the 

high extremes of pressure. Pegmatites of the abyssal class most commonly correspond to products 

of partial melting of metamorphic re-equilibration. (Cerny, 2005) 

 

 
London system 

The Papatam Rocks correspond to the S-types rocks. According to the London system, the Papatam 

rocks correspond more to the intermediate zones. The intermediate zones are coarse-grained and 

the pegmatites of Papatam show similar characteristics. (London, 2018) 

Feldspars and quartz are industrial minerals. The glass-ceramics industries utilize both sodic and 

potassic feldspars for which the principal requirements are low Ca content and low Fe contents. 

Evolved S-type granites meet those requirements well; alkali feldspars in the more oxidized A- 

types may host appreciable ferric iron. K-feldspars are perthitic. In the S- and A-type granites and 
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their pegmatites, iron is hosted principally by biotite, lesser amphibole, and minor ilmenite or 

magnetite. However, the solubility of mafic components such as Fe, Mn, and Mg in hydrous 

granitic liquids falls when the temperature decreases. Synthetic liquids saturated in biotite, 

cordierite, garnet, or tourmaline at near-solidus temperatures contain ∼1.5 wt% total mafic oxides. 

(London, 2018) 

 

Based on this information, it can be concluded that the Papatam rocks probably belong to the 

LCT family. The LCT family of pegmatites and their peraluminous granites arise from anatexis 

of mostly juvenile accretionary sediments in response to crustal thickening that accompanies 

continental collisions. (London, 2018) 

 

 

 

 

 

 
 

Table 12. The family system of the petrogenetic classification of the granitic pegmatites (Cerny, 2005) 
 

Family Dominant 

subclass 

of 
pegmatites 

Geochemical 

signature 

Bulk 

composition of 

pegmatites 

Associated 

granites 

Bulk 

composition 

granites 

Source 

lithologies 

LCT REL-Li 

MI-Li 

Li, Rb, Cs, 

Be, Sn, Ga, 

Ta>Nb, 

(B, P, F) 

Peraluminous 

to 

Subaluminous 

(synorogenic 

to late- 

orogenic 

To 

anorogenic); 

Largely 
heterogeneous 

Peraluminous 

S, I or mixed 

S +I types 

Undepleted 

Upper-to middle- 

crust 

supraccrustal 

rocks and 

basement 
gneisses 

NYF REL-REE 

MI-REE 

Nb>Ta, Ti, 

Y, Se, REE, 

Zr, U, Th, F 

Subaluminous 

to 

Metaluminous 

(to 

Subalkaline) 

(syn-, late, 

post- 

to mainly 

anorogenic 

quasi- 

homogeneous 

Peraluminous 

to 

Subaluminous 

and 

metaluminous; 

A and I types 

Depleted middle- 

to lower-crust 

granulites, 

juvenile, 

Granites, mantle- 

Metasomatized 
crust 

Mixed Crossbred 

NYF and 

LCT 

Mixed (Metaluminous 

to) moderately 

peraluminous 

(post- 

orogenic to 

anorogenic; 

heterogenous 

Subaluminous 

to slightly 

Peraluminous 

Mixed protoliths 

or assimilation of 

supracrustal 

rocks by NYF 

granites 

 

 

 

 
5.4 Vinckers theory 

The Vinckers theory explains that the rock types in Papatam are granite types and belong to the 

blue granite. Staurolite does not occur, because it does not occur in granites and these are formed 

from great pressure and much iron. 

Staurolite is typically a mineral of medium grade metamorphism. At higher temperatures, it is 

destabilized into garnet (almandine) + aluminum silicate + water. Towards lower temperatures, the 

reaction of the formation of staurolite varies with initial parageneses. Staurolite is rare at very low 

pressures. (Demange, 2012). 
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5.5 Sara’s Lust Gneiss 

These have many sedimentary characteristics such as schistosity and banded layers. The rock 

types of Papatam show gneissic textures. The large quantity of garnet crystals indicate that the 

Papatam rocks belong to the S-Type Trondjhemites. The mafics of the Sara’s Lust Gneisses are 

geochemically compared with the Paramaka Formation from the Marowijne Greenstone Belt, for 

they comprise similar lithologies. Also, the granitoids of the Sara’s Lust Gneisses have an A-type 

affinity. A-type granites form from anhydrous high-temperature parental magmas and can form in 

post-collisional, extensional, or mantle-plume like settings. (Goumans, 2019) 

 

 

5.6 Bigi Ston 

Based on the garnet (Al-rich) the common Papatam rock would be an S-type trondhjemite. 

According to de Munck (1954), there is also beryl in the pegmatites along the Marowijne River, 

but Papatam is not on the Bigi Ston map and these are all muscovite rich pegmatites of the Rama 

type. 

The Bigi Ston rock types show a similar texture and mineralization in some of the rock samples. 

The main difference is that the Bigi Ston rock sample is slightly weathered, but the Papatam 

rocks are not. However, they both show similar gneissic structure. The thin sections AM 2a, V94, 

and Am 2b Figure 31a show similarities with thin section GV1a (Figure 32), such as the preferred 

orientation and alteration of biotite and the K-feldspar (cross-hatched twinning). Am 2b also 

shows a perthitic texture compared to GV 1B and GV4. 

 

 

5.7 The KG1006 sample 

Goumans (2019) presented some interesting results of the KG1006, which have a lot of similarities 

with the rock types of Papatam. They represent similar mineral assemblages and textures. Figure 40 

shows the images of the KG1006, which is a felsic plutonic rock type. They look similar to the thin 

sections GV1, GV4 and GV5 petrographic images from Papatam. They show kink bands in the 

quartz crystals and chloritized biotite. The biotite also shows similar colors due to the iron content. 

The only difference is that the Papatam thin sections do not have muscovite, but the KG1006 

sample does. 
 

Figure 40. Petrographic images of the KG1006 (Goumans, 2019) 
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6. Conclusion 
The results show that the Papatam garnet-bearing trondhjemite is an S-type intrusive body, which 

probably was generated by partial melting of an aluminum-rich sedimentary rock, with possible 

participation of calcareous rocks in view of the presence of calcite in the xenoliths. It probably 

crystallized under high-temperature conditions given the virtual absence of muscovite and the 

presence of anti-perthitic plagioclase. The pegmatites traversing the granite body are of an abyssal 

type and belong to the LCT-family system of petrogenic classification. Syn-or late-tectonic 

metamorphism imparted a pervasive foliation to the rock. 

The relation between the Bigi Ston rock types and the Papatam rock types is that they both 

correspond geochemically to the TTG suite. The Papatam rocks differ mineralogically and 

geochemically from the surrounding Sara’s Lust Gneisses and the Patamacca bi-mica granites, and 

probably represent a new stratigraphic unit in the geological history of Suriname, due to the large 

quantity of garnet minerals which occur in the Papatam rocks. 
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7. Recommendations 

This study proves that the Papatam rocks differ geochemically and mineralogically from the Sara’s 

Lust Gneiss and are mostly garnet-bearing. To understand the geochemistry of the garnets, a trace 

element analyses can be done for further research. 

Due to the zircons which are present in thin section GV 1b, alterations of Biotite and Plagioclase 

in the thin sections (GV3, GV1a, KG1020) a geochemical and trace element analyses can be done 

also, to understand the alteration of the host rocks. 
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