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Abstract 
The rock types of the Kabofe and Jaikreek area, in the southwestern part of the Marowijne 

greenstone belt, are very complex. They include sillimanite gneisses, garnet-mica gneisses, 

migmatitic gneisses, amphibolites, talc schist, dolerites, pegmatites and granites. This research 

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

was not needed, because the Geologic Mining Department had a large number of thin sections 

available from samples that were collected in the 1970s in these areas.  

The aim of this research is to provide a better description of the rocks in these areaôs by using 

petrographic analyses and to find out to which range of rock units they belong. This will make 

it easier to create a more detailed geological map in that area. The characteristics of the rocks 

in the research area will be compared to the Saraôs Lust gneisses, and the Coeroeni gneisses for 

southwest Suriname. The results show that the majority of the Kabofe and Jaikreek gneisses 

match the Sara's Lust gneisses mentioned in the paper of Kroonenberg, et al., 2016, based on 

the mineral composition, protolith and the metamorphic facies and grade. The gneisses are in 

the amphibolite facies and have a supracrustal origin. The only difference was the absence of 

orthopyroxene, which would indicate the granulite facies was reached. The conclusion made is 

that the supracrustal rocks underwent metasomatism, which invaded the protolith. The 

existence of migmatitic gneisses simplifies the understanding of granite and granitic rocks. 

Diatexite migmatites formed from pelitic to greywacke metasedimentary rocks provide the 

granite magma. Gneisses are later intruded by dolerites. And the migmatites are later intruded 

with pegmatite dykes or sills. My research does not include geochemical analysis. As a result, 

this report can be used as a starting point for additional Master research. 
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1. Int roduction  

 

Figure 1 - Map showing the locations of the samples 

The Marowijne Greenstone Belt of northeastern Suriname is bounded on both its northern and 

southern flanks by a narrow belt of high-grade metamorphic rocks, together labeled as Saraôs 

Lust Gneiss (Figure 8 - Geological map of Suriname, produced by TNO (2018). Saraôs Lust 

Gneisses in purple, the Marowijne Greenstone Belt includes the Paramaka Formation in several 

shades of green and the Armina Formation in turquoise (1), the Kabel Tonalite in dark red (2), 

the Bakhuis Granulite Belt in violet (3), the Cauarane-Coeroeni Gneiss Belt in blue (4).. This 

study aims to investigate whether the southern flank is similar to the northern one, and whether 

there is a relation with similar high-grade rocks in southwestern Suriname, the Coeroeni Gneiss 

Belt.  

The Kabofe area is located on and near the drainage divide between the Sara and Marowijne 

creeks, both of which are tributaries of the Suriname River and run into the Van Blommenstein 

Lake. The Jaikreek is a creek that flows into the Tapanahoni River (Figure 1 - Map showing 

the locations of the samples). These areas are known for their gold containing economical value. 

In the 1970s the geologists of the Geological Mining Department (GMD) went to these areas 

and sampled rocks on the surface, which were later used to make thin sections.  

The study areas are along the southwestern flank of the Marowijne greenstone belt, bordered 

by a zone of high-grade metamorphic rocks. According to the paper of (Kroonenberg, et al., 

2016) the southwestern flank predominantly consists of garnet-biotite gneisses, andalusite-

cordierite sillimanite schists and ortho- and clinopyroxene gneisses in which the presence of 

orthopyroxene, if metamorphic, would evidence that metamorphic conditions were up to 

granulite facies. It is, however, unknown whether orthopyroxene is present as a magmatic or a 

Brokopondo 

Stuwmeer 

Kabofe area 
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metamorphic mineral. Nonetheless, according to (Goumans, 2019) the Saraôs Lust Gneisses in 

the northern flank mainly consist of amphibolite facies metamorphic rocks.  

1.2 Problem statement 
The following research questions can help to provide a more detailed description: 

¶ What are the petrographical characteristics of the rocks in the Kabofe and Jaikreek area? 

¶ What is the relation between the Saraôs Lust gneisses and the Coeroeni gneisses in 

southwest Suriname? 

This research will help understand and define, whether the rocks observed in the study areas, 

match the characteristics of the Saraôs Lust rocks. This will make it easier to create a more 

detailed geological map in that area. Further to that, the identification of minerals will help 

determine the metamorphic facies needed for future P-T-t studies. The geochemical analyses 

are not part of this research. Thus, this report can serve as a basis for further research.  

1.3 Structure of the report 
The chapters of this report lead to the answers of the research questions. The research area and 

geological backdrop of the Coeroeni unit and Sara's Lust units of the Marowijne Greenstone 

Belt are described in Chapter 2. The methodologies and procedures used on the samples are 

summarized in Chapter 3. The observations are presented in tables and graphs with a description 

in Chapter 4, followed by discussions in Chapter 5. Chapters 6 and 7 will give concluding 

thoughts as well as a research strategy for future studies. 

 

2. Theory 

2.1 Metamorphic rocks  
Metamorphic rocks are the result of intense heat and/or pressure of either sedimentary or 

volcanic rocks within the Earthôs crust. There are two main types of metamorphic rocks: those 

that are foliated because they have formed in an environment with either directed pressure or 

shear stress, and those that are not foliated because they have formed in an environment without 

directed pressure or relatively near the surface with very little pressure at all.  

As the temperature and/or pressure increases on a body of rock we say the rock undergoes 

prograde metamorphism or that the grade of metamorphism increases. On the other hand when 

metamorphism takes place in response to temperature decrease, it undergoes retrograde 

reactions. Metamorphic grade is a general term for describing the relative temperature and 

pressure conditions under which metamorphic rocks form.  

Low-grade metamorphism takes place at temperatures between about 200 to 320 □ C, and 

relatively low pressure. Low grade metamorphic rocks are generally characterized by an 

abundance of hydrous minerals.  With increasing grade of metamorphism, the hydrous minerals 

begin to react with other minerals and/or break down to less hydrous minerals. 

High-grade metamorphism takes place at temperatures greater than 320 □ C and relatively high 

pressure. As grade of metamorphism increases, hydrous minerals become less hydrous, by 

losing H2O, and non-hydrous minerals become more common (Nelson, 2018). 
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Figure 2 - Metamorphic grade shown in a diagram (Nelson, 2018) 

Prograde metamorphism occurs when low-grade or unmetamorphosed rocks change 

mineralogy or texture in response to a temperature increase. If the metamorphism is gradual 

and predictable, we call it progressive metamorphism. During progressive metamorphism, a 

series of reactions occur as the degree of metamorphism increases. Rock mineralogy changes 

multiple times before equilibrating at the highest temperature conditions. While this idea makes 

a convenient conceptual model, it is not correct for all metamorphic rocks. For example, many 

metamorphic rocks are deep in Earth where pressure and temperature are great. They were 

never unmetamorphosed rocks at low pressure and temperature. Other rocks go from low 

temperature to high temperature, perhaps because of rapid intrusion of a pluton, so rapidly that 

they skip intermediate stages. Still other rocks may only partially equilibrate during 

metamorphism. Finally, some metamorphic rocks form by retrograde reactions (metamorphism 

in response to temperature decrease). This is especially true for mafic rocks that were 

metamorphosed at high-grade conditions. Upon uplift and cooling, retrograde metamorphism 

may replace original high-temperature mineral assemblages with low-grade minerals. Figure 3 

- Prograde and retrograde metamorphism compares paths of prograde and retrograde 

metamorphism ( Perkins, 2020). 

 

Figure 3 - Prograde and retrograde metamorphism ( Perkins, 2020) 

Texture 

In metamorphic rocks individual minerals may or may not be bounded by crystal facies. Those 

that are bounded by their own crystal facies are termed idioblastic. Those that show none of 

their own crystal facies are termed xenoblastic. From examination of metamorphic rocks, it has 

been found that metamorphic minerals can be listed in a generalized sequence, known as the 

crystalloblastic series, listing minerals in order of their tendency to be idioblastic. In the series, 
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each mineral tends to develop idioblastic surfaces against any mineral that occurs lower in the 

series. This series is listed below: 

¶ rutile, sphene, magnetite 

¶ tourmaline kyanite, staurolite, garnet, andalusite 

¶ epidote, zoisite, lawsonite, forsterite 

¶ pyroxenes, amphiboles, wollastonite 

¶ micas, chlorites, talc, stilpnomelane, prehnite 

¶ dolomite, calcite 

¶ scapolite, cordierite, feldspars 

¶ quartz 

This series can, in a rather general way, enable us to determine the origin of a given rock. For 

example a rock that shows euhedral plagioclase crystals in contact with anhedral amphibole, 

likely had an igneous protolith, since a metamorphic rock with the same minerals would be 

expected to show euhedral amphibole in contact with anhedral plagioclase. 

Another aspect of the crystalloblastic series is that minerals high on the list tend to form 

porphyroblasts (the metamorphic equivalent of phenocrysts), although K-feldspar (a mineral 

that occurs lower in the list) may also form porphyroblasts. Porphyroblasts are often riddled 

with inclusions of other minerals that were enveloped during growth of the porphyroblast. 

These are said to have a poikioblastic texture (Nelson, 2018). 

2.2 Metamorphic processes  
The main factors that control metamorphic processes are: 

¶ The mineral composition of the parent rock 

¶ The temperature at which metamorphism takes place 

¶ The amount and type of pressure during metamorphism 

¶ The types of fluids (mostly water) that are present during metamorphism 

¶ The amount of time available for metamorphism 

The temperature that the rock is subjected to is a key variable in controlling the type of 

metamorphism that takes place. As we learned in the context of igneous rocks, mineral stability 

is a function of temperature, pressure, and the presence of fluids (especially water). All minerals 

are stable over a specific range of temperatures. For example, quartz is stable from 

environmental temperatures all the way up to about 1800°C. If the pressure is higher, that upper 

limit will be higher. If there is water present, it will be lower. On the other hand, most clay 

minerals are only stable up to about 150° or 200°C; above that, they transform into micas. Most 

other common minerals have upper limits between 150°C and 1000°C. 

Some minerals will crystallize into different polymorphs (same composition, but different 

crystalline structure) depending on the temperature and pressure. Quartz is a good example as 

slightly different forms are stable between 0°C and 1800°C. The minerals kyanite, andalusite, 

and sillimanite are polymorphs with the composition Al2SiO5. They are stable at different 

pressures and temperatures, and, as we will see later, they are important indicators of pressures 

and temperatures in metamorphic rocks. 
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Figure 4 - The temperature and pressure stability fields of the three polymorphs of Al2SiO5 

(Pressure is equivalent to depth. Kyanite is stable at low to moderate temperatures and low to 

high pressures, andalusite at moderate temperatures and low pressures, and sillimanite at 

higher temperatures.) [SE] 

Pressure is important in metamorphic processes for two main reasons. First, it has implications 

for mineral stability. Second, it has implications for the texture of metamorphic rocks. Rocks 

that are subjected to very high confining pressures are typically denser than others because the 

mineral grains are squeezed together, and because they may contain mineral polymorphs in 

which the atoms are more closely packed. 

Water is the main fluid present within rocks of the crust, and the only one that weôll consider 

here. The presence of water is important for two main reasons. First, water facilitates the 

transfer of ions between minerals and within minerals, and therefore increases the rates at which 

metamorphic reactions take place. So, while the water doesnôt necessarily change the outcome 

of a metamorphic process, it speeds the process up so metamorphism might take place over a 

shorter time period, or metamorphic processes that might not otherwise have had time to be 

completed are completed. Secondly, water, especially hot water, can have elevated 

concentrations of dissolved substances, and therefore it is an important medium for moving 

certain elements around within the crust. So not only does water facilitate metamorphic 

reactions on a grain-to-grain basis, it also allows for the transportation of ions from one place 

to another. This is very important in hydrothermal processes, which are discussed toward the 

end of this chapter, and in the formation of mineral deposits (Earle, 2014). 

 

2.2.1 Types of Metamorphism 

 

¶ Contact metamorphism occurs adjacent to igneous intrusions and results from high 

temperatures associated with the igneous intrusion. 

Since only a small area surrounding the intrusion is heated by the magma, 

metamorphism is restricted to the zone surrounding the intrusion, called a metamorphic 

or contact aureole.  Outside of the contact aureole, the rocks are not affected by the 
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intrusive event.  The grade of metamorphism increases in all directions toward the 

intrusion.  Because the temperature contrast between the surrounding rock and the 

intruded magma is larger at shallow levels in the crust where pressure is low, contact  

metamorphism is often referred to as high temperature, low pressure metamorphism.  

The rock produced is often a fine-grained rock that shows no foliation, called a hornfels. 

¶ Regional metamorphism occurs over large areas and generally does not show any 

relationship to igneous bodies.  Most regional metamorphism is accompanied by 

deformation under non-hydrostatic or differential stress conditions.  Thus, regional 

metamorphism usually results in forming metamorphic rocks that are strongly foliated, 

such as slates, schists, and gniesses.  The differential stress usually results from tectonic 

forces that produce compressional stresses in the rocks, such as when two continental 

masses collide. Thus, regionally metamorphosed rocks occur in the cores of fold/thrust 

mountain belts or in eroded mountain ranges.  Compressive stresses result in folding of  

rock and thickening of the crust, which tends to push rocks to deeper levels where they 

are subjected to higher temperatures and pressures. 

¶ Cataclastic metamorphism occurs as a result of mechanical deformation, like when two 

bodies of rock slide past one another along a fault zone.  Heat is generated by the friction 

of sliding along such a shear zone, and the rocks tend to be mechanically deformed, 

being crushed and pulverized, due to the shearing.  Cataclastic metamorphism is not 

very common and is restricted to a narrow zone along which the shearing occurred. 

¶ Rocks that are altered at high temperatures and moderate pressures by hydrothermal 

fluids are hydrothermally metamorphosed.  This is common in basaltic rocks that 

generally lack hydrous minerals.  The hydrothermal metamorphism results in alteration 

to such Mg-Fe rich hydrous minerals as talc, chlorite, serpentine, actinolite, tremolite, 

zeolites, and clay minerals. Rich ore deposits are often formed as a result of 

hydrothermal metamorphism. 

¶ Burial Metamorphism is when sedimentary rocks are buried to depths of several 

kilometers, temperatures greater than 300 □ C may develop in the absence of differential 

stress.  New minerals grow, but the rock does not appear to be metamorphosed.  The 

main minerals produced are often the Zeolites.  Burial metamorphism overlaps, to some 

extent, with diagenesis, and grades into regional metamorphism as temperature and 

pressure increase (Nelson, 2018). 

2.2.2 Metamorphic Facies 

In general, metamorphic rocks do not drastically change chemical composition during 

metamorphism, except in the special case where metasomatism is involved.  The changes in 

mineral assemblages are due to changes in the temperature and pressure conditions of 

metamorphism.  Thus, the mineral assemblages that are observed must be an indication of the 

temperature and pressure environment that the rock was subjected to.  This pressure and 

temperature environment is referred to as Metamorphic Facies.  The sequence of metamorphic 

facies observed in any metamorphic terrain, depends on the geothermal gradient that was 

present during metamorphism. 

A high geothermal gradient such as the one labeled "A" , might be present around an igneous 

intrusion, and would result in metamorphic rocks belonging to the hornfels facies.  Under a 

normal to high geothermal gradient, such as "B", rocks would progress from zeolite facies to 

greenschist, amphibolite, and eclogite facies as the grade of metamorphism (or depth of burial) 
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increased.  If a low geothermal gradient was present, such the one labeled "C" in the diagram, 

then rocks would progress from zeolite facies to blueschist facies to eclogite facies.   

Thus, if we know the facies of metamorphic rocks in the region, we can determine what the 

geothermal gradient must have been like at the time the metamorphism occurred.  This 

relationship between geothermal gradient and metamorphism will be the central theme of our 

discussion of metamorphism (Nelson, 2018). 

 
Figure 5 - Diagram with the metamorphic facies (Nelson, 2018) 

2.2.3 Index Minerals 

Some common minerals in metamorphic rocks are shown in Figure 2.22, arranged in order of 

the temperature ranges within which they tend to be stable. The upper and lower limits of the 

ranges are intentionally vague because these limits depend on a number of different factors, 

such as the pressure, the amount of water present, and the overall composition of the rock. 

 
Figure 6 - Metamorphic index minerals and approximate temperature ranges. Source: Steven 

Earle (2015) CC BY 4.0 view source. 

Even though the limits of the stability ranges are vague, the stability range of each mineral is 

still small enough that the minerals can be used as markers for those metamorphic conditions. 

Minerals that make good markers of specific ranges of metamorphic conditions are called index 

minerals. 
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2.3 Geological Setting 

2.3.1 Regional Geology 

With an area of around 1.5 million km2, the Guiana Shield was one of western Gondwanaland's 

most important Precambrian terranes (Figure 7 - The Guiana Shield and the Central Brazilian 

Shield together form the Amazonian Craton .). It is located on the northern edge of the 

Amazonian Basin and is almost fully covered by tropical rainforest, making it geologically 

unconstrained. The Guiana Shield has two major Archean nuclei: the Venezuelan Imataca block 

in the west and the Amapá block in the east. (Delor, et al., 2001). 

Suriname's Proterozoic basement is categorized into three metamorphic belts: the low-grade 

Marowijne Greenstone Belt in the northeast, the high-grade Bakhuis Granulite Belt and 

Coeroeni Gneiss Belt in the northwest and southwest, respectively, and a large area with various 

types of granitoid rocks and felsic metavolcanic rocks in the central part of the country. The 

Paleoproterozoic Tafelberg Formation, a sandstone relic of the Roraima Supergroup, lies on top 

of the basement. The basement is cut by Proterozoic and Early Jurassic dolerite dykes 

(Kroonenberg, et al., 2016). 

 
Figure 7 - The Guiana Shield and the Central Brazilian Shield together form the Amazonian 

Craton (Kroonenberg, et al., 2016). 

2.3.2 Marowijne Greenstone Belt 

The Marowijne Greenstone Belt in Suriname forms 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 (Kroonenberg, et al., 2016). 

The Marowijne Greenstone Belt is subdivided into several formations: 

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

2) the Armina Formation, comprising metagreywackes and phyllites representing 

metaturbidites 

3) the Rosebel Formation, overlying the Paramaka and Armina Formation and consisting 

of metaconglomerates and meta-arenites 

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

ultramafic plutons 
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5) TTG and granite plutons that have intruded the Armina formation (Goumans, 2019).  

 

Figure 8 - Geological map of Suriname, produced by TNO (2018). Saraôs Lust Gneisses in 

purple, the Marowijne Greenstone Belt includes the Paramaka Formation in several shades of 

green and the Armina Formation in turquoise (1), the Kabel Tonalite in dark red (2), the 

Bakhuis Granulite Belt in violet (3), the Cauarane-Coeroeni Gneiss Belt in blue (4). 

2.4 Saraôs Lust Gneiss 
The Marowijne greenstone belt is bordered on both its northern and southern flanks by a zone 

of high-grade metamorphic (Figure 8 - Geological map of Suriname, produced by TNO (2018). 

Saraôs Lust Gneisses in purple, the Marowijne Greenstone Belt includes the Paramaka 

Formation in several shades of green and the Armina Formation in turquoise (1), the Kabel 

Tonalite in dark red (2), the Bakhuis Granulite Belt in violet (3), the Cauarane-Coeroeni Gneiss 

Belt in blue (4)., usually migmatitic gneisses and amphibolites (Bosma , Kroonenberg, Maas, 

& De Roever , 1983). These rocks were given the same signature as the highgrade rocks in the 

Coeroeni area on a geological map from 1977, but current data suggest that they are likely about 

100 Ma older, therefore they shall be properly named Sara's Lust Gneisses. The rocks in the 

northern segment of the belt are predominantly migmatitic hornblendeïbiotite gneisses, biotiteï

plagioclase gneisses, garnetïbiotite gneisses and quartzofeldspathic gneisses, with minor 

amphibolites, locally with garnet or clinopyroxene, and furthermore pelitic sillimaniteïbiotiteï

muscovite gneisses and calcsilicate rocks, clearly of supracrustal origin (Kroonenberg, et al., 

2016).  

In the southwestern segment of the belt near the De Goeje Mountains andalusiteïcordierite 

sillimanite schists, garnet-biotite gneiss and pyroxene gneisses are also found (Van Eijk, 1961). 
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In the southwestern flank, the Saraôs Lust Gneisses predominantly consist of garnet-biotite 

gneisses, andalusite-cordierite sillimanite schists and ortho- and clinopyroxene gneisses, in 

which the presence of orthopyroxene, if metamorphic, would evidence that metamorphic 

conditions were up to granulite facies. The presence of orthopyroxene as a magmatic or 

metamorphic mineral is, however, unknown. Sara's Lust gneisses, on the other hand, are 

metamorphic rocks of the amphibolite facies. Although metamorphism occurs primarily in the 

higher amphibolite facies, orthopyroxene can be found in some gneisses and amphibolites in 

the southern band and enclaves, indicating that granulite facies conditions were attained. 

(Barink, 1975; Ho Len Fat, 1975). 

2.5 Coeroeni gneiss 
The Coeroeni Gneiss Belt, located in southwestern Suriname, is a southeast-trending highgrade 

belt. It consists of amphibolite-facies quartzofeldspathic gneisses and amphibolite-facies and 

granulite-facies metapelitic gneisses with assemblages including sillimanite, cordierite and 

garnet, as well as minor amphibolites, quartzites, calcsilicate rocks, marbles and ultramafic 

rocks (Kroonenberg S. , 1976). With granulite-facies rocks in the center and amphibolite-facies 

rocks surrounding it, the Coeroeni Gneiss Belt creates a domal structure. The norm is isoclinal 

folding with vertical fold axes, and NWïSE strikes are the most common. Discordant pegmatite 

veins are common. A recently obtained 1995±4 Ma U-Pb SHRIMP age on monazites of an S-

type granitic body associated with Cauarane migmatites is interpreted as reflecting the 

metamorphism in the Cauarane-Coeroene Belt (CCB). We consider that the CCB represents a 

key tectonic feature of the Guyana shield. It marks the approximate limit between two entirely 

distinct domains: (1) to the north, the preserved juvenile Rhyacian (2.22-2.08 Ga) granite-

greenstone terrane and Archean and Rhyacia terranes, partially recycled at around 2.05 Ga; and 

(2) to the south, an intensely reworked domain in which the basement is only locally preserved 

and a 1.89-1.81 Ga old extensive volcano-plutonic magmatism is largely dominant (Fraga, Reis, 

Dall`Agnol, & Armstrong, 2008). 

2.6 Geology of Kabofe and Jaikreek area 
The location of the samples is plotted on the geological map of 2018 using Qgis (Figure 8 - 

Geological map of Suriname, produced by TNO (2018). Saraôs Lust Gneisses in purple, the 

Marowijne Greenstone Belt includes the Paramaka Formation in several shades of green and 

the Armina Formation in turquoise (1), the Kabel Tonalite in dark red (2), the Bakhuis Granulite 

Belt in violet (3), the Cauarane-Coeroeni Gneiss Belt in blue (4).. The Kabofe and Jaikreek area 

is underlain by Unit 43; Biotite tonalite, Unit 24; Biotite granite and not to forget the important 

Unit 42; migmatitic biotite gneiss and orthopyroxene-bearing amphibolite (Saraôs Lust gneiss) 

and dolerites. 
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Figure 9 - The geological map 2018 of Suriname zoomed in to the Saraôs Lust Gneisses 

showing the sample locations.  

3. Methodology  

3.1 Literature study and previous work 
The initial phase of this study focused on examining past work and reports from 1984 in the 

study area. This entailed obtaining thin sections from the 1970ôs. In Chapter 4, the outcomes of 

past research will be provided for comparison. 

3.2 Petrographic analyses 
A total of 30 thin sections that was sampled by the GMD in the 1970ôs was examined. These 

thin sections were analyzed using a petrographic microscope at the Geological Mining 

Department (GMD) and the Leica DM750P petrographic microscope at the Anton De Kom 

University. The petrographic description has been made for the texture and mineralogy. Six 

thin sections of Jaikreek (AG and EP series), and twenty four thin sections for the Kabofe area 

(JK series). These samples were selected on the basis of previous descriptions by GMD, because 

of their possible indication of metamorphic grade.    

4. Results 
Petrographic observations on mineral composition and textures are summarized in a table for 

each thin section. For each sample, a summary of the petrographic observations is provided in 

a table. For metamorphosed rocks and unmetamorphosed rocks, petrographic observations are 

used to provide preliminary interpretations of the protolith and rock types. In de table below, 

the thin sections are labeled with their corresponding rock names.  

Rock name Thin Section # 

Amphibolite AG-109 

AG-117 
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JK 1583 

JK 1592 

JK 1674 

Sillimanite gneiss EP-643 

EP-644 

Garnet-muscovite-

biotite gneiss 

AG-142 

AG-161 

JK 1605 

Garnet-Biotite gneiss JK 1589 

Hornblende-biotite 

gneiss 

JK 1573 

Biotite gneiss JK 1582 

JK 1585 

Migmatitic gneiss JK 1612 

JK 1599 

Talc schist JK 1600 

Dolerite  JK 1575 

JK 1603 

JK 1604 

Felsic igneous rock JK 1574 

JK 1579 

JK 1591 

JK 1609 

JK 1663 

JK 1664 

Pegmatite JK 1577 

JK 1671 

JK 1678 

Weathered bauxite JK 1586 

Table 1- Thin Section with the rock name  

4.1 Amphibolite  
Table 2 - Summary of petrographic observations of AG-109. Percentages are estimated. 
AG-109 

Mineral Content Percentage Observations Rock type 

Plagioclase 29 -Granoblastic 

plagioclase 

-Poikiloblastic clino-

pyroxene  

-Primary 

metamorphic 

hornblende   

-Clino-pyroxene 

partly converted 

Cpx amphibolite   

Microcline  8 

Clino-Pyroxene  21 

Hornblende 12 

Tremolite  14 

Chlorite 11 

Epidote 4 

 

AG-109 contains the minerals plagioclase, microcline, clino-pyroxene, hornblende, tremolite, 

epidote, chlorite and opaque. The clinopyroxene is partly converted to green amphibole, 
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actinolite or hornblende, at the edges (Figure 10 - Petrographic images of AG-109 a) On the Right 

the conversion of Clinopyroxene is observed in Plane Polarized Light PPL b) Crossed Polarized Light 

XPL.a, b). A granoblastic texture of the mineral plagioclase was observed. Granoblastic texture 

is the typical equigranular texture formed in metamorphic rocks when grains mutually adjust 

their boundaries in the solid state in an attempt to achieve textural equilibrium. The minerals 

do not show a strong tendency to develop their characteristic crystal shape, but are equant, with 

fairly uniform grain size and straight or smoothly-curved boundaries. The type of granoblastic 

texture is nodular, results from the growth of oval - shaped porphyroblasts (Alex Strekeisen, 

2020). Big poikiloblastic clino-pyroxene that is coverting into tremolite, a silicate mineral and 

member of the amphibole group. Poikiloblastic texture describes porphyroblasts which are 

riddled with finer grained inclusions of other minerals.  Primary metamorphic hornblende was 

also present in this thin section.  

 
Figure 10 - Petrographic images of AG-109 a) On the Right the conversion of Clinopyroxene is observed 

in Plane Polarized Light PPL b) Crossed Polarized Light XPL.  

 

 

Table 3 - Summary of petrographic observations of AG-117. Percentages are estimated. 

AG-117 

Mineral Content Percentage Observations  Rock type 

Plagioclase 23 -Granoblastic 

plagioclase 

 

Cpx amphibolite  

Quartz  11 

Clino-Pyroxene  14 

Epidote  8 

Hornblende  25 

Chlorite  15  

 

AG-117 mainly contains plagioclase, hornblende, small quartz, clino-pyroxene, hornblende, 

epidote, chlorite. Lesser amounts of quartz, clino-pyroxene, epidote, chlorite is present. Clino-

pyroxene is partly converted. The granoblastic texture with the nodular type is present (Figure 

11 - Petrographic images of AG-117 a) Plane Polarized Light PPL b) Crossed Polarized Light XPL.).  
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Figure 11 - Petrographic images of AG-117 a) Plane Polarized Light PPL b) Crossed Polarized Light 

XPL. 

 

Table 4 - Summary of petrographic observations of JK 1583. Percentages are estimated. 

JK 1583 

Mineral Content Percentage Observations Rock type 

Quartz 10 -Hornblende 

relatively oriented 

-Good two direction 

cleavage hornblende 

Amphibolite 

Plagioclase  13 

Epidote 5 

Hornblende 62 

Chlorite  8 

 

JK1583 mostly contains plagioclase and hornblende. Lesser amounts of epidote, quartz, and 

chlorite are found. When it comes to grain size, almost all of this thin section is heterogeneous. 

The hornblendes are relatively oriented. The hornblende shows good in two directions {110} 

cleavage, they are at nearly obtuse angles (124° with 56°), and in one direction for longitudinal 

section (Figure 12- Petrographic images of JK1583 a) Crossed Polarized Light XPL b) Plane Polarized 

Light PPL.). Sections parallel to (100) which display no cleavage since both cleavages are at too 

acute an angle to the section to be visible. JK1583 is characterized as an amphibolite based on 

metamorphic mineral content and mostly a weak alignment of minerals.  

  
Figure 12- Petrographic images of JK1583 a) Crossed Polarized Light XPL b) Plane Polarized Light 

PPL.  
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Table 5 - Summary of petrographic observations of JK 1592. Percentages are estimated. 

JK 1592 

Mineral Content Percentage Observations Rock type 

Quartz 10 -Granoblastic 

structure 

-fairly uniform grain 

size  

Amphibolite 

Plagioclase 10 

Hornblende  40 

Clino-pyroxene 24 

Chlorite  16 

 

JK1592 is mostly contains hornblende and clino-pyroxene. The striking dark green color 

indicates hastingsite hornblende. Besides those there are quartz, plagioclase and chlorite 

crystals present in smaller amounts. Granoblastic structure is observed in another zone(Figure 

13- Petrographic images of JK1592 a) Plane Polarized Light PPL b) Crossed Polarized Light XPL). The 

minerals do not show a strong tendency to develop their characteristic crystal shape, but are 

equant, with fairly uniform grain size and straight or smoothly-curved boundaries (Waters, 

1997). This thin section is classified as an amphibolite due to its metamorphic mineral 

composition and generally weak mineral alignment.  

 
Figure 13- Petrographic images of JK1592 a) Plane Polarized Light PPL b) Crossed Polarized Light 

XPL. 

Table 6 - Summary of petrographic observations of JK 1674. Percentages are estimated. 

JK 1674 

Mineral Content Percentage Observations Rock type 

Quartz 8 -hornblende 

converting into 

epidote-quartz worm 

like alteration 

Cpx Amphibolite 

Plagioclase 14 

Hornblende 36 

Clino-pyroxene  21 

Epidote 8 

Chlorite  9 

 

JK1674 mainly contains hornblende, clino-pyroxene and plagioclase. Epidote, chlorite and 

small quartz crystals are present in lesser amounts. Observed in one part of the thin section is 

hornblende converting into epidote-quartz worm-like alteration (Figure 14 - Petrographic images 

of JK1674 a) Crossed Polarized Light XPL b) Plane Polarized Light PPL), this due to the 

metamorphism. 
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Figure 14 - Petrographic images of JK1674 a) Crossed Polarized Light XPL b) Plane Polarized Light 

PPL. 

4.2 Sillimanite gneiss  
Table 7 - Summary of petrographic observations of EP-643. Percentages are estimated. 

EP-643 

Mineral Content Percentage Observations Rock type 

Plagioclase 17 -Fibrolite expresses 

gneissic bands 

- Deformation 

twinning in biotite 

- gneissic bands 

Sillimanite gneiss 

Quartz 33 

Biotite 14 

Muscovite 8 

Fibrolite  6 

Sillimanite  11 

Chlorite  9 

 

Fibrolite, variety of sillimanite, is the most notable mineral found in EP-643. Besides fibrolite, 

this thin section is mainly composed of biotite, muscovite, quartz, and plagioclase. The biotite 

grains are light colored due to low titanium content. The biotite also shows deformation 

twinning. Basal sections of sillimanite also present (Figure 15 - Petrographic images of EP-643 

a)Fibrolite in Plane Polarized Light PPL b) Fibrolite in Crossed Polarized Light XPL c)Sillimanite 

crystals in Plane Polarized Light PPLc). Basal sections are almost square and have cleavage 

parallel to the long axis. EP-643 is characterized by gneissic bands, which are predominantly 

expressed by fibrolite (Figure 15 - Petrographic images of EP-643 a)Fibrolite in Plane Polarized Light 

PPL b) Fibrolite in Crossed Polarized Light XPL c)Sillimanite crystals in Plane Polarized Light PPLa, 

b). Furthermore, muscovite and biotite are sometimes intergrown. The intergrown character of 

muscovite and biotite indicates that they are stable together.  

Cpx Cpx 
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Figure 15 - Petrographic images of EP-643 a)Fibrolite in Plane Polarized Light PPL b) Fibrolite in 

Crossed Polarized Light XPL c)Sillimanite crystals in Plane Polarized Light PPL 

Table 8 - Summary of petrographic observations of EP-644. Percentages are estimated. 

EP-644 

Mineral Content Percentage Observations Rock type 

Quartz 33 -Sillimanite 

inclusions in chlorite 

and biotite 

-pleochroic halos in 

biotite 

 

Sillimanite gneiss  

Biotite 26 

Sillimanite  8 

Chlorite  15 

Apatite  Accessory  

Zircon Accessory 

 

This thin section contains quartz, biotite, sillimanite, and chlorite. Apatite is an accessory 

mineral. Basal sections of sillimanite crystals show cleavage. Pieces of sillimanite inclusions in 

chlorite crystals. Biotite shows little preferred orientation. Also, there are sillimanite inclusions 

in the biotite crystals (Figure 16 - Petrographic images of EP-644 a) sillimanite inclusions in the biotite 

in Plane Polarized Light PPL b) Pleochroic halos in Plane Polarized Light PPL c) Zircon in  Crossed 

Polarized Light XPL.a, b). The biotite contains pleochroic halos around the zircons (Figure 16 - 

Petrographic images of EP-644 a) sillimanite inclusions in the biotite in Plane Polarized Light PPL b) 

Pleochroic halos in Plane Polarized Light PPL c) Zircon in  Crossed Polarized Light XPL.b).  



29 
 

 
Figure 16 - Petrographic images of EP-644 a) sillimanite inclusions in the biotite in Plane Polarized 

Light PPL b) Pleochroic halos in Plane Polarized Light PPL c) Zircon in  Crossed Polarized Light XPL. 

4.3 Garnet-muscovite-biotite gneiss 
Table 9 - Summary of petrographic observations of AG-142. Percentages are estimated. 

AG-142 

Mineral Content Percentage Observations Rock type 

Plagioclase 33 - (chloritized) 

biotite-rich bands 

-sericite alteration in 

plagioclase 

-Microcline crossed 

hatch twinning 

-opaque mineral 

converted to iron 

oxide.  

Garnet muscovite 

biotite gneiss  Quartz  19 

Microcline  6 

Biotite  17 

Muscovite  8 

Chlorite 5 

Garnet Accessory 

Pyrite  Accessory 

Apatite  Accessory  

 

In this thin section plagioclase, biotite, quartz and muscovite make up the majority of the 

mineral assemblage. The apatite, garnet and the pyrite are accessory minerals. Biotite is low in 

titanium and is sporadically altered to chlorite (Figure 17 - Petrographic images of AG-142 a) 

opaque mineral is converted to iron oxide in Plane Polarized Light PPL b) Crossed Polarized Light XPL  

c) Garnet crystal in Plane Polarized Light PPL.a, b). Most of the biotite are chloritized. Biotite 

shows preferred orientation. The chlorite crystals have a berlin blue interference color. Crossed 

hatch twinning which is microcline. An opaque mineral is converted to iron oxide (Figure 17 - 
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Petrographic images of AG-142 a) opaque mineral is converted to iron oxide in Plane Polarized Light 

PPL b) Crossed Polarized Light XPL  c) Garnet crystal in Plane Polarized Light PPL.a). The previous 

mineral could be a pyrite. This explains why the opaque mineral is dark brownish in XPL. 

Plagioclase seems to have small parts of sericite alterations (Figure 17 - Petrographic images of 

AG-142 a) opaque mineral is converted to iron oxide in Plane Polarized Light PPL b) Crossed Polarized 

Light XPL  c) Garnet crystal in Plane Polarized Light PPL.b).  

 
Figure 17 - Petrographic images of AG-142 a) opaque mineral is converted to iron oxide in Plane 

Polarized Light PPL b) Crossed Polarized Light XPL  c) Garnet crystal in Plane Polarized Light PPL. 

 

Table 10 - Summary of petrographic observations of AG-161. Percentages are estimated. 

AG-161 

Mineral Content Percentage Observations Rock type 

Plagioclase 27 -biotite preferred 

orientation  

-metamorphic 

foliation present 

 

Garnet muscovite 

biotite gneiss  Quartz  19 

Biotite  17 

Muscovite  12 

Chlorite  8 

Garnet  Accessory 

Apatite  Accessory  

Zircon  Accessory  

 

The main mineral assemblage in AG-161 is plagioclase, quartz, biotite, muscovite. The epidote 

and chlorite are in smaller amounts. Apatite, garnet and zircon are accessory minerals. Biotite 

c 
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shows little preferred orientation. These are also more attached to garnet grains, which indicates 

that there is a change or transition. They are enclosed by plagioclase and quartz crystals. A light 

metamorphic foliation is present. Garnet crystals are enclosed by biotite.  

 
Figure 18 - Petrographic images of AG-161 a) Plane Polarized Light PPL showing garnet and biotite 

in plagioclase and quartz matrix b) Crossed Polarized Light XPL. 

 

Table 11 - Summary of petrographic observations of JK 1605. Percentages are estimated. 

JK 1605 

Mineral Content Percentage Observations Rock type 

Quartz 31 - biotite little 

preferred orientation 

Garnet-muscovite-

biotite gneiss Plagioclase 24 

Muscovite 12 

Biotite 13 

Epidote 8 

Chlorite  8 

Garnet Accessory 

 

This thin section mostly consists of quartz, plagioclase, muscovite and biotite. In lesser 

quantities are epidote and chlorite and garnet is an accessory mineral. Biotite is high in titanium, 

as seen by its dark brown color. The biotite crystals show little preferred orientation. Biotite 

and muscovite are surrounded by felsic minerals. 
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Figure 19 - Petrographic images of JK1605 a) Plane Polarized Light PPL showing garnet, biotite and 

muscovite in feldspar and quartz matrix b) Crossed Polarized Light XPL c) Crossed Polarized Light 

XPL of epidote in feldspar and quartz matrix.  

4.4 Garnet-biotite gneiss 
Table 12 - Summary of petrographic observations of JK 1589. Percentages are estimated. 

JK 1589 

Mineral Content Percentage Observations Rock type 

Quartz 31 -Myrmekite 

intergrowth 

-cross-hatched 

twinning microcline  

Garnet- Biotite 

gneiss Plagioclase 20 

Microcline  10 

Epidote 8 

Chlorite  12 

Biotite 10 

Titanite Accessory 

Apatite  Accessory  

Zircon Accessory  

Garnet Accessory 

 

JK1589 contains quartz, plagioclase, microcline, biotite, chlorite and epidote. Titanite, apatite 

and zircon are accessory minerals. Cross-hatched twinning present, indicating microcline (k-

feldspar). The biotite crystals have brown color due to the titanium content. Myrmekite texture 

present (Figure 20 -d). Myrmekite is a vermicular (worm-like, symplectic) intergrowth of quartz 

and sodic plagioclase (generally oligoclase), formed by replacement of K-feldspar, typically in 

deformed granitic rocks (Vernon, 2004). Zircon, showing very high relief and high-order 
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interference colors, is found in the form of small crystals included in a plagioclase crystal 

(Figure 20 -c). 

 
Figure 20 - Petrographic images of JK1589 a) Crossed Polarized Light XPL b) Plane Polarized Light 

PPL of biotite, epidote and garnet in feldspar and quartz matrix c)Zircon in Crossed Polarized Light 

XPL d) Myrmekite intergrown in Crossed Polarized Light XPL. 

4.5 Hornblende- Biotite gneiss 
Table 13 - Summary of petrographic observations of JK 1573. Percentages are estimated. 

JK 1573 

Mineral Content Percentage Observations Rock type 

Quartz 37 -Preferred 

orientation (foliated) 

-Compositional 

bands with 

(chloritised) biotite-

rich bands 

Hornblende-Biotite 

gneiss Plagioclase  5 

Epidote 8 

Hornblende 10 

Biotite 15 

Chlorite  10 

Titanite Accessory 

 

This thin section contains quartz, epidote, hornblende, biotite, chlorite, and plagioclase. Titanite 

is an accessory mineral (Figure 21 - Petrographic images of JK1573 a)Titanite crystal in Plane 

Polarized Light PPL b)Crossed Polarized Light XPL c) Plane Polarized Light PPL.a). Compositional 

gneissic bands were found on JK1573. This gneissic layering is characterized primarily by 

biotite grains oriented along a preferred orientation. The biotite in this thin section is mostly 

chloritized seen by the colors they show in XPL (Figure 21 - Petrographic images of JK1573 
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a)Titanite crystal in Plane Polarized Light PPL b)Crossed Polarized Light XPL c) Plane Polarized Light 

PPL.b, c).  

 

 
Figure 21 - Petrographic images of JK1573 a)Titanite crystal in Plane Polarized Light PPL b)Crossed 

Polarized Light XPL c) Plane Polarized Light PPL.  

4.6 Biotite gneiss 
Table 14 -  Summary of petrographic observations of JK 1582. Percentages are estimated. 

JK 1582 

Mineral 

Content 

Percentage Observations Rock type 

Quartz 18 -Granoblastic 

texture  

-biotite 

preferred 

orientation 

Biotite gneiss 

Plagioclase  40 

Epidote 7 

Biotite 15 

Chlorite 10 

Zircon Accessory  

 

JK1582 is primarily composed of plagioclase, quartz, and biotite. Chlorite and epidote are 

present in lesser amounts. Zircon is an accessory mineral. Biotite shows preferred orientation. 

The biotite crystals are brown due to high titanium content. One of the biotite crystal has an 

epidote inclusion (Figure 22- Petrographic images of JK1582 a) Crossed Polarized Light XPL b) Plane 

Polarized Light PPL.a, b). Another zone of the thin section shows granoblastic amoeboid texture, 

where all the grains have irregular outlines, and all the minerals are anhedral. Granoblastic 

texture is the typical equigranular texture formed in metamorphic rocks when grains mutually 
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adjust their boundaries in the solid state in an attempt to achieve textural equilibrium. The 

minerals do not show a strong tendency to develop their characteristic crystal shape, but are 

equant, with fairly uniform grain size and straight or smoothly-curved boundaries (Alex 

Strekeisen, 2020). 

 
Figure 22- Petrographic images of JK1582 a) Crossed Polarized Light XPL b) Plane Polarized Light 

PPL.  

 

Table 15 - Summary of petrographic observations of JK 1585. Percentages are estimated. 

JK 1585 

Mineral Content Percentage Observations Rock type 

Quartz 31 -small sericite 

alteration in 

plagioclase 

-Preferred 

orientation (foliated)  

Biotite gneiss 

Plagioclase 26 

Epidote 10 

Chlorite  5 

Biotite 20 

Titanite Accessory  

 

This thin section mainly consists quartz, plagioclase and biotite. A lesser amount of epidote and 

chlorite and titanite is an accessory mineral. Typical impingement of biotite grains is noticed. 

The planes of both being shown as parallel lines. The biotite crystals are pink, green to reddish-

brown in color and have a preferred orientation and are strongly deformed by microfault planes. 

They are surrounded by plagioclase and quartz crystals. The biotite crystal has a titanite 

inclusion (Figure 23 -c, d). Another zone of the thin section has epidote inclusion in the biotite 

(Figure 23 -a, b). There is a small sericite alteration observed in a plagioclase crystal. 
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Figure 23 - Petrographic images of JK1585 a) Epidote inclusion in Crossed Polarized Light XPL b) 

Plane Polarized Light PPL c)Titanite inclusion in Crossed Polarized Light XPL d) Plane Polarized 

Light PPL. 

4.7 Migmatitic gneiss 
Table 16 - Summary of petrographic observations of JK 1612. Percentages are estimated. 

JK 1612 

Mineral Content Percentage Observations Rock type 

Quartz 26 -Migmatitic structure 

with leucosome 

-granoblastic 

structure  

 

Hornblende-Biotite 

gneiss Plagioclase 14 

Biotite 18 

Hornblende 8 

Titanite 5 

Epidote 8 

Chlorite  11 

Allanite/ Orthite  Accessory 

 

This thin section mostly consists of quartz, plagioclase and biotite. Hornblende, titanite, 

epidote, and chlorite minerals are present in smaller amounts. Allanite is an accessory mineral. 

There are dark brown biotite crystals, which indicates high quantities of titanium. In a zone of 

the thin section granoblastic structure is observed. An epidote crystal is included in a biotite 

crystal (Figure 24 -a, b). The hornblende has a biotite inclusion (Figure 24 -e, f) and an epidote 

crystal has an allanite inclusion (figure 25c, d). Allanite is also known as Orthite. The structure 

of allanite is similar to that of the other monoclinic members of the epidote group. It has a 
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brown to black color in XPL (Figure 24 -d). Allanite contains a high concentration of radioactive 

elements. Specific elements include uranium and thorium. Furthermore, we observed 

migmatitic structure with leucosome (Figure 24 -g). This indicates the transition from 

metamorphic to igneous rocks in the rock cycle. The migmatites are formed at temperatures 

above approximately 650 □C 
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Figure 24 - Petrographic images of JK1612 a) Epidote inclusion in Plane Polarized Light PPL b) 

Crossed Polarized Light XPL c) Allanite inclusion in Plane Polarized Light PPL d) Crossed Polarized 

Light XPL e)Plane Polarized Light PPL f) Crossed Polarized Light XPL g)Plagioclase leucosome in 

Crossed Polarized Light XPL.  

 

Table 17 - Summary of petrographic observations of JK 1599. Percentages are estimated. 

JK 1599 

Mineral Content Percentage Observations Rock type 

Quartz 24 - gneissic structure 

-Leucosome  

- Myrmekite 

intergrowth  

Biotite gneiss 

Plagioclase 32 

Epidote 8 

Chlorite  10 

Biotite 21 

Titanite Accessory  

 

This thin section contains plagioclase, quartz, biotite, chlorite and epidote. The titanite is an 

accessory mineral. Biotite has a dark brown color, due to high titanium content. The titanite 

crystals are included in chlorite and plagioclase (Figure 25 -a, b). Macroscopic observation of 

the thin section, the presence of a leucosome is noticed, which contains plagioclase and quartz 

crystals (Figure 25 -d). Leucosome is a mobile, light-colored (leucocratic) felsic material 

produced in migmatization (commonly involving partial melting or anatexis) when separated 

from solid mafic products of the melting reaction. Leucosome consists of melt or melt products, 

such as crystals precipitated from the melt or from residual melt separated from precipitated 

crystals; igneous microstructures are common in non-deformed or weakly deformed 

leucosomes (Vernon, 2004). The mineral composition in this thin section indicates a gneissic 

rock and the leucosome points out to migmatitic rock. The name of this thin section rock is 

migmatitic Biotite gneiss. Migmatites represent the transition from metamorphic to igneous 

rocks in the rock cycle. The migmatites are formed at temperatures above approximately 650 □C.  
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Figure 25 - Petrographic images of JK1599 a) Titanite inclution in Plane Polarized Light PPL b) 

Crossed Polarized Light XPL c) Myrmekite intergrowth in Crossed Polarized Light XPL d)Plagioclase 

leucosome in Crossed Polarized Light XPL. 

4.8 Talc Schist 
Table 18 - Summary of petrographic observations of JK 1600. Percentages are estimated. 

JK 1600 

Mineral Content Percentage Observations Rock type 

Talc 58  Talc schist 

Tremolite 18 

Chlorite 19 

 

JK1600 contains talc, tremolite and chlorite minerals. The tremolite mineral is identified by its 

typically formed columnar and needle-like crystals, with amphibole like cleavage (Figure 26 -

a). Talc was recognizable by its interference third-order colors, similar to muscovite (Figure 26 

-b). It forms flakes or aggregates and often displays a single cleavage.  
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Figure 26 - Petrographic images of JK1600 a) Plane Polarized Light PPL b) Crossed Polarized Light 

XPL. 

4.9 Dolerite 
Table 19 - Summary of petrographic observations of JK 1575. Percentages are estimated. 

JK 1575 

Mineral Content Percentage Observations Rock type 

Plagioclase 51 -Polysynthetic 

twinning and 

Carlsbad twinning in 

plagioclase 

-Late-magmatic 

chlorite-rich fill  

Dolerite  

Clino-pyroxene 37 

Chlorite  10 

 

Thin section JK1575 was found to be mainly composed of clino-pyroxene and plagioclase and 

chlorite was present in a smaller amount. Furthermore, noticed is a late-magmatic chlorite-rich 

fill ( Figure 27 -a, b). Late-magmatic reactions relate to rocks or minerals that crystallize during 

the later stages of the cooling period of a magma. Based on the mineral composition and grain 

size, this rock is a coarse-grained Dolerite which underwent metamorphism.  

 
Figure 27 - Petrographic images of JK1575 a) Late magmatic chlorite-rich fill in Plane Polarized Light 

PPL b) Crossed Polarized Light XPL.  

 

Table 20 - Summary of petrographic observations of JK 1603. Percentages are estimated. 
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JK 1603 

Min eral Content Percentage Observations Rock type 

Plagioclase 33 -Polysynthetic 

twinning in 

plagioclase 

-Late-magmatic 

chlorite-rich fill  

Dolerite 

Clino-pyroxene 48 

Chlorite  8 

 

Thin section JK1603 majorly consist clino-pyroxene and plagioclase. Chlorite is present in a 

lesser amount. Plagioclase shows polysynthetic twinning, where the compositions surfaces are 

parallel to one another. Clino-pyroxene shows cleavage parallel to {110}, which intersect at 

90°. A late-magmatic chlorite-rich fill is also visible. Late-magmatic reactions refer to the 

crystallization of rocks or minerals during the cooling phase of a magma (Figure 28 -a, b). 

Similar texture observed as in JK1575 and the rock type is also the same. JK1575 also contain 

alkali-feldspar. This dolerite rock is also coarse-grained.   

 
Figure 28 - Petrographic images of JK1603 a) Late magmatic chlorite-rich fill in Plane Polarized Light 

PPL b) Crossed Polarized Light XPL. 

Table 21 - Summary of petrographic observations of JK 1604. Percentages are estimated. 

JK 1604 

Mineral Content Percentage Observations Rock type 

Plagioclase 41 -Polysynthetic 

twinning and 

Carlsbad twinning in 

plagioclase 

Dolerite 

Clino-pyroxene 38 

Epidote 5 

Chlorite  8 

 

JK1604 is a fine-grained rock, that mainly contains plagioclase and clino-pyroxene, epidote and 

chlorite are present in fewer quantities. Homogeneous grain size throughout the whole thin 

section (Figure 29 - Petrographic images of JK1604 a) Plane Polarized Light PPL b) Crossed Polarized 

Light XPL c) Plagioclase phenocryst in Crossed Polarized Light XPL.a, b). However, presence of 

plagioclase phenocrysts are observed. Phenocrysts often have euhedral forms, either due to 

early growth within a magma, or by post-emplacement recrystallization (Figure 29 - Petrographic 

images of JK1604 a) Plane Polarized Light PPL b) Crossed Polarized Light XPL c) Plagioclase 

phenocryst in Crossed Polarized Light XPL.c). Based on the mineral content this rock is a fine-

grained dolerite rock. 
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Figure 29 - Petrographic images of JK1604 a) Plane Polarized Light PPL b) Crossed Polarized Light 

XPL c) Plagioclase phenocryst in Crossed Polarized Light XPL. 

4.10 Felsic igneous rock 
Table 22 - Summary of petrographic observations of JK 1574. Percentages are estimated. 

JK 1574 

Mineral Content Percentage Observations Rock type 

Quartz 10  -Sericite alteration 

in plagioclase 

 

  

Granite 

Microcline  12 

Plagioclase 33 

Epidote 10 

Biotite 15 

Muscovite  10 

Chlorite  10 

Titanite Accessory 

Garnet Accessory 

 

JK1574 contains plagioclase, quartz, microcline, biotite, muscovite, epidote and chlorite. 

Titanite and garnet are accessory minerals. The light color platy-minerals present in the 

plagioclase are sericite alterations (Figure 30 -b, d). Sericite is a common alteration mineral of 

orthoclase or plagioclase feldspars. Sericite also occurs as the fine mica that gives the sheen to 

phyllite and schistose metamorphic rocks. Sericitization is frequently only developed in 

plagioclase, especially in plutonic granites, and commonly alkali feldspar remains relatively 

unaltered to secondary minerals (Strekeisen, 2020). Metamorphic foliations are not present.  
































