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Abstract: Monazite is a Th-bearing REE phosphate mineral which is present in some igneous and metamorphic 

rocks. It is a useful mineral for determination of the metamorphic history and age of its host rock because clues to 

past mineral reactions can be seen in trace element zoning. Monazite has been found in metasediments in Sten-

sjöstrand and thin sections have been made from rock samples to study the mineral. Thin sections 3c and 3b repre-

sent a migmatite gneiss with two different phases, mesosome and leucosome. The thin sections have been observed 

using polarization microscopy and two different types of monazite were discovered. The first type appears as small 

and oval or round crystals, often with distinct compositional domains and is found the leucosome. The second type 

appears as large, markedly irregular shaped crystals with indistinct compositional domains and is found the meso-

some. The chemical compositions as well as the compositional domains of different monazite crystals and the main 

mineral assemblage have been analyzed using SEM-EDX. The results show a clear difference in mineral composit-

ion and texture between the leucosome and the mesosome. Minerals found in the leucosome are quartz, plagioclase, 

K-feldspar, zircon and small biotite, ilmenite and monazite crystals. Minerals found in the mesosome are sillima-

nite, quartz, plagioclase, K-feldspar, garnet, zircon, and large biotite (some of them containing symplectites), ilme-

nite, hematite and monazite crystals. BSE-images reveal exsolution textures in K-feldspar and ilmenite. Analytical 

results from different compositional domains of different monazite crystals were inconsistent and not completely 

accurate and could only be used to compare relative differences in chemical composition between crystals. The 

acual reason for the difference between the two types of monazite crystals is not certain. It is hypothesized that the 

difference is due to a difference in age between the two types and resorption of the large monazite crystals in the 

mesosome. 
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Sammanfattning: Monazit är ett Ree– och Th-bärande fosfatmineral som förekommer i vissa magmatiska och 

metamorfa bergarter. Mineralet är användbart för datering av den metamorfa utvecklingen och kan bidra till att yt-

terligare karaktärisera metamorfosen i en bergart, detta genom att man undersöker zoneringar i kristallerna. Mo-

nazit har upptäckts i metasediment i Stensjöstrand och tunnslip har gjorts ifrån prover för att undersöka mineralet. 

Tunnslip 3c och 3b kommer ifrån en migmatitgnejs som har två skilda faser, mesosom och leukosom. Tunnslipen 

har studerats med polarisationsmikroskopi och två olika typer av monaziter har upptäckts. Den första typen är små 

och ovala eller runda, ofta med distinkt zonering, och de förekommer i leukosomen. Den andra typen har stora, 

påtagligt oregelbundet formade kristaller med otydlig zonering och de förekommer i mesosomen. Kemisk samman-

sättning och zonering i olika monazitkristaller och resterande mineralsällskap har analyserats med SEM-EDX. Re-

sultaten visar en tydlig skillnad i mineralsammansättningen och texturer mellan leukosomen och mesosomen. Mi-

neral som förekommer i leukosomen är kvarts, plagioklas, K-fältspat, zirkon och små biotit-, ilmenit- och mo-

nazitkristaller. Mineral som förekommer i mesosomen är sillimanit, kvarts, plagioklas, K-fältspat, granat, zirkon 

och stora biotit- (vissa har symplektit-inneslutningar), ilmenit-, hematit– och monazitkristaller. Back-scatterbilder 

visar avblandningar i både K-fältspat och ilmenit. Erhållna analysresultat från olika domäner i olika monazitkristal-

ler är inkonsekventa och inte fullständigt korrekta och kunde endast användas för att jämföra relativa skillnader i de 

kemiska sammansättningarna mellan olika kristaller. Den faktiska orsaken till skillnaderna mellan de två olika ty-

perna av moanzitkristallerna är inte säker. En hypotes är att orsaken till skillnaden är en skillnad i ålder mellan de 

två typerna och resorbtion av de de stora monazitkristallerna i mesosomen.  
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1  Introduction 
The purpose of the present study is to investigate the 

occurrence of a mineral called monazite in metasedi-

mentary rocks from Stensjöstrand, Halland. Main 

questions were: 

 What information can be gained from the textures 

and overall mineral assemblage in the rock sample?  

 Is there any complexity in the monazite crystals?  

 Can an analysis of the mineral give insight to past 

metamorphic events that have affected the host rock?  

 The bedrock at Stensjöstrand, Halland, has been 

affected by high-grade metamorphism. The study has 

focused on two thin sections, 09SGC-3b and 09SGC-

3c, of a rock sample of migmatite gneiss from the 

study area. The thin sections were first investigated 

using polarization microscopy. The main mineral 

assemblage and the overall texture were documented 

and also potential monazite crystals were located. As a 

second step the thin sections were investigated with 

scanning electron microscope linked with an energy-

dispersive X-ray equipment (SEM-EDX). The chemi-

cal compositions of the minerals found in the thin sect-

ions were analyzed. The results are presented and furt-

her discussed below. 

 

2  Geologic Setting 
Stensjöstrand is located in the eastern part of the 

Sveconorwegian Province, in the Eastern Segment 

(Fig. 1) where the bedrock is characterized by high-

grade metamorphism and dominated by migmatitic 

rocks. The high-grade metamorphism is a result of two 

orogenesis, the first being the Hallandian orogenesis at 

ca 1.44-1.42 Ga and the second being the Sveconor-

wegian continent-continent collision at ca 0.98-0.92 

Ga. Foliation is regionally developed in this meta-

morphic province in both large and small scales. The 

metamorphic facies diagram (Fig. 2) illustrates the P-T 

relations required for the mineral assemblages in the 

Stensjöstrand area; high-pressure granulite and upper 

amphibolite facies.(Dean et al., 2008)  

 The investigated rocks at Stensjöstrand are pelitic 

metasediments, which have undergone high-grade 

metamorphism and partial melting and formed migma-

titic gneisses consisting of two main parts: sillimanite-

rich mesosome and granitic leucosome. Both parts are 

folded and of almost equal size and extent.  The leuco-

some is granitic, has a red color and sugary texture 

while the mesosome is dark, mainly because of its 

biotite and opaque mineral content (Fig. 3A). The silli-

manite-rich mesosome has a different erosion surface 

than the thick leucosomes, which locally is up to 2 dm 

wide (Fig. 3B). The mesosome is mostly light grey in 

color and has rounded erosions surfaces. The granitic 

leucosome is commonly parallel to the mesosome and 

folded. Equigranular leucosome pods which cut across 

the folds appear locally.  

 

 

 

3  Monazite 
Monazite is a phosphate mineral of the formula      

REEPO4 containing light rare earth elements (LREE). 

It has a monoclinic crystal system and its color can 

vary between yellow, brown and reddish brown. Com-

monly the crystals are very small (a few µm across); 

larger crystals are rare (Williams et al., 2007). 

 The LREE that are most commonly found in mo-

nazite are Ce, La, Nd and Y. Because REE have che-

mical similarities they often substitute one another; 

Fig. 1. The Sveconorwegian Province. Stensjöstrands ap-

proximate location is marked on the image. (J. Andersson & 

C. Möller, Unpublished. Modified after Möller et al., 2007) 

Fig. 2. Pressure, temperature and depth (PTD) diagram 

showing different metamorphic facies. (Modified after dia-

gram from Winter, 2010) 
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therefore the chemical composition can vary between 

and within individual monazite crystals (BGS, 2011). 

Non-REE such as Th, Ca, Si, F, Cl and more rarely S 

can also substitute for the LREE found in monazite. 

The most common substitutions in monazite are: 

 

    P+5 + REE3+ ↔ Si4+ + Th4+ 

    2REE3+ ↔ Ca2+ + Th4+ 

 

 The first of these variations of monazite is known 

as huttonite and the second is known as cheralite 

(Williams et al., 2007). Due to the common occurrence 

of Th and U in monazite, sometimes enough to be of 

commercial interest, the mineral is radioactive. The 

radioactive elements produce Pb in the monazite crys-

tal. The radioactivity can over a large period of time 

result in damage to the mineral crystal (Boatner, 

2002).  

 Monazite appears as an accessory mineral in both 

alkaline igneous rocks and metamorphic rocks and can 

also originate from hydrothermal processes. It has 

been found concentrated in beach sands and streams as 

a detrital mineral (Deer et al., 1962). According to 

Spear & Pyle (2002) monazite is stable at and above 

greenschist facies in rocks of appropriate bulk compo-

sition. 

 Monazite is in the modern day used in science to 

study the age and metamorphic history of rocks and is 

commercially a source of REE, Th and U. Monazite 

dating utilizes Th/Pb, U/Pb or Pb/Pb ratios of indi-

vidual spots of microdomains in situ within crystals 

(analysis within in its textural setting). Information 

about the reaction history in a metamorphic rock is 

retrieved from trace elements and trace element zoning 

in minerals (Spear and Pyle, 2002).  

 

4  Analytical Methods 
Several thin sections were available from rocks in the 

Stensjöstrand study area. Two thin sections, 09SGC-

3b and 09SGC-3c were chosen for close investigation 

(Fig. 4). These two thin sections represent the sillima-

nite gneiss with red granitic leucosome shown in Figs. 

3A & B. Both were studied with polarized light 

microscopy and thereafter carbon coated and investi-

gated with scanning electron microscopy and energy-

dispersive X-ray spectroscopy (SEM-EDX) at the De-

partment of Geology, Lund University. The purpose 

was to examine the shape of the monazite crystals in 

different textural positions, their chemical composition 

and possible compositional zoning. The other minerals 

in the thin section were identified by polarized light 

microscopy and their chemical compositions analyzed 

by SEM-EDX. The SEM equipment is a Hitachi S-

3400N equipped with an EDX and INCA software. 

During analysis, the voltage was set to 15 kV and the 

instrument was calibrated using a Co-standard. Natural 

and synthetic mineral standards were used for analysis 

of the main elements. Spot analysis was primarily used 

to identify the chemical composition of the different 

minerals in the thin sections. 

5  Petrography 
Thin section 09SGC-3c has domains that lack sillima-

nite but are dominated by quartz, plagioclase and K-

feldspar (Fig. 4B). Small biotite crystals and opaque 

minerals also appear in these areas. These opaques 

have been identified as ilmenite. These domains con-

stitute leucosome, which formed by partial melting of 

the rock. Small zircon and monazite crystals are pre-

sent in the leucosome. 

 Remaining parts of the rock constitute mesosome, 

rich in sillimanite aggregates with a radiating texture. 

Along with sillimanite there are also hematite, 

feldspar, plagioclase, quartz, ilmenite, biotite, garnet, 

zircon and monazite. Biotite crystals and opaque mine-

rals are scattered and are relatively large (up to 3mm) 

but have varying shapes. Two biotite crystals were 

observed with irregular shaped intergrowths of quartz. 

Textures consisting of worm-like intergrowths (of va-

rious minerals) are known as symplectite (Fig. 5A).  

The opaque minerals were identified as ilmenite and 

hematite (Fig. 5B). Where present, hematite is associa-

Fig. 3. A. Migmatite gneiss with red, sugary textured leuco-

some at Stensjöstrand, host rock for thin sections 3b and 3c. 

B. Migmatite gneiss with sillimanite-rich mesosome at Sten-

sjöstrand. (Photographs by Leif Johansson, Lund University) 
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ted with ilmenite. The ilmenite and feldspar crystals 

are rich in lamellae (Fig. 5C&D). A few garnet crys-

tals were observed in the thin section. 

 The monazite crystals in thin section 3c are of two 

different kinds. The first type is small and oval or 

round shaped. A BSE image (Fig. 6A) shows one such 

crystal, compositionally zoned with two different do-

mains, where a darker rim envelops a lighter core. The 

second type of monazite crystal is typically larger and 

more irregularly shaped than the first, and has in-

distinct compositional domains. A BSE image (Fig. 

6C) shows one such monazite crystal which has four 

different domains shown in different shades of grey. 

Noteworthy is that the different types of monazite 

crystals appear in different areas of the thin section. 

The smaller, oval shaped monazite crystals appear 

almost exclusively in the leucosome whilst the larger 

irregular shaped monazite crystals appear exclusively 

in the mesosome.  

 An as-of-yet unidentified mineral aggregate was 

found in connection with the larger irregular shaped 

monazite crystals (Fig. 6E). This type of mineral ag-

gregate occurs as a thin orange coronae that envelopes 

the monazite crystal. It has at least three shades in 

BSE, ranging from very bright to dark grey. This mi-

neral aggregate can easily be located through polari-

zation microscopy because of its orange color. It se-

ems to always be associated with both sillimanite and 

monazite.   

 A mineral crystal located close by one of the large 

monazite crystals is most likely fine grained low-grade 

(retrograde) metamorphic muscovite (Fig. 6F). Similar 

to the yet unidentified mineral, the muscovite also 

forms a corona. 

 Thin section 09SGC-3b (Fig. 4A) has also been 

studied with a polarization microscope and SEM-

EDX. This thin section is from the same rock sample 

as thin section 3c. Its mineral composition is the same 

Fig. 4. Scanned images  of the investigated thin sections. A. Thin section 3b. B. Thin section 3c. The red lines show the approxi-

mate boundaries between the leucosome and the mesosome. The leucosome is characterized by colorless areas, consisting of 

plagioclase, quartz and K-feldspar with a few small opaque minerals (ilmenite). The mesosome is characterized by sillimanite 

(grey, radiating), opaques , biotite and garnet. 
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as that of thin section 3c. Akin to thin section 3c, 3b 

also has leucosome domains which are devoid of silli-

manite. Thin section 3b has only a few large, irregular 

monazite crystals similar to those found in 3c. 

 

6  Mineral Chemistry 
Tables 1-4 show EDX analyses of the different mine-

rals in thin sections 3b and 3c. Different compositional 

domains of monazite, varying in shades of grey, were 

analyzed. Crystal hosts and the respective lamellae of 

feldspars and ilmenite were analyzed separately.  

 The analysis results for ilmenite is presented in 

table 2. The ilmenite crystal hosts has a much greater 

percentage of Fe than Ti. Three different types of la-

mellae were observed within the analyzed ilmenite 

crystals. The first type appears as multiple dark thin 

lamellae that extend across the ilmenite crystal, lined 

up from left to right in Fig. 5C. These lamellae had 

higher Ti values and lower Fe values compared to the 

crystal host. One of the ilmenite crystals also had Mn 

in these lamellae. The second type appears as darker 

spots occurring similarly to the first kind of lamellae 

but at a smaller extent. These lamellae had much hig-

her Ti values and much lower Fe values than the 

previous lamellae. The third type appears as large dark 

cracks that run through the entire crystal, diagonally 

from top to bottom in Fig. 5C. This type of lamellae 

was analyzed in ilmenite crystal 2 and akin to the 

previous lamellae has high amounts of Ti and low 

amounts of Fe but also trace amounts of Nb. 

 Regarding the analysis of monazite, many of the 

wt-% totals deviate greatly from a desirable 100 wt-% 

total. This is because the available equipment and the 

setup of mineral standards in the analyzing instrument 

are not sufficient for analysis of REE and heavy ele-

ments such as Y, Yb and Th. As a result of the varying 

wt-% totals, the information in table 3 is not com-

pletely accurate and can only be used for relative com-

parison between individual monazite crystals. Analysis 

reveals that all monazite crystals contain Si and most 

of them also contain Al, although both elements only 

appear in low amounts. P, Ca, La, Ce and Th occur in 

varying amounts, some of them have relatively large 

variations between different mineral crystals. Y, Yb, 

Nb and S were not found. The results are in some 

cases not consistent between different monazite crys-

tals and their compositional domains. Si tends to con-

Fig. 5. Backscatter electron (BSE) images of different minerals in thin section 3c and lamellae found in both ilmenite and K-

feltspar. A. Biotite crystal with quartz inclusions (irregular shaped intergrowths also known as symplectite). B. Hematite (top) 

and ilmenite (bottom) in contact. Lamellae are visible in the ilmenite. C. Ilmenite crystal with three different kinds of lamellae, 

identifiable by differences in size and shade. D. Thin dark lamellae in K-feldspar identified as albite.  
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centrate in lighter domains; an exception to this is 

small monazite 1. Ca is concentrated in darker do-

mains in large complex monazite 1 & 2 and small mo-

nazite 2 whereas the opposite is true for small mo-

nazite 1.The results for Ca in large complex monazite 

2 are inconsistent. Th tends to be concentrated in 

lighter domains in all analyzed monazite crystals. 

 Analysis of K-feldspar and its lamellae reveals that 

the crystal host has higher K values than Na and the 

opposite is true for the lamellae (Na>K, table 4). This 

means that the feldspar in the migmatitic gneiss is 

perthitic and has an alkali feldspar crystal host with 

albite lamellae.  

The analyzed plagioclase was located in the leuco-

some; there were no apparent signs of lamellae. The 

Ca/Na ratios indicate that it is andesine. 

  

 

Fig. 6. BSE images showing the two types of monazite crystals and complex mineral aggregates found in the mesosome of thin 

section 3c. A. Small monazite with two distinct compositional domains found in the leucosome. The black dots are a result of 

spot analysis. B. Small monazite with several compositional domains found in the leucosome. C & D. Large, irregularly shaped 

monazite crystals with indistinct compositional domains forming complex zoning patterns found in the mesosome. E. Monazite 

with corona of very fine-grained mineral aggregate of unidentified phases located inbetween the monazite crystal and sur-

rounding sillimanite. F. Fine-grained, low-grade (retrograde) metamorphic muscovite forming a dark corona around an unidenti-

fied mineral aggregate (center) next to a large irregularly shaped monazite crystal (top left).  
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Table. 1. EDX analyses of minerals in thin section 3b and 3c with the exception of monazite. The majority of the w-t% totals of 

these analyses are of satisfactory quality. 

Table. 2. EDX analyses of ilmenite and the lamellae found within ilmenite crystals. The Fe-Ti ratios vary greatly between the 

crystal host and the different lamellae. The ”light” and ”dark” affixes describe which compound domain has been analyzed.  

 Biotite Garnet Hematite Ilmenite K-Feldspar Plagioclase Quartz Sillimanite Zircon 

SiO2 34.29 35.57 0 0 62.65 59.69 96.69 34.79 28.96 

TiO2 2.79 0 0 10.33 0 0 0 0 0 

Al2O3 18.1 20.85 0 0 18.29 24.83 0 61.35 0 

MgO 11.33 4.39 0 0 0 0 0 0 0 

CaO 0 1.75 0 0 0 6.38 0 0 0 

MnO 0.44 9.48 0 0 0 0 0 0 0 

FeO 15.11 25.07 0 78.93 0 0 0 0.94 0 

Fe2O3 0 0 100.5 0 0 0 0 0 0 

Na2O 0 0 0 0 1.25 8.73 0 0 0 

K2O 9.23 0 0 0 14.33 0 0 0 0 

ZrO2 0 0 0 0 0 0 0 0 70.55 

Total  
w-t% 91.29 97.1 100.5 89.27 96.52 99.63 96.69 97.08 99.51 

          

# of 
oxygen 10 12 3 3 8 8 2 5 4 

Si 2.44 2.94 0 0 2.98 2.67 1 2 0.91 

Ti 0.15 0 0 0.29 0 0 0 0 0 

Al 1.52 2.03 0 0 1.03 1.31 0 9.97 0 

Mg 1.2 0.54 0 0 0 0 0 0 0 

Ca 0 0.15 0 0 0 0.31 0 0 0 

Mn 0.03 0.66 0 0 0 0 0 0 0 

Fe 0.9 1.73 0 2.43 0 0 0 0.02 0 

Fe 0 0 2 0 0 0 0 0 0 

Na 0 0 0 0 0.12 0.76 0 0 0 

K 0.84 0 0 0 0.87 0 0 0 0 

Zr 0 0 0 0 0 0 0 0 1.09 

Cation  
sum 7.07 8.05 2 2.71 5 5.05 1 3.02 2 

 Ilmenite 1 Ilmenite 2  

 

Crystal 
host Light lamellae Dark lamellae Crystal host Light lamellae Dark lamellae Dark crack 

Al2O3 0 0 0 0 0.7 29.59 0 

SiO2 0 0 0 0 0.44 0 0 

TiO2 10.33 49.9 87.69 10.34 20.6 52.64 90.88 

MnO 0 4.71 0 0 0 0 0 

FeO 78.93 44.07 10.66 74.05 64.96 7.94 2.43 

Nb2O5 0 0 0 0 0 0 2.6 

Total w-t% 89.27 98.68 98.35 84.39 86.7 90.17 95.91 

        

Formula based on 3 oxygen      

Al 0 0 0 0 0.03 0.76 0 

Si 0 0 0 0 0.01 0 0 

Ti 0.29 0.97 1.41 0.3 0.53 0.86 1.45 

Mn 0 0.1 0 0 0 0 0 

Fe 2.43 0.95 0.19 2.4 1.86 0.14 0.04 

Nb 0 0 0 0 0 0 0.02 

Cation sum 2.71 2.03 1.6 2.7 2.44 1.76 1.52 
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    Large complex monazites     

 1 2 3 

 Darkest 
Second 
Darkest 

Intermetiade 
Shade 

Second 
Lightest Lightest Darkest 

Second 
Darkest 

Second 
Lightest Lightest 

Random 
Spot 

Al2O3 0.4 0.28 0.42 0.45 0.5 0.88 0.44 0.29 1.17 0 

SiO2 0.34 0.74 0.72 1.56 1.34 1.04 0.88 1.11 2.14 0.71 

P2O5 27.59 27.65 28.61 27.9 26.71 45.97 26.95 26.94 25.18 26.53 

CaO 2.36 1.91 1.12 1 0.57 3.28 0.97 1.43 1.08 1.01 

La2O3 13.84 14.43 14.17 13.39 13.84 24.38 13.44 11.68 11.73 13.25 

Ce2O3 30.86 31.84 32.54 32.69 32.57 53.32 30.78 28.39 27.8 31.28 

ThO2 5.62 5.32 4.45 6.54 6.66 10.11 4.2 6.69 4.66 4.68 

Total  
w-t% 81.01 82.17 82.04 83.53 82.18 138.98 77.66 76.53 73.76 77.46 

           

Formula based on 4 oxygen        

Al 0.02 0.01 0.02 0.02 0.03 0.03 0.02 0.02 0.07 0 

Si 0.02 0.03 0.03 0.07 0.06 0.03 0.04 0.05 0.1 0.03 

P 1.04 1.04 1.06 1.02 1.01 1.03 1.05 1.06 1.01 1.05 

Ca 0.11 0.09 0.05 0.05 0.03 0.09 0.05 0.07 0.05 0.05 

La 0.23 0.24 0.23 0.21 0.23 0.24 0.23 0.2 0.2 0.23 

Ce 0.51 0.52 0.52 0.52 0.53 0.51 0.52 0.48 0.48 0.54 

Th 0.06 0.05 0.04 0.06 0.07 0.06 0.04 0.07 0.05 0.05 

Cation  
sum 1.98 1.98 1.95 1.96 1.96 1.98 1.95 1.95 1.96 1.95 

  Small monazites in leucosome   

 1 2 3 

 Darkest 
Intermediate 

Shade Lightest Darkest Lightest Random Spot 

Al2O3 0 0.54 0 0 0 0 

SiO2 1.19 1.35 1.17 0.66 1.1 0.82 

P2O5 26.47 27.01 27.02 29.22 28.89 27.19 

CaO 1.38 1 1.98 1.89 1.03 1.16 

La2O3 12.14 14.45 11.68 14.25 12.97 13.55 

Ce2O3 31.91 30.3 33.92 32.83 32.56 31.07 

ThO2 5.71 6.42 11.2 5.43 5.77 4.17 

Total w-t% 78.82 81.07 86.97 84.29 82.31 77.95 

       

Formula based on 4 oxygen     

Al 0 0.03 0 0 0 0 

Si 0.06 0.06 0.05 0.03 0.05 0.04 

P 1.03 1.02 1 1.06 1.06 1.06 

Ca 0.07 0.05 0.09 0.09 0.05 0.06 

La 0.21 0.24 0.19 0.22 0.21 0.23 

Ce 0.54 0.5 0.54 0.51 0.52 0.52 

Th 0.06 0.07 0.11 0.05 0.06 0.04 

Cation sum 1.96 1.96 1.98 1.96 1.94 1.95 

Table. 3. EDX analyses of monazite crystals in mesosome and leucosome. The ”light” and ”dark” affixes describe which 

compound domain has been analyzed. The top half of the table shows values for large complex monazites found in the meso-

some. The bottom half shows values for small monazites found in the leucosome. The results for ”large complex monazite 2” 

are erroneous. 
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7 Interpretation and Discussion 
The occurrence of lamellae in both ilmenite and 

feldspar is a result of exsolution. The short explanation 

of exsolution is that different components in a mineral 

crystal unmix and separate when pressure and/or tem-

perature conditions change. If this happens to a high-

temperature alkali feldspar crystal then Na-rich and K-

rich segregations will unmix. Depending on whether 

the feldspar is perthite (K-rich) or antiperthite (Na-

rich) the least abundant component of the feldspar will 

form lamellae (Winter, 2010). 

Monazite crystals in thin section 3b and 3c have 

two different appearances. The first type is smaller, 

round or oval shaped and appears almost exclusively 

in the leucosome. The second type of monazite is 

large, has irregular crystal shapes and appears exclu-

sively in the mesosome. It can be said that the mo-

nazite in the mesosome is older than the monazite in 

the leucosome, because the mesosome must have ex-

isted before it was partially melted. The age difference 

could explain the textures of the two types of monazite 

crystals. The older monazites have experienced longer 

periods of metamorphism which have resulted in seve-

ral growth zones in the crystals. The younger monazi-

tes have not experienced as much metamorphic acti-

vity which could explain their shape, small size and 

distinct compositional domains.  

The textures (rounded corners, sharp edges and 

embayments) of the large monazite crystals in the 

mesosome look like resorption textures. Resorption 

occurs due to mineral dissolution, as a response to 

changing metamorphic conditions (Winter, 2010). 

The presence of the large, complex type monazite 

coincides with the presence of garnet in the mesosome. 

Monazite and garnet are both sinks for Y and compa-

ring the concentration between the two minerals can 

give insight into which order they crystallized 

(Williams et al., 2007). This connection has not been 

able to be confirmed in this study because the ana-

lyzing equipment could not detect Y.  

The relative differences in chemical compositions 

of the analyzed monazite crystal are difficult to inter-

pret without access to a WDS-instrument which has a 

higher spectral resolution and sensitivity than EDS. 

The low contents of trace elements and the overlap-

ping peaks of heavy elements including REE renders 

EDX analyses of monazite difficult. Thus the diffe-

rences in composition between the studied monazite 

crystals and domains cannot be fully assessed. 

The only consistency between the analyzed mo-

nazite crystals was the differences in Th concentrat-

ions; Th tends to concentrate in the lighter domains. 

Perhaps this was the cause for the different shades in 

the BSE-images. 

 

8 Conclusions 
There is a clear difference in mineral texture and mine-

ral assemblage between the leucosome and the meso-

some which is a result from partial melting. 

The exsolution and resorption textures in the ilme-

nite, feldspar and monazite crystals respectively indi-

cate changing physical conditions in the host rock over 

time. 

Two types of monazite crystals have been obser-

ved, each is strictly limited to either the leucosome or 

the mesosome. 

The difference in texture between the monazite 

crystals indicate they have experienced different meta-

morphic events meaning that they have not formed at 

the same time. 

 

9 Follow-up 
To follow-up on this study there are a few suggestions. 

Further study of some of the other minerals, such 

as the exsoluted ilmenite and feldspar or garnet and 

hematite crystals, and their connection to the leuco-

some and mesosome could perhaps prove to be a vi-

able way to give insight into the metamorphic history 

of the metasediment.  

The monazite in the metasediment could be ana-

lyzed with more powerful analytic instruments so that 

the metamorphic history of the metasediments in Sten-

sjöstrand can be examined more effectively. The mine-

ral could also be used for dating of the rock. 

An interesting question that still remains without a 

certain answer from this study is the cause of the diffe-

rences between the two types of monazite that appear 

in the leucosome and the mesosome.  
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Table. 4. Feldspar analyses showing the difference in Na and 

K between the crystal host and the lamellae.  

 K-Feldspar Lamellae 

Na2O 1.25 10.97 

Al2O3 18.29 19.31 

SiO2 62.65 65.47 

K2O 14.33 1.43 

Total w-t% 96.52 97.17 

   

Formula based on 5 oxygen 

Na 0.96 0.12 

Al 1.03 1.03 

Si 2.97 2.98 

K 0.08 0.87 

Cation sum 5.04 5 
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