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 ABSTRACT 

Charnockites are hypersthene-bearing granitoids that form a minor but important component of the 
Earth’s lower crust. Charnockite is a common lithology in the Highland Complex (HC) and Wanni 
Complex (WC) of Sri Lanka. These two Complexes are considered lithotectonic units having two 
different protolith histories. The northeastern part of the HC and WC is poorly explored compared to 
the central, southern, and southwestern parts of the two Complexes. In this study for the first time, we 
have attempted to study the metamorphic evolution of charnockites across the northeastern part of the 
inferred boundary between the HC and WC studying equilibrium mineral assemblages utilizing 
conventional and trace element geothermometers. In the WC side, hedenbergite-ferrosilite assemblage 
in a charnockite can be considered as the preserved relict assemblages of the rock’s igneous protolith. 
Orthopyroxene of the majority of charnockites in both HC and WC is apparently formed during the 
prograde dehydration of hornblende and biotite. Mineral assemblages and reaction textures of all the 
charnockites provide evidence for a clockwise pressure-temperature path during late prograde to 
retrograde evolution. The studied charnockites were metamorphosed from hornblende-granulites to 
pyroxene-granulite facies conditions with a minimum temperature of around 750- 800 °C. A period of 
the near-isobaric cooling (IBC) stage after peak metamorphism has been suggested for both HC and 
WC charnockites. We confirm that there is no evidence for contrasting metamorphic evolution of 
charnockites across the inferred HC-WC boundary.  
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INTRODUCTION 
Charnockites are hypersthene-bearing granitoids 
that form a minor but important component of the 
Earth’s lower crust (Janardhan et al., 1982; Frost 
and Frost, 2008). Charnockitic rocks form 
extensive found in many granulite terranes (as 
orthogneisses) and are less commonly found in 
unmetamorphosed plutons (Frost and Frost, 
2008). Charnockites are typically characterised by 
the presence of anhydrous minerals including 
orthopyroxene (or rarely fayalite), clinopyroxene 
and garnet as major mineral constitutes and 
limonite, magnetite, zircon, monazite as minor to 
accessory phases and hydrous mineral phases such 
as biotite and hornblende as overt printed phases. 
Hence the mineral phases and assemblages of 
charnockites can be used for retrieving the 
Pressure-Temperature-time (P-T-t) evolution of 
high-grade metamorphic terrains (Frost et al., 

1988; Lindsley and Frost, 1992; Frost and 
Lindsley, 1992).  

Sri Lanka is considered a discreet crustal fragment 
of the Central Gondwana (Shirashi et al. 1994l 
Santosh et al., 2014). Over 90 % of the basement 
of the country is composed of high-grade 
metamorphic rocks. Based on Nd- model ages, U-
Pb zircon ages and regional structural 
interpretations the Precambrian crust of Sri Lanka 
has been subdivided into four major lithotectonic 
units (Kröner et al., 1991; Cooray, 1994) shown in 
Figure 1 named as the Wanni Complex (WC), the 
Highland Complex (HC), the Vijayan Complex 
(VC) and the Kadugannawa Complex (KC) 
(Milisenda et al., 1988, 1994; Kröner et al., 1987, 
1991; Kehelpannala, 1991, 2003, 2004, 
Kleinschrodt et al., 1991; Kriegsman, 1994). The 
boundary between the HC and the WC is 
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considered an inferred tectonic boundary since it 
has been solely demarcated using Nd- model ages 
by Kröner et al. (1991). Later some researchers 
attempted to refine the boundary after doing 
structural geological studies in the Central part of 
the county (Kehelpannala and Ranaweera, 2007; 
Ranaweera and Kehelpannala, 2019). However, 
the northeastern part of the HC-WC boundary is 
poorly explored. 

 

 

Fig. 1: Sampling localities concerning the 
geological subdivisions of Sri Lanka (Litho-
tectonic units after Kröner et a., 1991 and 
Cooray,1994) 

The metamorphic evolution of the HC is well 
studied using metapelites and psammopelitic 
gneisses, mafic granulites, calc-silicate gneisses 
and rarely using charnockites that were collected 
from mainly in the central part and less commonly 
in the southwestern and southern part of the 
Complex. In contrast, there is no attempt made to 
study the metamorphic evolution of rocks in the 
northeastern part of the HC. The P-T studies on 
WC is also mainly confined to the central part and 
the southern-western part of the Complex (Rasse 
and Schenk, 1994; Hirayama et al., 2020). 
Charnockite is one of the dominant lithologies 
across the northeastern part of the inferred HC-

WC tectonic boundary.  Our recent geological 
investigations especially around Trincomalee (e.g. 
Jayathilaka et al., 2020; our unpublished data) 
revealed the existence of contrast geochemical 
chemical affinities of charnockites across the 
above-mentioned tectonic boundary. In this study 
first time, we have attempted to study the 
metamorphic evolution of charnockites across the 
northeastern part of the inferred boundary between 
the HC and Wanni Complex WC using 
equilibrium mineral assemblages and, 
conventional and trace element geothermometers. 

  

GEOLOGICAL BACKGROUND 
The whole-rock Nd isotopic data indicate the 
rocks in the HC were mainly derived from late 
Archean to Paleoproterozoic sources (3.2-2 Ga; 
Milisenda et al., 1988, 1994). The HC is mainly 
composed of granulitic paragneisses such as 
garnet sillimanite gneisses, quartzites, marbles 
and calc-silicates rocks, and orthogneisses of 
largely granitoid composition and charnockitic 
rocks (Cooray, 1994). The HC has been 
interpreted as a tilted crustal section and across the 
Complex, the metamorphic temperatures and 
pressures increase from 600-850 °C and 5-7 kbar 
in the southwest to 800-900 °C and 8-10 kbar in 
the central part and towards the east (Kröner and 
Williams, 1993; Raase and Schenk, 1994; 
Dharmapriya et al., 2014; 2017). Ultra-high 
temperature (UHT) granulites (which have 
experienced extreme crustal metamorphism at 
900-1150 °C and 9 - 12.5kbar) have been reported 
at a few localities in the central HC and rarely 
from the south-western part of HC (Kriegsman 
and Schumacher, 1999; Osanai et al., 2006; Sajeev 
and Osanai, 2004a, 2004b; Sajeev et al., 2007, 
Dharmapriya et al. 2015, 2021). The emplacement 
of the protolith of the orthogneisses of the HC 
occurred mainly in three episodes of around 1950 
- 1800 Ma, 850 - 670 Ma and ~580 Ma (Kröner 
and Jeckel, 1993; Hölzl et al., 1994; Sajeev et al., 
2007; Kitano et al., 2018; He et al., 2019). The 
peak granulite facies metamorphism of the 
Complex was suggested to occur around 610 - 530 
Ma (e.g. Kröner et al., 1987, Hölzl et al., 1991, 
1994; Sanjeev et al., 2010; Dharmapriya et al., 
2015b, 2016; Takamura et al., 2016; Kitano et al. 
2018). According to previous studies on the P-T 
evolution of the HC, which reported sillimanite 
both as inclusion and as a matrix mineral in garnet-
bearing metapelites, the equilibration at peak T 
occurred in the sillimanite field (e.g. Perera, 1987, 
Perera, 1994, Hiroi et al., 1994, Raase and Schenk, 
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1994, Dharmapriya 2017). Since the occurrences 
of relict kyanite andstaurolite as inclusions in 
porphyroblastic garnet in sillimanite-bearing 
metapelites (Hiroi et al., 1994, Raase and Schenk, 
1994; Dharmapriya et al., 2017), most of the 
workers suggested a clockwise P–T trajectory for 
the HC granulites. 

The WC yields Nd-model ages of 2000 – 1000 Ma 
(Milisenda et al. 1988, 1994). The WC is 
composed of a range of granitic, granodiorite, 
monzonite, tonalite, charnockitic and enderbitic 
rock compositions as varying chemistry of 
protoliths (Pohl and Emmermann, 1991). The 
western part of WC consists of less deformed 
granites including unmetamorphosed post-
tectonic K-feldspar-rich granite of Thonigala 
(Hölzl et al, 1991; Cooray 1994). The peak 
metamorphic conditions of the WC have been 
suggested to be 700-830 ⁰C and 5-7kbar (Raase 
and Schenk, 1994; Santosh et al., 2014; Hirayama 
et al., 2020). The intrusion ages of Wanni gneisses 
mainly are around 1100 - 920 Ma, 800 - 750 Ma 
and around 580 Ma (Kröner et al., 1994; 2003; 
Hölzl et al, 1994; Santosh et al., 2014; He et al., 
2016). Peak metamorphism had happened around 

590 - 540 Ma (Kröner et al., 1994; 2003; Hölzl et 
al, 1994; Santosh et al., 2014; He et al., 2016).  

The currently accepted boundary between HC-
WC was determined by Kröner et al., (1991) after 
considering the lithologies and structural besides 
Nd modal ages (after Milisenda et al., 1988), Pb 
isotopic discriminations (after Lew et al., 1991) 
and U-Pb zircon ages of metaigneous and 
metasedimentary rocks (Hölzl et al., 1991). 
However, due to a lack of sufficient geological 
information from geochemical, geochronological, 
structural and petrological studies, the position of 
the southwestern and the northeastern HC-WC 
boundary is still controversial.  The inferred 
tectonic boundary of the HC-WC from the 
northern part of Kandy to Habarana (Fig. 1), the 
boundary in the central part of the country has 
more or less been fixed in history (Kehelpannala 
and Ranaweera, 2007; Ranaweera and 
Kehelpannala, 2019). Based on structural 
geology-related studies, some workers interpreted 
the HC-WC boundary as a lower crustal ductile 
shear zone (Kehelpannala, 1997; Ranaweera and 
Kehelpannala, 2019). 

 

 

Fig. 2: Representative field photographs charnockites in the study area a) a massive charnockite at HC-
2, b), charnockitic gneiss at HC-3, c) and d) a massive charnockite at WC-26 and WC-28 
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In contrast, the northeast part of the boundary 
between the two Complexes is highly uncertain 
and the nature of the boundary in the region has 
not yet been understood.  

The KC crops out in doubly plunging upright folds 
around Kandy in the central part of the country, 
formerly known as “Arenas'' (Vitanage, 1972; 
Almond, 1991) and yields Nd-model ages ranging 
between 1800-1100 Ma (Milisenda et al., 1988 
and 1994). The dominantly upper amphibolite 
facies VC yields Nd-model ages are in the range 
of 3300-1100 Ma (Milisenda et al., 1988; 1994; 
Malaviarachchi et al., 2021). This Complex 
mainly consists of microcline-bearing granitic 
gneisses, augen-gneisses, migmatites and 
hornblende-biotite gneisses (Cooray, 1984; 
Kehelpannala, 1997; Mathavan et al., 1998; 
Kröner et al., 2013). 

 

SAMPLE DESCRIPTIONS  
Fresh charnockites samples were collected from 
quarries and road cuts (Table 1) from two separate 
traverses across the inferred boundary of HC-WC. 
Traverse 1 extended from Trincomalee to 
Pulmuddai and Travers 2 from Habarana to 
Maradankadawala (Fig. 1). Charnockites in 
sampling localities are massive and show the 
typical greasy lustre (Fig. 2a, b, c, d). Quartz, two 
feldspars, and orthopyroxene are frequently 
present as major mineral constituents.  
Occasionally biotite (at localities WC-8, WC-10, 
WC-17, WC-19, WC-20, WC-26, WC-27) and 
garnet (at localities WC-19, WC-20) are also 
present as major mineral phases. At localities HC-
3 and HC-14, hornblende and clinopyroxene were 
found as major mineral phases.  

Table 1: GPS co-ordinates of charnockite 
localities 

Sample No. 
GPS Co-ordinates 

Latitude Longitude 
H-W-2 8.622992 81.16084 
H-W-3 8.622891 81.15989 
H-W-8 8.847851 81.01219 
H-W-10 8.720435 80.95698 
H-W-14 8.60132 81.18567 
H-W-15 8.51371 81.20856 
H-W-17 8.67894 81.06889 
H-W-19 8.92382 80.99850 
H-W-20 8.81322 81.09378 
H-W-23 8.053506 80.83359 
H-W-26 8.097182 80.61638 
H-W-27 8.151971 80.53283 
H-W-28 8.229421 80.52283 

PETROGRAPHY AND TEXTURAL 
EVOLUTION 
Charnockites in the Highland Complex side from 
the inferred HC-WC boundary 

Hereafter, this paper collected charnockites from 
the Highland Complex-side with respect to the 
inferred HC-WC boundary, after Kröner et al., 
(1991) is referred to as “CHCs” (Charnockite- 
Highland Complex Side). These charnockites are 
mainly composed of quartz, alkali feldspar, 
plagioclase, orthopyroxene, clinopyroxene, 
hornblende as well as primary biotite grains found 
in a few locations (HC-3). Also, opaque (ore) 
minerals are present in high modal percentages in 
most sampled localities (HC-3, HC-14, HC-15). 
Overall average percentages are slightly varied 
from sample to sample. Minor minerals and 
accessories are zircon, and ore minerals (mainly 
ilmenite, and magnetite). Apatite is present as an 
accessory phase with uneven distribution (HC-21, 
HC-15). Secondary hornblende, biotite and 
chlorite are found in some samples (HC-15, HC-
21). 

The matrix of almost all samples are composed of 
subidioblastic and xenoblastic fine to medium 
quartz, alkali feldspar, and plagioclase showing 
interlobate texture as shown in Fig. 3a in locations 
of HC-14, HC-15 and HC-21. Granoblastic texture 
was also identified at a few locations (HC-2, HC-
3) (Fig. 3b). Subidioblastic porphyroblasts of 
mafic minerals are common in the matrix showing 
sharp and uneven dissolved contacts and are 
uniformly distributed (HC-3, HC-14, HC-15). 
Occasionally, grains are present as cumulative 
texture whereas gathering of two pyroxenes and 
hornblende (HC-2, HC-21). Foliation is 
demarcated by mafic minerals rather than felsic 
minerals. These grains are elongated and relict 
grain aggregates (HC-2, HC-21). The following 
assemblages are supposed to be dominant under 
peak metamorphic conditions: Opx + Cpx + Hbl + 
Kfs + Pl + Qz + Ilm, Opx + Cpx + Kfs+ Pl + Qz + 
Ilm ± Hbl, and Opx + Cpx + Hbl + Kfs + Pl +Qz 
+ Ilm ± Bt  

CHCs preserved evidence for the following 
reactions. Hornblende-quartz coexisting 
inclusions observed in clinopyroxene grain that 
are associated with orthopyroxene and plagioclase 
(Fig. 3c). Quartz inclusions observed in many 
samples (HC-14) usually in the rim area than core 
in clinopyroxene porphyroblasts. Also both biotite 
and hornblende were found as inclusions (Fig. 3d) 
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Fig. 3: Representative photomicrographs showing metamorphic reactions and textures in HC charnockite 
samples (a) interlobate texture (HC-21) (b) granoblastic texture (HC-2), (c) HC-14 showing reaction 1, (d) 
HC-21 showing reaction 2, (e) HC-3 indicating reaction 3 (f) HC-2 showing reaction 4 (g) HC-2 reaction 
5 (h) HC-3 indicating reaction 7 (i) HC-2 skeletal biotite in reaction 8 (j) HC-3 showing Opx alteration 
with forming secondary Bt and furcate distribution of ilmenite 

in pyroxenes (H-W-21). Hence the possible 
dehydration reactions are: 

    Hbl + Qz → Cpx + Opx + Pl + V ---------------- (1) 

    Bt + Hbl + Qz → Cpx + Opx + Pl + Kfs + V --- (2) 

Formation of relatively small xenomorphic 
clinopyroxene around hypidiomorphic hornblende 
grains which have coexisted with plagioclase (Fig. 
3e) indicating the dehydration reaction: 

  Hbl + Qz → Cpx + Pl + V ------------------------ (3) 

Almost all of the samples represent the 
equilibrium of clinopyroxene and orthopyroxene 
with sharp grain boundaries. Samples having 
hornblende also represent sharp grain margins 
between plagioclase and hornblende (Fig. 3c). 

Fine-grained orthopyroxene along the grain 
boundary is relatively coarse-grained 
clinopyroxene under quartz and plagioclase (Fig. 
3f) representing the solid-solid net transfer 
reaction: 

Cpx + Qz → Opx + Pl + Ilm ---------------------- (4)  

Breakdown of orthopyroxene and clinopyroxene 
into hornblende and ore minerals properly 
identified in rocks (HC-2) (Fig. 3g) possible 
through the hydration reaction: 

Opx + Cpx + Pl + V → Hbl + Qz + Ilm --------- (5) 

Overprinting of hornblende after clinopyroxene 
under the presence of plagioclase could indicate 
the hydration reaction: 

Cpx + Pl + V → Hbl + Qz + Opaque-------------- (6)  

Those grains are in contact with plagioclase and 
quartz in the matrix and some hornblende grains 
are developed in encountering plagioclase and 
quartz as inclusions. Occasionally, overprinted 
hornblende and biotite (Fig. 3h) after 
clinopyroxene in samples (HC-3) indicates the 
dehydration reaction: 

Cpx + Pl + Kfs + V → Hbl + Bt + Qz + Ilm----- (7) 

The hornblende-biotite gneiss associated with the 
HC-2 contains skeletal biotite, plagioclase, quartz 
intergrowths (Fig. 3i) after hypidiomorphic to 
xenomorphic hornblende and xenomorphic 
perthitic feldspar (Perthitic Fld.)  indicating the 
reaction: 

Hbl + Perthitic Fld. ± V → Bt +Pl + Qz --------- (8) 

The secondary biotite and chlorite have resulted 
from alteration of two pyroxenes which were 
found along the cleavage planes (Fig. 3j) or as an 
almost replaced pyroxene grain. As well as the 
furcate distribution of ilmenite (Fig. 3j) observed 
in some sections. The radial arrangement of 
secondary biotite flakes around opaque minerals is 
commonly recognized. These kinds of reactions 
indicate shallow cooling aqueous conditions (e.g. 
Sajeev and Osanai, 2004). 

Perthitic texture was found at some locations 
consisting of albite lamellae (Fig. 4c) in 
plagioclase and microcline in Kfs (HC-14, HC-
15). Coarse to fine grains of plagioclase with 
mechanical deformation twinning and tapering 
edges can be identified in HC-3. Stretching quartz 
was observed in HC-2. 
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Fig. 4: Representative photomicrographs in WC charnockite samples (a) xenoblastic porphyroblasts of 
clinopyroxene (WC-17), (b) WC-17 showing reaction 9 (c) and (d) WC-20 showing reaction 10, (e) WC-
10 showing reaction 10 (f) WC-27 indicating exsolved pyroxene (g) exsolved pyroxene grain in WC-27, 
(g) perthitic to mesoperthitic texture in WC-8 and (h) mechanical twinning of Pl showing twin defects in 
WC-8  
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Charnockites in the Wanni Complex Side from 
the Inferred HC-WC boundary 

Hereafter, this paper collected charnockites from 
the Wanni Complex-side with respect to the 
Inferred HC-WC boundary after Kröner et al., 
(1991) is referred to as “CWCs” (Charnockite-
Wanni Complex Side). These charnockites consist 
of quartz, alkali feldspar, plagioclase, 
orthopyroxene grains and opaque minerals 
(mainly ilmenite and magnetite) as minor mineral 
phases. Occasionally clinopyroxene and 
hornblende are also present. In a few localities 
(WC-19, WC-20) charnockites contain garnet. 
Allanite, apatite and zircons are common 
accessory minerals in most samples. Hornblende 
and biotite frequently occur as overprinted 
products after pyroxenes.  

Most of the constituent mineral grains show 
medium to fine grain size (3mm-0.2mm) 
distribution. Some samples are composed of very 
fine grains with considerable grain size variation 
(WC-27, WC-28). Subidioblastic to xenoblastic 
interlobate matrix grains are dominant in most of 
the samples and otherwise coarse-grained 
irregular shape xenoblastic grains are found in 
some localities (WC-8, WC-26). Xenoblastic 
porphyroclasts of clinopyroxene, hornblende, and 
orthopyroxene, show sharp cleavages (Fig. 4a) 
which have slightly disappeared due to later 
alterations. These grains are not where the mafic 
minerals are accumulated (WC-10, WC-26, WC-
27, WC-28). Foliation is defined by both 
elongated mafic minerals of clinopyroxene, 
hornblende and orthopyroxene and biotite and 
felsic minerals of quartz, alkali feldspar and 
plagioclase (WC-10, WC-17, WC-28) except few 
samples. Some other samples show orthopyroxene 
and clinopyroxene preferred orientation (WC-8, 
WC-26).  

The following minerals assemblages seemed to 
exist as peak metamorphic assemblages in WC 
charnockites: Opx + Cpx + Kfs + Pl + Qz + Ilm, 
Opx + Hbl + Kfs + Pl + Qz + Ilm, Opx + Cpx + 
Grt + Kfs + Pl +Qz+ Ilm, Opx + Grt + Kfs + Pl + 
Qz + Ilm.  

CWCs shows the following textural have been 
identified during the petrographic study. Tiny 
xenomorphic grains of garnet were found as 
inclusions in some medium to coarse-grained 
hypidiomorphic plagioclase (Fig. 4b) which are 
surrounded by two pyroxenes and opaque 
minerals in some of CWCs charnockites. 
Occasionally, relict quartz inclusions are present 

in those orthopyroxene grains and plagioclase 
(WC-17, WC-19, WC-28). Above textural 
features indicate the reaction: 

Cpx+Grt→Opx+Qz+Pl+ Opaque ---------------- (9)  

In location, WC-20 has respectively large grains 
of garnet with coexisting inclusions of 
orthopyroxene and plagioclase near the rim and 
also all of the quartz included in garnet grains has 
been limited to rim area (Fig. 4c, d).  

The reaction should be, 

Opx + Pl → Grt + Qz ----------------------------- (10)  

The formation of tiny grains of retrograde garnets 
around the orthopyroxene are associated with 
plagioclase and quartz in WC-10 (Fig. 4e). Newly 
formed quartz grains do not show more 
deformation than early existing grains as.  Also, 
the lack of wavy extinction suggests that the 
reaction is similar to the reaction (10). 

Exsolved orthopyroxene lamellae in 
clinopyroxene are observed in location WC-27 
(Fig. 4f), Perthitic to mesoperthitic textures (Fig. 
4g) are common in most samples (WC-8, WC-17, 
WC-26). Mechanical twinning of plagioclase (Fig. 
4h) and the twin defects show the deformational 
characteristic features (WC-8, WC-19). 

 

MINERAL CHEMISTRY 
Mineral compositions of both CHCs (for two 
samples: HC-2, HC-3) and CWCs (for two 
samples: WC-8, WC-10) were analysed using 
two-electron microprobes analysers (EPMA) 
installed at the University of Cologne, and the 
University of Bonn in Germany. At the University 
of Cologne, analyses were carried out under JEOL 
electron probe microanalyzer (EPMA) and all 
analyses were operated at an accelerating voltage 
of 20 kV and 10 nA beam current, 3 μm beam spot 
and 10-30 s counting time on peak. The precision 
of all analyzed elements are better than 98.5%. At 
the University of Bonn, analyses were carried out 
under JEOL 733 electron probe microanalyzer 
(EPMA) installed at the University of Bonn, 
Germany. All analyses were operated at an 
accelerating voltage of 20 kV and 10 nA beam 
current, 3 μm beam spot and 10-30 s counting time 
on peak. The precision of all analysed elements are 
better than 98.5%. Tables 2, 3, 4 and 5 represent 
mineral compositions of samples HC-2, HC-3, 
WC-8 and WC-10 respectively.  



  

  
 

Table 2: Representative Electron Microscope Analysis of minerals in HC-2 

Mineral   Clinopyroxene   Hornblende   Biotite   Magnetite   Ilmenite   Plagioclase   Alkali-feldspar 

  core rim  core rim  core rim  core rim  core rim  core rim  core rim 
SiO2  49.28 49.85  39.87 39.83  36.5 37.07  5.02 bdl  bdl bdl  58.39 57.82  64.92 65.01 
TiO2  0.65 0.46  2.77 2.64  4.07 4.05  0.17 1.28  52.07 53.18  0.03 bdl  0.05 0.01 
Al2O3  4.32 3.55  12.82 12.85  16.40 16.19  1.47 0.34  bdl 0.02  27.59 28  19.3 19.64 
Cr2O3  0.02 0.06  0.06 0.04  0.05 bdl  0.11 0.11  bdl 0.04  bdl 0.03  0.03 bdl 
FeO  12.36 11.38  19.01 18.55  15.04 15.09  86.53 96.09  44.62 43.95  0.18 0.31  0.11 0.1 
MnO  0.34 0.34  0.25 0.27  0.19 0.17  0.07 0.06  3.17 3.15  0.03 bdl  bdl 0.05 
MgO  10.36 11.06  8.92 8.63  13.82 13.99  1.58 0.01  0.37 0.33  0.01 bdl  0.01 bdl 
CaO  22.21 22.64  11.89 11.77  0.04 0.04  0.09 0.06  0.03 0.05  8.34 8.52  0.02 0.01 
Na2O  0.94 0.80  1.87 2.01  0.09 0.06  0.05 bdl  0.04 0.05  6.36 6.56  1.23 1.12 
K2O  0.01 0.01  2.11 2.16  10.33 10.32  0.08 0.01  bdl bdl  0.39 0.28  15.31 15.6 
Total  100.49 100.15  99.55 98.74  96.53 96.99  95.16 97.95  100.2

9 
100.78  101.32 101.51  100.99 101.53 

O  6 6  24 24  22 22  4 4  3 3  8 8  8 8 
Si  1.872 1.892  6.299 6.334  5.418 5.468  0.228 bdl  bdl bdl  2.579 2.554  2.965 2.956 
Ti  0.019 0.013  0.329 0.315  0.454 0.449  0.006 0.046  0.988 0.999  0.001 bdl  0.002 bdl 
Al  0.194 0.159  2.387 2.408  2.869 2.815  0.079 0.019  bdl 0.001  1.436 1.458  1.039 1.053 
Cr  0.001 0.002  0.007 0.005  0.006 bdl  0.004 0.004  bdl 0.001  bdl 0.001  0.001 bdl 
Fe  0.393 0.361  2.512 2.467  1.866 1.862  3.29 3.866  0.941 0.918  0.007 0.012  0.004 0.004 
Mn  0.011 0.011  0.033 0.036  0.024 0.021  0.003 0.002  0.068 0.067  0.001 bdl  bdl 0.002 
Mg  0.586 0.626  2.099 2.044  3.056 3.074  0.107 0.001  0.014 0.012  0.001 bdl  0.001 bdl 
Ca  0.904 0.921  2.013 2.006  0.006 0.007  0.004 0.003  0.001 0.001  0.395 0.403  0.001 0.001 
Na  0.069 0.059  0.572 0.619  0.026 0.018  0.004 bdl  0.002 0.002  0.545 0.562  0.109 0.099 
K  bdl 0.001  0.426 0.438  1.957 1.942  0.004 bdl  bdl bdl  0.022 0.016  0.892 0.905 

Total cation 4.047 4.044  16.675 16.673  15.682 15.656  3.729 3.942  2.013 2.001  4.986 5.005  5.014 5.019 
An                 0.411 0.411  0.001 0.001 
Ab                 0.567 0.573  0.109 0.098 
Or                 0.023 0.016  0.89 0.901 

Fe3+  0.14 0.131  0.971 0.968                
Fe2+  0.252 0.23  1.541 1.499                
XMg  0.599 0.634  0.455 0.453  0.621 0.623  0.031 0.00l  0.015 0.013       

 bdl-below detection limit 
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Table 3: Representative Electron Microscope Analysis of minerals in HC-3 

Mineral   Orthopyroxenee   Clinopyroxene secondary Biotite    Biotite   Hornblende   Plagioclase   Alkali-feldspar 

  rim core  rim core  core rim    rim  core rim  core rim  core rim 
SiO2  51.60 50.89  50.92 51.48  37.87 38.29  36.48 36.47  42.21 41.87  60.66 60.91  61.17 60.55 
TiO2  0.07 0.12  0.19 0.15  3.22 2.83  4.19 4.54  2.61 2.46  bdl 0.03  0.04 0.02 
Al2O3  0.52 0.60  1.60 1.45  13.67 13.00  13.92 13.84  10.57 10.33  23.92 24.13  23.94 24.04 
Cr2O3  0.03 bdl  bdl 0.02  0.02 bdl  0.02 0.07  bdl bdl  0.03 bdl  bdl bdl 
FeO  29.97 29.7  12.68 12.63  18.2 18.85  19.97 19.99  18.67 18.62  0.11 0.12  0.02 0.10 
MnO  1.12 1.29  0.48 0.46  0.09 0.09  0.09 0.20  0.36 0.30  bdl bdl  bdl bdl 
MgO  15.13 14.85  10.54 10.41  11.84 11.96  10.52 10.5  8.52 8.45  0.01 0.01  0.01 bdl 
CaO  0.70 0.75  20.96 20.807  0.09 0.17  bdl 0.01  11.07 11.03  5.75 5.74  5.67 5.80 
Na2O  bdl bdl  0.58 0.58  0.03 0.12  0.08 0.05  1.64 1.71  8.16 8.11  8.28 8.38 
K2O  0.01 0.01 

 
bdl bdl  9.63 8.73  9.95 9.93  1.44 1.45  0.2 0.19  0.33 0.31 

Total  99.14 98.2  97.95 98.04  94.66 94.02  95.21 95.59  97.09 96.22  98.84 99.22  99.45 99.21 
O  6 6  6 6  22 22  22 22  24 24  8 8  8 8 
Si  2.016 2.01  1.975 1.991  5.786 5.877  5.621 5.601  6.752 6.766  2.727 2.726  2.733 2.717 
Ti  0.002 0.004  0.006 0.004  0.37 0.327  0.486 0.525  0.313 0.299  bdl 0.001  0.001 0.001 
Al  0.024 0.028  0.073 0.066  2.462 2.352  2.528 2.505  1.994 1.968  1.268 1.273  1.261 1.272 
Cr  0.001 bdl  bdl bdl  0.003 bdl  0.002 0.009  bdl bdl  0.001 bdl  bdl bdl 
Fe  0.979 0.981  0.411 0.409  2.326 2.419  2.573 2.567  2.498 2.517  0.004 0.004  0.001 0.004 
Mn  0.037 0.043  0.016 0.015  0.011 0.011  0.012 0.025  0.049 0.042  bdl bdl  bdl bdl 
Mg  0.881 0.874  0.609 0.6  2.695 2.735  2.416 2.402  2.032 2.034  bdl bdl  bdl bdl 
Ca  0.029 0.032  0.871 0.865  0.015 0.028  bdl 0.002  1.898 1.91  0.277 0.275  0.271 0.279 
Na  bdl bdl  0.044 0.043  0.009 0.036  0.025 0.015  0.508 0.535  0.711 0.703  0.717 0.729 
K  bdl bdl  bdl bdl  1.876 1.709  1.956 1.946  0.294 0.299  0.012 0.011  0.019 0.018 

Total cation 3.97 3.972  4.005 3.993  15.554 15.493  15.618 15.597  16.339 16.368  5 4.994  5.004 5.019 
An             

 
   0.277 0.278  0.269 0.272 

Ab             
 

   0.711 0.711  0.712 0.711 
Or             

 
   0.012 0.011  0.019 0.017 

Fe3+  0.000 0.00  0.014 0.00  1.368 1.28             
Fe2+  0.9709 0.981  0.397 0.409  0.957 1.139             
XMg  0.474 0.471  0.597 0.595  0.5307  0.531  0.484 0.483  0.449 0.447       

 bdl-below detection limit 
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Table 4: Representative Electron Microscope Analysis of minerals in WC-8 

Mineral  Orthopyroxene  Hornblende  Ilmenite  Plagioclase  Alkali-feldspar 

  core rim  core rim  core rim  core rim  core rim 
SiO2  47.94 47.22  41.50 40.93  bdl 0.05  63.53 64.35  65.44 65.20 
TiO2  0.12 0.15  1.32 1.38  49.91 49.86  0.01 0.03  bdl 0.04 
Al2O3  0.28 0.23  9.28 9.39  0.02 bdl  21.83 22.59  18.71 18.87 
Cr2O3  0.05 0.04  bdl 0.02  0.05 bdl  bdl bdl  bdl bdl 
FeO  45.57 44.18  28.17 28.32  50.85 49.90  0.05 0.10  0.06 bdl 
MnO  0.73 0.87  0.23 0.18  0.26 0.30  0.02 0.01  bdl bdl 
MgO  5.24 5.24  4.25 4.07  0.02 bdl  bdl bdl  bdl bdl 
CaO  0.87 0.75  10.35 10.24  0.02 0.01  3.79 3.71  0.09 0.12 
Na2O  bdl 0.05  1.97 1.93  0.05 bdl  8.45 9.55  1.62 3.16 
K2O  0.01 bdl  1.33 1.40  bdl 0.02  0.29 0.23  14.84 12.29 
Total  100.8 98.71  98.4 97.85  101.182 100.141  97.97 100.56  100.76 99.69 

O  6 6  24 24  3 3  8 8  8 8 
Si  1.996 2.003  6.853 6.813  bdl 0.001  2.853 2.826  2.989 2.983 
Ti  0.004 0.005  0.164 0.173  0.954 0.961  bdl 0.001  bdl 0.001 
Al  0.014 0.012  1.807 1.843  0.001 bdl  1.155 1.169  1.007 1.017 
Cr  0.002 0.001  0.001 0.003  0.001 bdl  bdl bdl  bdl bdl 
Fe  1.587 1.567  3.89 3.942  1.081 1.069  0.002 0.004  0.002 bdl 
Mn  0.026 0.031  0.031 0.025  0.006 0.007  0.001 bdl  bdl bdl 
Mg  0.325 0.331  1.047 1.008  0.001 bdl  bdl bdl  bdl bdl 
Ca  0.039 0.034  1.831 1.826  0.001 bdl  0.182 0.174  0.004 0.006 
Na  bdl 0.004  0.631 0.624  0.002 bdl  0.735 0.813  0.143 0.280 
K  0.001 Bdl  0.279 0.296  bdl 0.001  0.017 0.013  0.865 0.718 

Total cation 3.993 3.988  16.535 16.552  2.046 2.038  4.945 5.001  5.011 5.006 
An           0.195 0.174  0.004 0.006 
Ab           0.787 0.813  0.142 0.279 
Or           0.018 0.013  0.854 0.715 

Fe3+  0.000 0.000  0.776 0.8          
Fe2+  1.587 1.567  3.114 3.142          
XMg  0.170 0.174  0.212 0.204          

 

bdl-below detection limit 
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Table 5: Representative Electron Microscope Analysis of minerals in WC-10 

Mineral   Orthopyroxene   Clinopyroxene   Ilmenite   Magnetite   Plagioclase   Alkalifeldspar 
  core rim  core rim  core rim  core rim  core    core rim 

SiO2  46.88 46.8  47.63 48.23  0 0.04  0.11 0.07  63.42 63.54  64.97 65.16 
TiO2  0.17 0.08  0.24 0.22  50.91 51.52  0.84 1.19  bdl bdl  0.06 bdl 
Al2O3  0.20 0.21  1.41 1.25  0.03 0.04  1.37 0.65  22.63 22.59  18.5 18.58 
Cr2O3  0.06 bdl  bdl bdl 

 
bdl bdl  0.02 0.04  0.03 bdl 

 
bdl bdl 

FeO  48.2 46.98  27.89 27.85  45.83 46.15  91.86 92.84  0.12 0.1  0.02 0.04 
MnO  2.55 2.45  1.17 1.16  2.15 2.18  0.08 0.09  bdl 0.01  bdl bdl 
MgO  1.53 1.52  1.49 1.31  0.06 0.04  0 bdl  bdl 0.01  bdl bdl 
CaO  0.81 1.97  19.31 19.05  0.01 0.01  0.01 0.01  4.23 4.18  0.12 0.37 
Na2O  0.03 0.01  0.58 0.36  0.08 0.04  0.03 bdl  9.28 9.31  2.19 3.18 
K2O  0.02 0.02  0.02 0.01  bdl bdl  0.01 bdl  0.36 0.25  14.15 12.57 
Total   100.46 100.03  99.75 99.43  99.07 100.02  94.33 94.89  100.06 99.98  100.01 99.90 
O  6 6  6 6  3 3  4 4  8 8  8 8 
Si  2.007 2.008  1.959 1.982  bdl 0.001  0.005 0.003  2.807 2.812  2.987 2.984 
Ti  0.006 0.002  0.007 0.007  0.982 0.983  0.031 0.044  bdl bdl  0.002 bdl 
Al  0.010 0.011  0.068 0.061  0.001 0.001  0.08 0.038  1.181 1.178  1.002 1.003 
Cr  0.002 bdl  bdl bdl  bdl bdl  0.001 0.002  0.001 bdl  bdl bdl 
Fe  1.726 1.686  0.959 0.957  0.983 0.98  3.800 3.841  0.004 0.004  0.001 0.001 
Mn  0.092 0.089  0.041 0.04  0.047 0.047  0.003 0.004  bdl bdl  bdl bdl 
Mg  0.098 0.097  0.092 0.08  0.002 0.001  bdl bdl  bdl 0.001  bdl bdl 
Ca  0.037 0.090  0.851 0.839  bdl bdl  0.001 0.001  0.2 0.198  0.006 0.018 
Na  0.003 0.001  0.046 0.029  0.004 0.002  0.003 bdl  0.797 0.799  0.195 0.282 
K  0.001 0.001  0.001 bdl  bdl bdl  0.001 bdl  0.02 0.014  0.83 0.735 
Total cation 3.983 3.985  4.024 3.995  2.019 2.016  3.925 3.933  5.01 5.005  5.023 5.023 
An          

    0.197 0.196  0.006 0.017 
Ab          

    0.783 0.79  0.189 0.273 
Or          

    0.02 0.014  0.805 0.710 
Fe3+  0.000 0.000  0.071 0.000             
Fe2+  1.726 1.686  0.888 0.957             
XMg   0.054 0.055  0.087 0.078  0.003 0.002          

bdl-below detection limit 
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Fig. 5: (a) Pyroxene classification (After Morimoto, 1998), (b) Amphibolite classification, (c) Plagioclase 
feldspar classification (After Morimoto, 1998) for analyzed samples in HC and WC  

 

Orthopyroxene 
Orthopyroxene compositions of analysed samples 
have been shown in Tables 2 and 3.  The MgO 
content of orthopyroxene in CHCs is relatively 
higher (MgO wt.% 14.43-15.13 and XMg from 
0.46 to 0.47) comparing those in CWCs (MgO 
wt.% from 1.334 to 5.422 wt.%, and the XMg from 
0.049 to 0.178). Al2O3 content of orthopyroxene 
in CHCs is higher (0.5-0.8 wt.%) than those in 
CWCs (0.2-0.33 wt.%). In pyroxene classification 
(Fig. 5a), orthopyroxenes in CWCs were classified 
as hypersthene, whereas orthopyroxene in the 
sample W-10 in CHCs was classified as ferrosilite. 

Clinopyroxene 
The analysed sample of CHCs shows a wide range 
of CaO content (20.9-23.3 wt.%) compared to the 
CWCs (19.1-19.7 wt.%). The FeO content is low 
in CHCs (Fe2+ from 0.2 to 4.7 a.p.f.u) relative to 
those of the WC (Fe2+ from 0.9 to 1 a.p.f.u).  The 
XMg of clinopyroxene in studied CHCs and CWCs 
are in the range of 0.60 - 0.68 and 0.08 - 0.15 
respectively. Clinopyroxene in CHCs 
charnockites contains a high amount of Al2O3 
wt.% (1.41 -4.73 wt.%) compared to CWCs (0.9-
1.4 wt.%). In the pyroxene classification diagram 
(after Morimoto, 1989) analyzed clinopyroxene 
bearing charnockite in the WC side was classified 
as hedenbergite and those in CHCs were classified 
as diopside (Fig. 5a). 

Hornblende 
In Hornblende in CHCs, CaO ranged from (10.9-
11.6 wt.%), MgO (8.3-9.5wt.%), FeO (17.7-19.6 
wt.%), Al2O3 (10.1-13.2 wt.%) and those in 
CWCs, ranged (~10.3 wt.%), (3.6-4.3 wt.%), 
(~27-28.3 wt.%), and (9-9.8 wt.%) respectively 
(Tables 2 and 3). The XMg of hornblende in CHCs 
and CWCs are in the range of 0.45-0.48 and 0.19 
- 0.21 respectively (Tables 2 and 3). The 
classification of amphiboles is represented in 
Figure 6b. In amphibolite classification, 
hornblende in CHCs are classified as magnesia-
hornblende and those in CWCs are classified as 
ferro-hornblende.  

Feldspars 
Plagioclase in CHCs are relatively anorthite rich 
(An27-47) compared to those in CWCs (An13- 27). K‐
feldspars in all the studied charnockites are 
dominantly orthoclase (Or71-93). Feldspar 
compositions of the samples are shown in Tables 
2 and 3. In contrast, the plagioclase in CHCs 
distribute relatively within a wide range from 
oligoclase to labradorite but the majority of 
plagioclase in CWCs are confined to oligoclase in 
composition (Fig. 5c). 

Biotite 
The composition of biotite was measured only 
CHCs samples (HC-3) in which biotite occurs in 
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two textural settings as matrix biotite and 
overprinted biotite after orthopyroxene. Biotite in 
the matrix show XMg around 0.47-0.63 and Fe2+ is 
range from 0.3 to 1.2 a.p.f.u. Here, HC-3, the 
overprinted biotite after orthopyroxene the XMg 
~0.53 and Fe2+ are in the range from 0.3-1 a.p.f.u. 

Ilmenite and Magnetite 
In CHCs, Ilmenite represents TiO2 content in the 
range from 52.1-54.3 wt. % and FeO content is in 
the range from 43 to 45.6 wt. %. Those in CWCs 
vary among 50-52.4 wt. % and 45.3-51.4 wt. % 
respectively. The Fe3+ content of magnetite in 
CHCs is in the range from 3.9 to 4.0 a.p.f.u and 
those in CWCs is in the range from 3.8 to 3.9 
a.p.f.u. 

 

P-T ESTIMATION 
Peak Metamorphic Condition 
Using conventional thermometry 
Several conventional thermometers were used to 
determine peak metamorphic temperature in 
studied charnockites. When using Fe-Mg 
exchange thermometers, core composition of 
equilibrated mineral pairs were used assuming 
these core compositions experience minimum 
resetting of Fe and Mg composition during the 
retrogression. The temperatures were calculations 
at nominal pressures of 7.5, 8, 8.5 and 9 kbars after 
considering the obtained pressure of the HC and 
WC by the previous researchers (e.g. Raase and 
Shenk, 1994; Hiroi et al., 1994; Hirayama et al., 
2020; Dharmapriya et al., 2017, 2020) 

The calculated using two-pyroxene Fe-Mg 
exchanged thermometer after Brey and Kohler 
(1990) for coexisting clinopyroxene and 
orthopyroxene pairs in the rocks HC-3 (CHCs) 
and WC-8 (CWCs) yielded average temperatures 
around 693, 694, 696, 697 °C and 599, 601, 604, 
606 °C respectively for the considered nominal 
pressures. The above-calculated temperatures are 
considerably lower than the previously reported 
general metamorphic temperatures in both 
Highland and Wanni Complexes (Rass and Shenk, 
1994; Hiroi et al., 1994; Hirayama et al., 2020; 
Dharmapriya et al., 2017, 2020).  The two 
pyroxene thermometer introduced by Putirka 
(2008) gives reliable minimum peak metamorphic 
temperatures and for nominal pressure 7.5, 8, 8.5 
and 9 kbars these values are ranged from 762 to 
776 °C (average 769 °C), 763-777 °C (average 
770 °C), 765-779 °C (average 772 °C) and 766-
780 °C (average 773 °C) for HC-3s. For WC-8 at 

the same nominal pressures the yielded 
temperatures arranged from 695 to 706 °C 
(average 701 °C), 697-707 °C (average 702 °C), 
698-708 °C (average 703 °C) and 699-710 °C 
(average 704 °C).   

Coexisting hornblende and plagioclase core 
compositions of HC-3 and WC-8 were also used 
to determine peak metamorphic conditions using 
hornblende-plagioclase thermometer after Blundy 
and Holland (1990) and Holland and Blundy 
(1994).  For the thermometer after Holland and 
Blundy (1994) the yielded average temperatures 
of HC-3 are in the range from 625, 631, 637 and 
642 °C and for the conceded nominal. For the 
same nominal pressures, WC-8 yielded the 
average temperatures of 754, 756, 759 and 762 °C 
respectively. For hornblende and plagioclase after 
Blundy and Holland (1990), HC-3 yielded average 
temperatures of 665, 658, 651 and 644 °C and 
WC-8 yielded average temperatures of 708, 700, 
693 and 685 °C respectively.  

Using trace element thermometers 
Pressure-independent Ti in the zircon 
thermometer after Ferry and Wotson (2007) was 
used to determine peak metamorphic conditions in 
CWCs (WC-28 and WC-19). Though the studied 
samples are SiO2 saturated, there is no free rutile 
observed. However, the presence of ilmenite may 
suggest a relatively high TiO2 activity at the time 
of zircon crystallization, assuming that the 
ilmenite and zircon crystallized together (Fu et al., 
2008). By contrast, (Watson et al., 2006) 
suggested that even ilmenite‐bearing rocks have 
been found to have TiO2 activity as low as 0.6. 
According to Watson and Harrison (2005) most 
natural melts are capable of crystallizing zircons 
under the TiO2 activities exceeding ~0.5. 
Therefore, we do our calculations at the TiO2 
activities exceeding 0.4 and 0.5. These 
calculations yielded average temperatures around 
760 and 739 °C for location WC-28 and location 
WC-19 yields 707° and 688°C (TiO2 activities at 
0.4 and 0.5). 

Retrograde metamorphic conditions 

The pressure independent Ti in biotite 
thermometer was used to calculate overprinted 
biotite after pyroxene and coarse grain retrograde 
biotite in matrix in location HC-3. The calculated 
average results are 703 °C and 737 °C 
respectively. Yielded values represent the 
retrograde formation of both biotite grains in two 
different stages. 
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DISCUSSION  
P-T-t Evolution of charnockites around North-
eastern Part of the Inferred Boundary between 
the Highland and Wanni Complexes 
A number of researchers have attempted to study 
the P-T-t evolution of high-grade metamorphic 
rocks in the HC using both metasedimentary rocks 
such as metapelites (Perera, 1987) and calc-
silicate gneisses (e.g. Perera, 1987; Hiroi et al., 
1994; Raase and Schenk, 1994; Mathavan and 
Fernando, 2001; Sajeev and Osanai, 2004, 2010; 
Dharmapriya et a., 2015a, b, 2017b) and 
metaigneous rocks such as metabolite (e.g Osanai 
et al., 2006). Due to the preservation of relict 
kyanite and staurolite as inclusions in 
porphyroblastic garnet and the presence of 
sillimanite both as inclusion in garnet 
porphyroblasts and as matrix mineral in 
metapelites, most of the workers suggested a 
clockwise trajectory for the HC granulites 
equilibration at peak T occurred in the sillimanite 
field (e.g. Perera, 1987, 1994; Hiroi et al., 1994; 
Raase and Schenk, 1994, Dharmapriya et al., 
2017b, 2021). Although several researchers 
attempted to calculate the peak metamorphic P-T 
conditions in the WC rocks, there are limited 
studies exploring the history of P-T evaluation 
(e.g. Raase and Schenk, 1994, Hirayama et al., 
2020).  

Prograde Evolution 
Formation of clinopyroxene and orthopyroxene 
via dehydration reactions (1), (2) and (3) in the HC 
charnockites provide evidence for prograde 
evolution during upper amphibolite to granulite 
transition (Fyfe et al., 1958; 1958; Schumacher 
and Faulhaber, 1994). Similar dehydration 
reactions have been reported from mafic 
granulites in the western (e.g. Dharmapriya 
2015b) and the south-eastern (Perera, 1987; 
Schumacher and Faulhaber, 1994) part of the HC. 
Several researchers suggested that a stage of 
prograde decompression with increasing 
temperature for both metasedimentary (e.g. Hiroi 
et al., 1994, Osanai et al., 2006; Dharmapriya et 
al., 2015a; 2021) and metaigneous rocks (e.g. 
Osanai et al., 2006; Takamura et al. 2015) in the 
HC which represent the upper amphibolite to 
granulite transition of the terrine (Dharmapriya 
2017b). Hence the reactions (1), (2) and (3) of the 
present study also probably had happened during 
this prograde decompression stage with increasing 
temperature.  

Hedenbergite-Ferrosilite assemblage in WC-10 
can be considered as a relict assemblage in the 
original igneous protolith. Dharmapriya et al. 
(2021) also reported the same mineral assemblage 
from the central part of the HC from a metadiorite. 
Preserved inclusion phases in porphyroblastic 
garnets in HC-14, which is now confirmed as an 
erosional remnant of WC rock lies on HC provide 
evidence for prograde dehydration reaction (1). 
Nawarathne and Perera (2015) reported 
sillimanite inclusion in porphyroblastic garnet in 
garnet-biotite gneiss and suggested that the texture 
is evidence for prograde evolution via the 
consumption of sillimanite. Formation of prograde 
garnet via consumption of Sillimanite-bearing 
assemblages (e.g. biotite+sillimanite+quartz) has 
been commonly reported from garnet-sillimanite-
biotite-graphite gneisses (khondalites) in the HC 
(e.g. Hiroi et al., 1994; Rasse and Schenck, 1994; 
Dharmapriya et al., 2015a, 2017b). Recently 
Hirayama et al., (2020) attempted to determine the 
prograde evolution of WC via thermodynamic 
modelling of metapelites. Those authors suggested 
a stage of prograde compression up to the peak 
pressure conditions followed by a stage of 
prograde decompression with increasing 
temperature up to the Peak metamorphism. This 
prograde stage is very similar to the recently 
suggested prograde P-T path by Dharmapriya et 
al., 2017b) for the HC metasediments.  Hence it is 
more reasonable to interpret that the late stage of 
prograde evolutions trajectory of both HC and the 
WC is more or less similar.                                                                                    

Peak metamorphic conditions 
Peak metamorphic mineral assemblages observed 
in the northeastern part of the HC, show the 
coexisting primary hornblende and clinopyroxene 
with sharp contacts indicating peak mineral 
conditions (in these locations secondary 
hornblende grains are also identified). Hydrated 
minerals in anhydrous mineral assemblages are 
related to hornblende granulite sub-facies (Fyfe, 
1958) which explain that regional mixed and 
intermingled assemblages generate covering the 
transition zone in between amphibolite to 
granulite facies (hornblende-granulite sub-facies 
to pyroxene granulite sub-facies). In contrast, a 
majority of studied charnockites in the WC 
consisted of typical anhydrous mineral 
assemblages during the peak metamorphic 
conditions representing pyroxene granulite sub-
facies (Fyfe, 1958). 
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The estimated P-T conditions using Fe-Mg 
thermobarometer in this study represent the 
minimum peak metamorphic conditions due to the 
retrograde modification of Fe:Mg due to diffusion  
(e.g. Fernando et al., 2003; Pattison et al., 2003; 
Dharmapriya et al., 2021). Two pyroxene 
thermometry after Putirka (2008) gives acceptable 
minimum peak metamorphic temperatures of 770 
°C and 700 °C for the HC and the WC respectively 
at nominal pressures of 8 – 9 kbar. Unfortunately 
studied charnockite didn't contain a suitable 
mineral assemblage to evaluate the pressure 
conditions. However, the nominal pressure 
conditions are more convenient since similar 
pressure conditions were obtained by the previous 
workers from the HC and the eastern margin of the 
WC. U-Pb zircon geochronology of the studied 
sample yielded Late Neoproterozoic 
metamorphism from 610 – 545 Ma which is 
consistent with the previous studies in the HC. 

Retrograde evolution 
A period of the near-isobaric cooling (IBC) stage 
after peak metamorphism has been suggested for 
both HC and WC gneisses. For the HC, this near- 
IBC stage has been suggested mainly based on 
fine-grain garnet formation reaction textures in 
mafic granulites (Perera, 1987; Schumacher et al., 
1990; Pream, 1991), metapelites (Dharmapriya et 
al., 2015b) and calc-silicate gneisses (e.g. 
Mathavan and Fernando, 2001). Recently 
Nawarathne and Perera (2018) reported fine-
grained garnet formation from metaigneous rocks 
close to the Eastern boundary at the central part of 
the WC. Garnet formation via the reaction (9) in 
the sample (H-W-10) in this study also provides 
evidence for the near-IBC stage. This is the first 
time report of the formation of retrograde garnets 
in the North-Eastern part of the WC. The perthitic 
texture is found in both HC (H-W-3 according to 
the inferred boundary) and WC (H-W-8, H-W-17, 
H-W-26, according to the inferred boundary) 
rocks. Generally, which represents retrograde 
isobaric cooling conditions in pelitic rocks but it is 
also possible to have igneous protoliths under the 
cooling stage therefore it is not possible to 
demarcate as metamorphic texture or an igneous 
texture (Kröner et al. 2013, Santosh et al. 2014). 
As well as the presence of exsolution intergrowth 
and twinning in clinopyroxene (H-W-27) could 
not be taken as a rapid cooling event due to the 
above reason.  

The garnet breakdown via the reaction (9) 
indicates evidence for pressure reduction of the 

terrine (e.g. (Faulhaber and Raith, 1991; 
Schumacher and Faulhaber, 1994). Garnet 
breakdown in the course of decompression with 
oxidation has been proposed by Harley (1988) and 
Thost et al. (1991). In this case, the availability of 
oxidising fluids gneisses could have contributed to 
an increase in oxygen fugacity at the same time 
that the rocks followed the decompression path. 
Previously Nawarathna and Perera (2018) have 
reported garnet formation and breakdown reaction 
Kahatagaha- Kolongaha in central WC (towards 
the HC-WC inferred boundary). Bandara et al., 
(2016) reported the formation of orthopyroxene-
plagioclase symplectite after garnet as evidence 
for decompression from a mafic block within 
charnockite from the northern part of the WC. 
Previous studies in the HC granulites inferred a 
stage of near Isothermal Decompression (ITD) 
after IBC (e.g. Perera, 1987, 1994; Mathavan and 
Fernando, 2001; Dharmapriya et al., 2014, 2015b) 
and evidence for decompression is very strong in 
interlayered metabasites (e.g. Schumacher and 
Faulhaber, 1994; Sajeev et al., 2007). However, 
the collected samples from the HC in this study 
lack evidence for garnet breakdown. White et al. 
(2007) suggested that mineral assemblages in dry 
rocks do not respond to P-T changes. Therefore, 
ITD reaction textures have not formed in most of 
the dry metapelitic granulites and charnockite due 
to a vlack of fluids/melts infiltrating through the 
rock after the IBC event.  

As a summary, the prograde and retrograde 
reactions were identified during this study and 
these reactions give the unique direction for the 
metamorphic evolution of both HC and WC in the 
northeastern part of the Complexes. However, 
similar P-T evolution of both Complexes 
petrogenesis studies is not a very good tool for 
disclosing the tectonic boundary of the 
Northeastern part of the country. Except for the 
late Mesoproterozoic to early Neoproterozoic 
crystallization ages (1100 – 950 Ma) in the WC 
and Paleoproterozoic crystallization ages (1950-
1800 Ma), rest of the crystallization ages (middle- 
and late- Neoproterozoic ages) itself only in 
metaigneous rocks cannot be taken to account to 
determine the tectonic boundary of the 
Northeastern part of the country. Because middle- 
and late- Neoproterozoic protolith emplacement 
ages has been reported in both HC and WC (e.g. 
Kitano et al., 2019). However, our recent 
geochemical investigations on charnockites of the 
same sampling localities (these here we have used 
to study metamorphic evolution) represent 
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contrast geochemical signatures (Jayathilaka et 
al., 2020). Hence, the geochemical signatures of 
lithologies around the study area can be used as a 
tool to demarcate the tectonic boundary between 
the HC-WC.  

 

CONCLUSIONS 
Charnockites across the northeastern part of the 
HC-WC boundary zone of Sri Lanka represent a 
series of prograde to retrograde metamorphic 
reaction textures. Orthopyroxene of the majority 
of charnockites in both HC and WC was produced 
during the prograde dehydration of hornblende 
and biotite. Hedenbergite-ferrosilite assemblage 
in one of the charnockite in the WC can be 
considered as the preserved relict assemblages of 
its igneous protolith. Mineral assemblages and 
reaction textures of all the charnockites provide 
evidence for a clockwise pressure-temperature (P-
T) trajectory during late prograde to retrograde 
evolution. Studied charnockites experienced the 
peak metamorphic condition with a minimum 
temperature of around 750- 800 °C at hornblende-
granulites to pyroxene granulite facies conditions. 
Subsequently, these charnockites experienced a 
period of the near-isobaric cooling (IBC) stage.  
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