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Abstract  

The plutonic rocks cropped in area of Thoen District, Lampang Province. The felsic to intermediate igneous rocks 

compositionally range from rhyolite, monzogranite to quartz monzonite, monzonite, granodiorite, diorite to gabbroic 

diorite with titanite as a minor constituent, characteristic of I-type granitic rocks. Based on minerals characters, 21 plutonic 

rock samples can be divided into 4 magmatic groups: Group I rhyolite, Group II monzogranite, Group III granodiorite 

and quartz monzonite, and Group IV granodiorite, diorite, monzonite and gabbroic diorite. Based on major and trace 

elements can be classified into 2 groups felsic to intermediate plutonic rocks and felsic volcanic rock (Group I, Group II 

and Group III) and intermediate mafic plutonic rocks (Group IV). The felsic intermediate plutonic rocks and felsic 

volcanic rock are the presence of mainly high-K calc-alkaline granite, I-type magma series that have active continental 

margins, with the involvement of continental crust. The intermediate to mafic plutonic rocks range from low-K to high-

K calc-alkaline and shoshonitic series, indicating the feature of continental volcanic arc magma. All Thoen plutonic rocks 

have similar patterns in their chondrite and primitive mantle normalized patterns. Chondrite-normalized REE patterns are 

LREE enrichments and HREE depletion with negative Eu and Nb anomalies that are typical of volcanic arc granites. N-

MORB normalized multi-element patterns are variable LILE enrichments (Rb, Ba, Th, Ce), HFSE depletions (Ta, Nb, Sr 

and Ti) and are typical of I-type volcanic arc granites. Thoen pluton is the part of EGB that indicates the magmatism 

along the boundary between Sukhothai Arc and Inthanon Zone. 

 

Keywords: Thoen granite, I-type granite, Active continental margin, Post-collision, High-K calc alkalic rock, Eastern 

granitic belt 

 

Introduction 

The intrusive rocks in the SE Asia region have 

long been studied by many researchers and focused 

mainly on granitic rocks because they are voluminous, 

and are related to economic minerals such as tin-

tungsten, precious metals, and rare earth elements 

(REE) minerals [1-6]. The granitic rocks in Thailand 

and SE Asia are separated into 3 granitic belts: Western 

(WGB), central main range (CGB), and eastern (EGB), 

based on their distribution and geochemistry as 

illustrated in Figure 1(a). Each granitic belt in Thailand 

are difference in occurrence, tectonic setting and 

economic minerals relationship. A clear and precise 

division of granitic zone can facilitate the future 

utilization. The rock forming minerals and geochemical 

character of granitic rocks can be indicator for tectonic 

setting and granitic zone dividing. The plutonic rocks in 
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Thoen district, Lampang Province are scattering crop 

out as small plutons in alluvial sedimentary deposit 

along the western part of the Wang River. Based on the 

location of the Thoen plutonic outcrop and some 

previous works, it is uncertain whether the Thoen 

plutonic is part of the CGB or EGB. This study aimed to 

petrochemically characterize the plutonic rocks in 

Thoen area that provide information on tectonic 

environments of formation. This information provides 

some clues for interpreting the tectonic evolution of 

Thailand and divides granitic zone.   

 

Geological background 

The western granitic belt (WGB) extends along 

the Thai-Myanmar border, Phuket Island (Thailand), 

and Aceh and Sumatra islands (Indonesia). The WGB 

whole-rock geochemistry is granite, granodiorite and 

monzodiorite, and has high-K calc-alkaline, 

peraluminous and S-type signatures. The central main 

range granitic belt (CGB) is the main granitoid in 

Thailand and SE Asia, and occurs as plutons with 

continuous north-south orientation, in northern-central 

and southern Thailand, the main range of Malaysia, and 

the Bangka, Singkep, and Tuju Islands of Indonesia 

[2,7]. The CGB in northern Thailand can be divided into 

2 sub-belts including western and eastern sub-belts. The 

western sub-belt is situated in the southern part of Mae 

Hong Son Province along the Thai-Myanmar border and 

consists largely of composite plutons (Mae Sariang 

complex) extending from Pai District [8] through 

Samoeng, Mae Chaem, and Hot Districts and Doi 

Inthanon Mountains, Chiang Mai Province, to the 

western part of Tak Province. The eastern sub-belt 

comprises the Mae Chan pluton in Chiang Rai Province, 

the Fang-Mae Suai-Wiang Pa Pao batholith [9] in 

Chiang Mai Province and the Khuntan batholith in 

Lamphun Province to the western part of Tak Province. 

In the southern part of the Mae Ping fault [10], the CGB 

is distributed from western Thailand to southern 

Thailand. The CGB rocks are granite, granodiorite and 

monzodiorite, and have high-K calc-alkaline, 

peraluminous and S-type signatures. The tectonic 

settings of formation were syn-collision and post-

collision [7-12]. Their absolute ages in northern 

Thailand, determined by 40Ar/39Ar dating, are 220 - 180 

Ma (Late Triassic - Middle Jurassic) [2] and the zircon 

U-Pb ages of granite in the Mae Suai area, Chiang Rai 

Province is 220 + 1 (Late Triassic) [13,14]. The eastern 

granitic belt (EGB) is distributed along the Korat 

Plateau edge in central to eastern Thailand and is related 

to metal minerals such as ilmenite and magnetite. The 

EGB rocks are granite, granodiorite and monzodiorite; 

their whole-rock geochemistry is calc-alkaline, 

metaluminous, and I- to A-type. Zircon U-Pb dating of 

granite yields ages of 208 - 226 Ma (Late Triassic), 

corresponding to the collision of Sibumasu and 

Indochina terranes and some dates to 55 Ma (Eocene) 

are likely related to the collision of Indian and Eurasian 

continents [15-18]. 

Geological data of Lom Rat sub-district, Thoen 

District, Lampang Province, compiled by Piyasin [19] 

and Department of Mineral Resources (DMR) [20], 

reported the Permian sedimentary and volcano-

sedimentary rocks (Png1), Permo-Triassic volcanic 

rocks (PTrv), Triassic sedimentary rocks (Trpt), Triassic 

granite (Trgr), Quaternary terrace sediments (Qt) and 

Quaternary alluvial sediments (Qa) (Figure 1(b)). 

Permian sedimentary and volcano-sedimentary rocks 

(Png1) are tuffaceous sandstone, sandstone, greenish-

gray shale, and limestone. Permo-Triassic volcanic 

rocks (PTrv) are rhyolite, andesite, welded tuff, volcanic 

breccia, rhyolitic tuff, and andesitic tuff. Triassic 

sedimentary rocks (Trpt) are sandstone, siltstone, and 

red conglomerate. Quaternary terrace sediments (Qt) 

are gravel, sand, silt, clay, and laterite. Quaternary 

alluvial sediments (Qa) are sediments such as gravel, 

sand, silt, and clay. The igneous rocks in these studies 

are Triassic granite (Trgr) composed of biotite granite, 

tourmaline granite, granodiorite, biotite-muscovite 

granite, muscovite-tourmaline granite, biotite-

tourmaline granite and biotite-hornblende granite; 

porphyritic granite, pinkish granite including quartz 

veins.  
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Figure 1 (a) Map showing the distribution of western, central main range and eastern granitic belts in Thailand, and 

tectonic line boundaries, modified from Moley [10], Xin et al. [14], Jundee et al. [8] and Jundee et al. [9], and study 

location, and (b) geological map of the study area, modified from Piyasin [19] and DMR [20]. 

 

Materials and methods 

Sample collection and selection 

Twenty-one igneous rock samples were carefully 

selected to obtain least-altered samples from outcrops. 

The samples were generally mesoscopic domains 

selected without secondary minerals, such as quartz 

resulting from silicification, epidote minerals and 

chlorite, displaying well-developed foliation or mineral 

layering samples, and abundant vugs or druses, 

xenocrysts, and xenoliths, quartz, epidote, or calcite 

veining/ patches totalling more than 5 modals%. 

 

Sample preparation 

The rock samples were prepared as standard thin 

sections, rock slabs, and sample powder. The felsic rock 

slabs were stained to differentiate K-feldspar from 

plagioclase using amaranth and sodium cobaltinitrite 

solutions [21]. Modal analysis based on 400 counts was 

done on stained medium-grained, felsic rock slabs, 

unstained medium-grained, mafic rock slabs and thin 

sections and fine-grained felsic rocks was performed 

under a petrographic microscope. The samples were 

crushed into small chips by using a Rocklabs Hydraulic 

Splitter/Crusher. Approximately 50 - 80 g sample chips 

were cautiously chosen, cleaned and pulverized for a 

few minutes by a Rocklabs Tungsten-Carbide Ring Mill. 

 

Analytical techniques  

The sample powders were chemically analyzed for 

major oxides, trace elements, rare-earth elements 

(REEs), and loss on ignition (LOI). Rock-powdered 

samples were prepared as fused glass beads and pellets. 

Chemical analyses of major and minor oxides (SiO2, 

TiO2, Al2O3, total iron (FeO and Fe2O3) as Fe2O3, MnO, 

MgO, CaO, Na2O, K2O and P2O5) and some certain trace 

elements (Ba, Rb, Sr, Y, Zr, Nb, Ni, V, Sc, Cr and Th) 

were carried out using a PANalytical Zetium X-ray 

fluorescence (XRF) spectrometer (wavelength 

dispersive system), installed at the Geoscience program, 

Kanchanaburi campus, Mahidol University, Thailand. 

The standards used were the set of SARM standards 

(GS-N, MA-N, BE-N) [22] and GSJ Igneous standards 

(JG-2, JB-2a, JB-3) [23] with Ausmon111 Drift 

Monitor. These major elements were measured from 

fused glass beads that prepared with 0.5 g powdered 

sample and 6.5 g mixer materials (anhydrous lithium 
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tetraborate (Li2B4O7) 49.75%, lithium metaborate 

(LiBO2) 49.75% and lithium bromide (LiBr) 0.5%) and 

from pressed powders prepared with 4 g sample powder 

and 1 g XRF binder (Licowax) for trace elements. 

Detection limits for Ba are 50 ppm, whereas Rb, Sr, Ni, 

V, Cr and Zr are 10 ppm, and Y, Nb, Sc and Th are 5 

ppm. Ignition loss was done by heating approximately 1 

g of powdered samples at 900 C for 1 h. Some certain 

trace elements (Th and U) and REEs (La, Ce, Pr, Nd, 

Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu) were 

determined on all the samples, using a PerkinElmer’s 

NexION® 2000 Inductively Coupled Plasma Mass 

Spectrometer (ICP-MS). Solutions for ICP-MS analysis 

were prepared using the microwave digestion technique. 

The standards used in the ICP-MS analysis were the 

international standard JA-1 and JB-1a. These 

procedures were done at DMR.  

 

Results and discussion 

Field occurrence and petrography 

The igneous rocks are cropped out in the Lom Rat 

subdistrict area, Thoen District, Lampang Province. The 

igneous rocks in the study area appear as small outcrops 

and are not recorded on existing geological maps, which 

are difficult to observe because they are covered by 

alluvial sediments. They are composed mainly of 

granitic rocks and intermediate rocks with minor 

rhyolitic rock. All the samples are collected from out 

croup. 

Group I rhyolite have 2 samples (sample TH14 

and TH20). The rock samples are fine-grained and 

commonly show a moderately porphyritic texture 

(Figure 2). The essential minerals found are quartz (39 

- 41 modal%), K-feldspar (27 - 28 modal%), plagioclase 

(24 - 25 modal%), and accessory minerals including 

biotite (4 - 7 modal%), muscovite (0.5 - 1 modal%), 

primary titanite (1 modal%) and zircon (1 - 2 modal%). 

Quartz phenocrysts are anhedral to euhedral outlines 

with sizes ranging from 0.5 to 1.1 mm across. K-feldspar 

phenocrysts are subhedral with sizes ranging from 0.4 to 

1.2 mm across, and groundmass of anhedral K-feldspar. 

K-feldspar are slightly altered to clay minerals. 

Plagioclase phenocrysts have sizes ranging from 0.3 to 

3.0 mm across. Subhedral-euhedral outlines plagioclase 

phenocrysts and anhedral groundmass are slightly 

altered to sericite and chlorite. Biotite and muscovite are 

subhedral outlines. Biotite exhibits yellowish-brown to 

dark brown pleochroism, slightly altered to sericite, 

chlorite, titanite/leucoxene and epidote. Zircon shows 

subhedral to euhedral outlines and is inclusions in 

biotite. Primary titanite shows a subhedral outline. 

Group II rocks (sample TH02, TH08, TH092, 

TH13, TH15, TH16 and TH17) are all monzogranite 

(Figure 2). They are coarse-grained and seriate-textured 

or non-porphyritic textures, consisting essentially of K-

feldspar (13 - 37 modal%), quartz (19 - 35 modal%) and 

plagioclase (23 - 30 modal%), with common accessory 

biotite (0 - 12 modal%), muscovite (2 - 24 modal%), 

opaque mineral (0 - 2 modal%), primary titanite (0 - 3 

modal%), epidote, and zircon (0 - 1 modal%). K-

feldspar is anhedral-euhedral outlines. Quartz is an 

anhedral outline. Plagioclase has a subhedral outline and 

is slightly altered to sericite and clay minerals. Biotite 

and muscovite have subhedral outlines. The biotite 

exhibits yellowish-brown to dark brown pleochroism 

and is slightly altered to chlorite. Zircon shows 

subhedral to euhedral outlines and is biotite inclusions. 

Opaque minerals show anhedral to subhedral outlines 

and are slightly altered to titanite and Fe-Ti oxide 

minerals. Primary titanite show euhedral and subhedral 

outlines with size up to 0.2 mm across. Hornblende is 

subhedral and generally displays yellow to pale green 

pleochroism in samples TH13, TH15 and TH17.  

Group III includes granodiorite (sample TH03 and 

TH18) and quartz monzonite (sample TH122). These 

rock samples are coarse-grained, with seriate or non-

porphyritic textures (Figure 2). The major mineral 

compositions are plagioclase (27 - 34 modal%), K-

feldspar (21 - 34 modal%), quartz (12 - 14 modal%), 

hornblende (16 - 19 modal%), while minor mineral 

compositions are biotite (5 - 15 modal%), muscovite (0 

- 1 modal%), zircon (0 - 2 modal%), and small amounts 

of primary titanite and opaque mineral (0 - 3 modal%). 

The plagioclase shows anhedral to subhedral outlines 

and is slightly altered to sericite, chlorite and clay 

minerals. K-feldspar is subhedral and slightly altered to 

clay minerals. Quartz is anhedral and interstitial to other 

minerals. Hornblende shows anhedral to euhedral 

outlines, has dark green to pale green pleochroism and 

is slightly altered to chlorite, titanite, and opaque 

minerals. Biotite and muscovite have subhedral outlines. 

The biotite exhibits pale to dark greenish-brown 

pleochroism and is slightly altered to sericite, chlorite, 

titanite/leucoxene, epidote and opaque minerals. Zircon 
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shows subhedral to euhedral outlines. Primary titanite 

shows a subhedral outline with a size up to 0.25 mm 

across. Opaque minerals shows anhedral to subhedral 

outlines and are moderately altered to titanite and Fe-Ti 

oxide minerals. 

Group IV is mainly diorite (sample TH04, TH05, 

TH10 and TH121) and monzonite (sample TH01, 

TH11), with minor of granodiorite (sample TH06) and 

gabbroic diorite (sample TH07). These rock samples are 

coarse-grained, with seriate or non-porphyritic texture 

(Figure 2). Their major constituents are plagioclase (21 

- 46 modal%), hornblende (5 - 43 modal%), K-feldspar 

(6 - 28 modal%), and quartz (5 - 18 modal%), while 

minor constituents are biotite (0 - 17 modal%), and 

muscovite (0 - 18 modal%), and small amounts of zircon 

(0 - 2 modal%), primary titanite (0 - 2 modal%) and 

opaque minerals (0 - 2 modal%). The plagioclase shows 

subhedral to subhedral outlines with a lathed shape and 

is slightly altered to sericite, chlorite and clay minerals. 

Hornblende shows anhedral to euhedral outlines and has 

yellowish-green to dark green pleochroism and is 

slightly altered to chlorite, titanite, and opaque minerals. 

K-feldspar is subhedral, and slightly altered to clay 

minerals. Quartz is anhedral to subhedral outlines and 

interstitial to other minerals. Biotite and muscovite have 

subhedral outlines. The biotite exhibits pale to dark 

greenish brown pleochroism and is slightly altered to 

sericite, chlorite, titanite, epidote and opaque minerals. 

Zircon shows a subhedral outline. Primary titanite show 

subhedral to euhedral outlines with size up to 0.3 mm 

across. Opaque minerals show anhedral to subhedral 

outlines and are slightly altered to titanite/leucoxene and 

Fe-Ti oxide minerals. 

 

 

Figure 2 The petrography of representative rock sample groups. 

 

Geochemical characteristics 

The rock samples were divided into 4 groups 

(Table 1) based on the texture of the rock and the REE 

pattern. Almost all the studied, plutonic samples (Group 

II, Group III, and Group IV) are medium to coarse-

grained, except for Group I (sample nos. TH14 and 

TH20), which is fine-grained and have modal mafic 

minerals less than 90 %. They have been classified 

based on their modal quartz, alkali feldspar, and 

plagioclase composition according to the QAP modal 

classification of plutonic rocks (Figure 3(a)) [24]. The 

QAP diagram of plutonic rocks shows that the studied 

samples are monzogranite, quartz monzonite, quartz 

monzodiorite and granodiorite. Sample nos. TH14 and 

TH20 (Group I) are felsic volcanic rocks that fall within 

the monzogranite field of the QAP diagram of plutonic 

rocks.  
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Table 1 Modal analyses of the studied plutonic rocks in terms of volume%. 

Group 
Group I 

Rhyolite 

Group II 

Monzogranite 
 

Sample number TH14 TH20 TH02 TH08 TH092 TH13 TH15 TH16 TH17 

Quartz 40.25 39.25 23.75 23.50 25.75 25.75 19.75 34.25 23.00 

K-Feldspar 28.00 27.75 36.00 36.25 35.75 13.75 35.50 31.25 28.75 

Plagioclase 24.00 24.25 27.75 26.25 29.75 25.75 28.00 23.75 24.75 

Hornblende nd nd nd nd nd 10.00 1.00 nd nd 

Biotite 4.50 6.25 8.50 9.75 4.50 nd 9.00 4.75 11.50 

Muscovite 1.00 0.50 2.00 3.25 3.00 23.50 5.00 4.50 5.25 

Opaque mineral nd nd 1.25 0.75 1.25 1.25 1.25 1.25 3.50 

Titanite 1.00 1.00 tr tr tr tr tr tr 2.50 

Zircon 1.25 1.00 0.75 0.25 nd nd 0.50 0.25 0.75 

sum 100 100 100 100 100 100 100 100 100 

Group 
Group III 

Granodiorite and quartz monzonite 

Group IV 

Diorite, monzonite, granodiorite and gabbroic diorite 

Sample number TH03 TH122 TH18 TH01 TH04 TH05 TH06 TH07 TH091 TH10 TH11 TH121 

Quartz 13.50 13.00 12.75 10.75 8.75 12.50 5.00 12.50 17.50 10.00 10.00 8.50 

K-Feldspar 25.00 33.50 21.25 15.50 28.00 12.25 6.75 35.00 11.25 13.50 18.75 14.00 

Plagioclase 33.75 27.00 29.75 29.75 26.75 32.00 27.00 27.50 46.00 35.25 21.75 33.25 

Hornblende 18.50 16.50 18.25 26.75 22.00 31.25 42.00 5.00 23.50 25.50 37.50 29.75 

Biotite 8.00 5.00 15.00 16.00 13.25 10.50 nd 16.25 nd 13.25 10.75 11.25 

Muscovite 1.00 nd nd nd nd 0.75 17.75 2.50 0.75 nd nd nd 

Opaque mineral tr 3.00 1.75 nd 0.75 0.50 1.00 0.50 0.75 1.75 1.25 2.00 

Titanite tr 2.00 tr md tr tr tr nd tr nd tr tr 

Zircon 0.25 nd 1.25 1.25 0.50 0.25 0.50 0.75 0.25 0.75 tr 1.25 

sum 100 100 100 100 100 100 100 100 100 100 100 100 

tr = trace, nd = not detected 

 

 

The chemical concentrations of the rocks are given 

in Table 2. The alteration box plot of Large et al. [25] 

has been applied to the studied samples to test their 

nature. The major oxides (weight%) were calculated 

following the Ishikawa alteration index (AI) and 

chlorite-carbonate-pyrite index (CCPI) equations.  

 

2

2 2

100( )

( )

MgO K O
AI

FeO K O MgO Na O

+
=

+ + +
 

2 2

100( )

( )

FeO MgO
CCPI

FeO K O MgO Na O

+
=

+ + +
 

 

The alteration box plot (Figure 3(b)) show that the 

studied samples lie almost totally in the field of felsic to 

mafic rocks and confirms the nature of the carefully 

selected samples, except 3 samples are outside the field 

but very close to the field boundary of felsic rocks. 
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Figure 3 (a) IUGS classification of plutonic rocks with mafic minerals less than 90 modal% [24] showing positions of 

the studied plutonic rocks and (b) alteration box plot [25] of the studied plutonic rocks. 

 

Table 2 Major and minor oxides, certain trace elements, and REE of the studied plutonic rocks. 

Rock Group 
Group I 

Rhyolite 

Group II 

Monzogranite  
Samples TH14 TH20 TH02 TH08 TH092 TH13 TH15 TH16 TH17 

Major and minor oxides (wt%)        

SiO2 74.20 74.07 72.02 72.68 75.86 74.98 73.28 71.81 71.96 

TiO2 0.06 0.07 0.21 0.19 0.05 0.18 0.18 0.18 0.28 

Al2O3 15.15 15.23 15.34 14.90 14.12 14.28 14.68 15.17 14.90 

Fe2O3* 0.60 0.67 1.57 1.43 0.53 1.06 1.38 1.54 1.92 

MnO 0.02 0.02 0.04 0.03 0.01 0.02 0.03 0.04 0.04 

MgO 0.21 0.25 0.59 0.54 0.16 0.35 0.54 0.29 0.73 

CaO 1.40 1.43 2.20 2.27 1.28 1.07 1.95 3.15 2.40 

Na2O 5.10 5.01 3.68 3.63 3.52 3.62 3.49 3.56 3.24 

K2O 3.23 3.24 4.30 4.26 4.47 4.41 4.42 4.21 4.44 

P2O5 0.02 0.02 0.06 0.05 0.00 0.03 0.05 0.05 0.08 

LOI 0.44 0.58 0.96 0.90 0.86 0.88 0.76 0.72 0.78 

Total 99.03 99.18 98.32 99.89 99.96 99.60 99.89 99.38 99.30 

Trace elements (ppm)         

Ba 1,851 1858 957 869 769 1225 904 850 961 

Rb 144 140 250 269 219 221 249 255 253 

Sr 1,430 1438 393 383 350 290 365 456 334 

Y 27 27 41 41 35 35 40 39 43 

Zr 132 136 141 129 98 142 126 121 157 

Nb 16 19 21 19 25 22 19 17 20 

Ni 19 20 34 19 22 27 36 30 33 

Cr 9 16 32 193 9 161 69 75 108 

V 6 8 16 17 1 18 15 12 23 

Sc 1 4 7 7 4 11 5 4 6 

Th 11 13 23 22 19 31 23 24 35 

Ti 383 432 1262 1156 302 1075 1082 1051 1703 

P 75 71 282 238 13 133 225 203 368 

Rare earth elements (ppm)        

La 5 12.2 32.5 23.2 8.7 13.9 26.7 18.4 49 

Ce 7.4 22.6 65.3 46.2 19.4 24.1 39.8 37.9 69.4 

Pr 1.3 3.12 7.43 5.05 2.4 3.43 5.25 4.09 10.09 

Nd 4.8 11.4 26.2 17.7 8.9 12.2 18.3 14.2 35.4 

Sm 0.94 1.93 4.31 2.92 1.82 2.16 2.99 2.38 5.44 

Eu 0.32 0.44 0.78 0.54 0.49 0.44 0.58 0.47 0.93 

Gd 0.86 1.46 3.19 2.24 1.63 1.62 2.37 1.79 3.96 

Tb 0.13 0.19 0.4 0.28 0.26 0.21 0.3 0.22 0.48 

Dy 0.88 1.07 2.07 1.45 1.6 1.13 1.58 1.22 2.55 

Ho 0.18 0.21 0.37 0.26 0.31 0.2 0.29 0.22 0.46 

Er 0.57 0.63 1.02 0.73 0.9 0.6 0.8 0.63 1.29 

Tm 0.09 0.1 0.14 0.1 0.14 0.09 0.11 0.09 0.18 

Yb 0.66 0.71 0.94 0.69 0.95 0.61 0.74 0.59 1.13 

Lu 0.11 0.11 0.15 0.11 0.15 0.1 0.13 0.09 0.18 
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Rock Group 

Group III 

Granodiorite and quartz 

monzonite  

Group IV 

Diorite, monzonite, granodiorite and gabbroic diorite 

Samples TH03 TH122 TH18 TH01 TH04 TH05 TH06 TH07 TH091 TH10 TH11 TH121 

Major and minor oxides (wt%)           

SiO2 66.82 66.33 65.78 58.19 59.48 61.58 66.97 52.42 65.05 58.51 57.68 59.45 

TiO2 0.45 0.46 0.51 0.60 0.67 0.44 0.46 0.83 0.45 0.66 0.57 0.68 

Al2O3 15.59 14.82 15.91 14.72 15.49 16.24 15.62 13.34 17.11 15.37 13.13 14.43 

Fe2O3* 3.67 3.27 3.75 5.82 6.89 5.27 3.68 8.09 2.89 6.54 6.34 6.40 

MnO 0.07 0.06 0.06 0.15 0.12 0.12 0.06 0.15 0.06 0.12 0.12 0.12 

MgO 2.25 2.14 2.59 6.47 5.13 3.77 2.29 9.69 2.05 5.21 8.62 6.32 

CaO 3.51 4.56 4.16 7.07 6.23 7.12 3.35 10.33 6.31 7.19 6.80 6.35 

Na2O 3.22 3.03 3.08 3.10 2.69 4.39 2.95 2.34 3.97 2.90 2.04 2.60 

K2O 4.27 5.18 3.99 3.64 3.09 0.96 4.47 2.47 1.97 3.18 4.50 3.44 

P2O5 0.16 0.15 0.18 0.23 0.21 0.12 0.16 0.34 0.15 0.31 0.19 0.20 

LOI 0.94 0.68 0.90 0.70 1.72 0.58 1.36 1.52 1.04 1.30 0.74 1.06 

Total 98.69 98.17 98.71 102.89 98.17 97.62 99.36 97.85 98.84 98.10 97.90 98.00 

Trace elements (ppm)            

Ba 936 1,407 1,489 1,002 874 214 926 1,089 596 1,224 1,819 1,028 

Rb 211 144 147 152 116 38 79 185 52 111 113 134 

Sr 362 380 583 333 315 230 503 407 523 514 380 325 

Y 40 36 32 23 34 24 26 36 25 32 30 35 

Zr 167 169 175 146 138 73 144 168 183 140 145 101 

Nb 15 23 13 8 14 18 15 15 17 15 16 20 

Ni 65 60 73 143 139 23 272 75 60 98 295 176 

Cr 157 65 198 368 242 148 653 209 79 283 691 398 

V 43 34 49 56 64 33 59 46 32 64 56 69 

Sc 13 4 11 18 19 15 22 13 6 23 16 19 

Th 25 26 20 22 18 9 18 18 38 21 20 14 

Ti 2,692 2,736 3,051 3,601 4,008 2,625 2,758 4,984 2,678 3,962 3417 4,068 

P 683 672 781 1012 928 522 699 1491 638 1343 844 873 

Rare earth elements (ppm)           

La 51.2 28.7 58.3 30.5 39 19.6 52.5 44 36.4 45 22.4 20 

Ce 102.2 83.2 124.2 66.7 77 40.5 108 75 72.6 112.4 65 53.4 

Pr 11.11 8.92 12.16 8.67 8.93 6.2 14.37 9.49 9.96 12.81 8.83 8.3 

Nd 39.7 36 41.6 33.7 33.3 25.7 56.4 34.6 36.9 51.2 37.1 37.3 

Sm 6.93 7.89 6.11 6.39 6.1 5.36 9.81 6.13 6.6 9.47 7.07 8.16 

Eu 1.32 1.42 1.32 1.35 1.35 1.45 1.95 1.23 1.31 1.82 1.59 1.58 

Gd 5.39 6.34 4.46 5.19 5.92 4.64 7.25 4.81 5.01 7.19 5.41 6.49 

Tb 0.7 0.88 0.52 0.71 0.86 0.67 0.89 0.63 0.66 0.92 0.69 0.9 

Dy 3.78 4.97 2.69 4.01 4.95 4.06 4.56 3.39 3.65 4.91 3.79 5.05 

Ho 0.7 0.94 0.49 0.76 0.95 0.81 0.8 0.63 0.69 0.9 0.69 0.94 

Er 1.96 2.59 1.3 2.2 2.6 2.38 2.05 1.76 1.93 2.42 1.91 2.63 

Tm 0.27 0.36 0.18 0.31 0.34 0.34 0.27 0.24 0.27 0.32 0.27 0.35 

Yb 1.69 2.23 1.05 2.02 2.15 2.24 1.61 1.5 1.74 1.96 1.7 2.19 

Lu 0.26 0.32 0.17 0.32 0.34 0.36 0.25 0.23 0.27 0.3 0.26 0.33 

 

 

Magmatic grouping has been carried out, based on 

occurrences, petrography and geochemistry, 

particularly chondrite-normalized REE and N-MORB 

normalized multi-element patterns. The presented can 

be divided into 4 magmatic groups as Group I rhyolite 

(monzogranite), Group II monzogranite, Group III 

quartz monzonite and granodiorite, and Group IV 

monzonite, granodiorite, diorite and gabbroic diorite. 

The studied plutonic samples have a wide range of 

compositions that are acid to base with 52.45 - 75.86 

wt% SiO2. The geochemical compositions seem to form 

a board, continuous fractionation trends on Na2O + K2O 

versus SiO2 (Figure 4(a)) [26,27], AFM (Figure 4(b)) 

[28] plots, and K2O versus SiO2 plot (Figure 4(c)) [29] 

suggestive of co-magmatic origin. The chondrite-

normalizing rare earth elements (REE) pattern is used 

for considerable tectonic settings. The chondrite-

normalizing values used are those of Taylor and Gorton 

[30]. The REE are the incompatible elements in igneous 

rock with atomic numbers 57 - 71 (La-Lu) that have 
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similar geochemical behavior [31]. The MORB (N-

MORB) normalized multi-element diagram is used N-

MORB normalized values from Sun and McDonough 

[32] that represented the large-ion lithophile elements 

(LILE), e.g. Cs, Rb, K, Ba, Sr and Eu, and high-field 

strength elements (HFSE), e.g. Y, Hf, Zr, Ti, Nb and Ta. 

The chondrite-normalized REE patterns (Figure 5(a)) 

and N-MORB normalized patterns (Figure 5(b)) of the 

rock samples seem to parallel trends that support the co-

magmatic origin [31].  

 

 
Figure 4 Positions of the studied plutonic rocks in the TAS diagram [26] with the tholeiitic - calc-alkaline boundary line 

of Irvine and Baragar [27], AFM diagram [28] and (c) K2O versus SiO2 diagram [29]. 

 

Group I rocks are monzogranite, sub-alkaline or 

tholeiitic series on total alkalis - SiO2 (Figure 4(a)) 

[26,27]. These rocks are the calc-alkaline in the field of 

AFM plot (Figure 4(b)) [28] and medium-K, calc-

alkaline signatures on the K2O versus SiO2 plot (Figure 

4(c)) [29]. The medium-K, calc-alkaline series of Group 

I rocks is strongly supported by their chondrite-

normalized REE patterns [30] that have relatively flat 

heavy REE (HREE) from Yb to Dy, and light REE 

(LREE) enrichment from Dy to La (Figure 5(a)). The 

values for chondrite normalized Dy/Yb ((Dy/Yb)cn) and 

La/Dy ((La/Dy)cn) are 0.85 - 0.96 and 5.86 - 11.76, 

respectively and show slightly positive Eu. The N-

MORB normalized multi-element patterns [32] do not 

show negative Nb anomaly (Figure 5(b)).  

Group II rocks are granite, sub-alkaline or 

tholeiitic series on total alkalis - SiO2 (Figure 4(a)) 

[26,27]. These rocks form a linear fractionation trend, 

caused by the removal of Fe-Mg minerals, in the calc-

alkaline field of the AFM plot (Figure 4(b)) [28] and 

have high-K, calc-alkaline signatures on the K2O versus 

SiO2 plot (Figure 4(c)) [29]. The high-K calc-alkaline 

series of Group II rocks are strongly supported by their 

chondrite-normalized REE patterns [30] that have 

relatively flat heavy REE (HREE) from Yb to Dy, and 

light REE (LREE) enrichment from Dy to La (Figure 

5(a)). The values for chondrite normalized Dy/Yb 

((Dy/Yb)cn) and La/Dy ((La/Dy)cn) are 1.08 - 1.44 and 

5.61 - 19.83, respectively and show negative Eu. The N-

MORB normalized multi-element patterns [32] do not 

show negative Nb anomaly (Figure 5(b)).  

Group III rocks are sub-alkaline or tholeiitic rocks 

on total alkalis - SiO2 (Figure 4(a)) [26,27]. The rocks 

are calc-alkaline on the AFM plot (Figure 4(b)) [28] and 

high-K calc-alkaline to shoshonitic series on the SiO2 

versus K2O plot (Figure 4(c)) [29]. The high-K calc-

alkaline series of Group III rocks are strongly supported 

by their chondrite-normalized REE patterns [30] that 

have relatively flat heavy REE (HREE) from Yb to Dy, 

and light REE (LREE) enrichment from Dy to La 

(Figure 5(a)). The values for chondrite normalized 

Dy/Yb ((Dy/Yb)cn) and La/Dy ((La/Dy)cn) are 1.43 - 

1.64 and 5.96 - 22.36, respectively and show negative 

Eu. The N-MORB normalized multi-element patterns 

[32] do not show negative Nb anomaly (Figure 5(b)).  

Group IV rock is intermediate to mafic rocks that 

have SiO2 of about 52 - 61 wt%. It is sub-alkaline or 

tholeiitic rocks on total alkalis - SiO2 (Figure 4(a)) 

[26,27]. The rocks are calc-alkaline on the AFM plot 

(Figure 4(b)) [28] and appear to range from low K to 

high-K calc-alkaline and shoshonitic series on the SiO2 

versus K2O plot (Figure 4(c)) [29]. The transitional 

shoshonitic to high-K calc-alkaline affinity is strongly 

supported by its chondrite-normalized REE pattern [30] 

(Figure 5(a)). The pattern shows relatively flat HREE 

from Yb to Dy ((Dy/Yb)cn = 1.27 – 1.81) and light REE 



Trends Sci. 2025; 22(10): 10421   10 of 16 

enrichment from Dy to La ((La/Dy)cn = 4.09 – 13.39), 

similar to the patterns of Group III. The REE patterns 

show negative Eu. The N-MORB normalized multi-

element patterns [32] show negative Nb anomaly 

(Figure 5(b)). 

 

 

Figure 5 (a) chondrite-normalized REE patterns [30] and (b) N-MORB normalized multi-element patterns [32] of the 

plutonic rocks. 

 

 

Tectonic setting 

Some certain elements incompatible and 

compatible with typical mantle mineralogy were used as 

normalized multi-element diagrams that are a useful 

power tool in determining tectonic setting of formation. 

The order of element incompatibility may change 

significantly in different tectonic environments, 

physical conditions and mineral assemblages. The LILE 

concentrations may be a function of the behavior of a 

fluid phase, while those of HFSE concentrations are 

controlled by the chemistry of source and the 

crystal/melt process [31]. Pitcher [33,34], Barbarin [35] 

and Atherton and Tarney [36] classified the granitoid 

based on tectonic setting. N-MORB normalized multi-

element patterns of granitoids in subduction zone show 

decoupled high LILE/HFSE signature while MORB-

like trend and the other granitoids have a lesser 

LILE/HFSE offset and large Ba and Ti troughs 

reflecting an intraplate nature [37]. Nb anomalies 

relative to Th and Ce which are significant signatures of 

subduction-related zone [38]. Eu anomaly resulted from 

plagioclase [39]. 

All the felsic to intermediate rocks Group I, Group 

II, and Group III are compositionally ranging from 

rhyolite, monzogranite via quartz monzonite, to 

granodiorite with titanite and hornblende as a minor 

constituent, characteristic of I-type granitic rocks. In 

addition, the rocks are I-type on K2O versus Na2O 

(Figure 6(a)) [40] and total FeO versus CaO (Figure 

6(b)) [41]. The existence of titanite and hornblende in 

Group II and Group III are agreement with the 

characteristic of I-type granitic rocks. Group I was form 

in the fields of volcanic arc and syn-collision 

environment while Group II and Group III rocks form a 

cluster in the fields of upper boundary for oceanic ridge 

granite from anomalous ridge on Nb versus Y diagram 

(Figure 6(c)) [42]. Sr versus Nb+ Y diagram (Figure 

6(d)) [43] show Group I rocks are volcanic arc or post-

collision granite and Group II and Group III rocks are 

within plate or post-collision granite. The REE patterns 

of rocks are parallel trend that are co-magmatic origin. 

REE patterns show slightly negative Eu anomalies 

(Figure 5(a)), resulted from plagioclase fractionation 

[39]. The N-MORB normalized multi-element patterns 

(Figure 5(b)) are LILE enrichment indicted the 

granitoids in subduction zone [37]. Group I and Group 

II not show negative Nb anomalies relative to Th and Ce 

which are not significant signatures of subduction-

related magma while Group III show negative Nb 

anomalies relative to Th and Ce which are significant 

signatures of subduction-related magma [38].  
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The intermediate to mafic plutonic rocks, Group 

IV are monzonite- quartz monzonite-diorite-gabbroic 

diorite. Although the mineral composition is difference, 

geochemical character is similar. Tectonic 

discrimination diagrams for basic rocks that include the 

fields of calc-alkaline rocks and their possible 

environments of formation have been applied to Group 

VI rock. The rock appears to be island arc and 

continental margin on FeO - MgO - Al2O3 plot (Figure 

7(a)) [44], calc-alkaline magma on Ti - Zr - Sr (Figure 

7(b)) [45] and Ti - Zr - Y (Figure 7(c)) plots [45], and 

calc-alkaline and continental margin volcanic arc and 

polygenetic crust island arc on normalized Th - Nb plot 

(Figures 7(d) and 7(e)) [46]. REE patterns show a 

negative Eu anomaly (Figure 5(a)), resulted from 

plagioclase fractionation [39]. N-MORB normalized 

multi-element patterns (Figure 5(b)) are LILE 

enrichment indicted the granitoids in subduction zone 

[37] and show negative Nb anomalies relative to Th and 

Ce which are significant signatures of subduction-

related magma [38].  

Thone Felsic rocks in Group II and Group III 

plutonic rock and Group I volcanic rock are dominant I-

type, calc-alkaline, subduction-related titanite, 

hornblende and biotite granite magmatism. Felsic rocks 

are volcanic arc, within plate or post-collision granites. 

The intermediate to mafic plutonic rocks in Group IV 

are transition from low K calc-alkaline to shoshonitic 

rocks that is the feature of continental volcanic arc 

magma. Thone plutonic and volcanic rocks show the 

enrichment in LILE relative to HFSE that is standard 

subduction signatures in volcanic arc granites 

[37,38,43]. Based on petrography, geochemistry and 

field relationship (relate with volcanic and volcano-

sedimentary rocks), Thoen plutons are assigned to be 

part of EGB of Southeast Asia that sporadically 

continues northward to Mae Chan plutons [13] and 

southward to Tak batholith [47], and Uthai Thani 

[48,49] and indicated the magmatism along the 

boundary between Sukhothai Arc and Inthanon Zone 

[17].    

The amalgamation of the Sibumasu and the 

Indochina blocks in Thailand will be debated for 

identified location, boundary, and timing. The plutonic 

rocks in Thailand occurred related to syn- and post-

collision between the Sibumasu and the Indochina 

blocks. The subduction of the Paleo-Tethys Ocean 

switch to the collision of the Sibumasu block and the 

Indochina block in the middle Triassic (237 Ma), the 

syn- collisional orogenic events in middle to late 

Triassic (230 - 237 Ma) and post-collisional orogenic 

events in late Triassic (200 - 230 Ma) [13]. The tectonic 

model for Thoen igneous rocks (Figure 8) was modified 

from Wang et al. [13] and Watthanapond et al. [48]. 

Early to middle Triassic, the Paleo-Tethys Ocean plate 

was east-subducted beneath the Sukhothai zone or 

Indochina block that was the occurring igneous rock in 

EGB and Group I, Group II, Group III and Group IV 

rocks of Thoen igneous rock. Age dating of granite of 

EGB in Mae Chan Chiang Rai is 226 ± 3 Ma [13], and 

Uthai Thani is 222 Ma [48]. Late Triassic period, the 

hybridized magma was generated and emplacement to 

be is muscovite-biotite-granite with 194 - 209 Ma in age 

[48].  
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Figure 6 Positions of the studied, Group I rhyolite, Group II granite, and group III quartz monzonite, monzonite, diorite, 

and granodiorite in (a) Na2O versus K2O [40], (b) CaO versus FeO(total) [41], (c) Nb versus Y [42], and (d) Rb versus 

Nb + Y [43] diagrams. 

 

 

Figure 7 Positions of the studied, Group IV rocks in (a) FeO - MgO - Al2O3, [44] (b) Ti - Zr - Sr [45] and (c) Ti - Zr - Y 

[45], and (d,e) chondrite-normalized Th - Nb diagrams [46]. 
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Figure 8 Tectonic model of the magmatism in EGB, Thailand (Modified after Wang et al. [13] and Watthanapond et al. 

[48]). 

 

 

Conclusions 

The plutonic rocks in the area of Lom Rat sub-

district, Thoen District, Lampang Province are 

dominantly felsic, intermediate to mafic plutonic rocks 

and minor felsic volcanic rocks. The petrography and 

geochemistry can be used to classify the igneous rock 

samples and summarized as follows:  

Thoen plutonic rock samples composed of Group 

I volcanic rock, Group II felsic plutonic rock, Group III 

intermediate plutonic rock, Group IV intermediate to 

mafic rocks.  

Major and trace elements data from Thoen felsic 

to intermediate plutonic rocks and felsic volcanic rock 

are the presence of mainly high-K calc-alkaline granite, 

indicated the magmatic affinity as calc-alkaline with I-

type magma series that an active continental margin, 

with the involvement of continental crust. The 

intermediate to mafic plutonic rocks are ranging from 

low K to high-K calc-alkaline and shoshonitic series, 

indicated the feature of continental volcanic arc magma. 

Chondrite-normalized REE patterns of Thoen 

plutonic rocks are variable enrichments in LREE, and 

depletions in HREE that typical of I-type volcanic arc 

granites.  

N-MORB normalized multi-element patterns of 

Thoen plutonic rocks are variable LILE enrichments in 

Rb, Ba, Th and Ce, and depletions in Ta, Nb, Sr and Ti, 

that are typical of I-type volcanic arc granites.  

Thoen pluton is the part of EGB and can be 

correlated with the Tak pluton, and the pluton in East 

Malaya province, Malaysia and was indicated the 

magmatism along the boundary between Sukhothai Arc 

and Inthanon Zone.  
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