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ABSTRACT: Triassic granitic rocks exposed in Dan Chang area are northern and southern granitic units. These granites
intruded Silurian-Devonian clastic sedimentary rocks of Bo Phloi Formation and Ordovician limestones of Thung Song
Group. Fifteen representative samples were collected for petrography, whole-rock geochemistry, and mineral chemistry
studies. These granites show porphyritic texture and comprise quartz, K-felspar, plagioclase, biotite, and muscovite as
the major compositions, with the minor compositions of ilmenite, zircon, and apatite. Moreover, aplite and pegmatite
are associated with the southern granite as dikes. Aplite and pegmatite are composed of mainly K-feldspar, quartz,
tourmaline, and plagioclase. Based on the whole-rock geochemistry, these rocks can be classified as peraluminous S-type
granite to granodiorite, originating from high-K calc-alkaline and derived from an upper crustal source. The geotectonic
discrimination diagrams show that these granitic rocks are significantly related to syn-collision to late-orogenic. The
mineral chemistry of the granites shows a close relationship of their compositions and magma genesis, which can imply
that aplite might be the last stage of the granitic crystallization. Moreover, the crystallization Pressure-Temperature
(P-T) conditions of the northern and the southern granites are 3.4-3.7 kbar, 571-630 °C and 3.3-3.8 kbar, 624-656 °C,
with calculated intrusion depths of 12-13 km and 12-14 km, respectively. These granitic rocks are comparable to the
S-type granite of the Central Belt Granite of Thailand, resulted from syn-collisional crustal thickening and subsequent

post-collision after the closure of the Paleotethyan during the Late Triassic.
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INTRODUCTION

The granitic rocks in Thailand and Southeast Asia
have been studied with respect to geological setting,
lithology, geochemistry, and geochronology by nu-
merous researchers [1-5]. Particularly in Thailand,
the granitic rocks can be divided into Eastern Belt,
Central Belt, and Western Belt [4,6]. The Eastern
Belt Granite (EBG) was formed during Late Car-
boniferous to Late Triassic [4,6-9]. Central Belt
Granite (CBG), which covers most of Thailand, was
formed in Late Triassic to Middle Jurassic [4, 6, 10].
The Western Belt Granite (WBG), the smallest mass
of granite belt in Thailand, found along Thailand-
Myanmar border, was formed in Late Cretaceous to
Early Tertiary [4, 6].

The CBG occupies about three-fourths of the
granitic terrains from Chiang Rai, Chiang Mai, and
Lampang in the North to Tak and Uthaithani in the

Central Plain and Rayong in the East and Eastern
part of the Peninsular area [4-6]. The granitic
rocks in the CBG are very complicated and can
be divided into foliated granite, megacrystic biotite
granite, and alkaline complex [4, 5]. For the lithol-
ogy of these granites, biotite granite and muscovite-
biotite granite are dominant phases, while horn-
blende granite is rare [4]. The granitic rocks in
the CBG have been reported as porphyritic coarse-
grained granite with abundant biotite, muscovite,
equal amounts of quartz and feldspar, and a lack
of green hornblende [3,11]. According to previous
studies, the CBG has been interpreted as the S-type
or ilmenite-series granitoids originated from partial
melting of the crust [12,13].

Although the granitic rocks in CBG have been
reported in many areas, especially in the NW of
Thailand and the SE of the Thai Peninsula, there
are few studies on petrology and geochemistry of
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the CBG in Central Thailand, especially in the Dan
Chang area, Suphan Buri Province. Thus, the study
on petrography, mineral chemistry, and geochem-
istry of the granitic rocks and related intrusive rocks
of the Dan Chang District, Suphan Buri Province
located in the west of Central Thailand can lead
to better understanding of the magmatism and tec-
tonic setting of the studied area.

GEOLOGICAL BACKGROUND

In the Dan Chang area, Suphan Buri Province,
Central Thailand (Fig. S1a), there are three rock
units [ 14], including Ordovician Thung Song Group,
Bo Phloi Formation, and igneous rocks (Fig. S1b).
The Ordovician Thung Song Group consists of dark
grey and grey, thick-bedded and massive limestones,
argillaceous limestone, dolomitic limestones, partly
metamorphosed limestones, and marble. The bed-
ding trend of these rocks is NE-SW. The Silurian-
Devonian Bo Phloi Formation is mainly clastic sed-
imentary rocks, including siltstone and shale in-
terbedded with grey, reddish-brown, fine- to coarse-
grained, subrounded, well-sorted quartzitic sand-
stone and lithic sandstone, and metamorphic rocks
of quartzite, phyllite. The trends of the beddings
are mainly NE-SW and NW-SE. The main joint di-
rections of these rocks are NE-SW and NW-SE [14]
and run through granitic rocks in this area. For the
igneous rocks, referred to as Triassic granites [14],
fine to coarse-grained quartz, feldspar, biotite, or
muscovite granite, and porphyritic granite can be
found with associated quartz and pegmatite veins
(Fig. S1b). The granitic rocks in this area are lo-
cated in the CBG trending [4, 6, 15-17] as shown in
Fig. Sla.

METHODOLOGY

Fifteen representative samples were collected from
ten locations of the studied area (Fig. S1b). All sam-
ples were prepared as polished-thin section stud-
ies by grinding powder no. 600, 1000 and 6, 3,
micron of diamond paste, respectively, for petro-
graphic study using a Polarized light microscope.
Powdered samples were prepared by disc mill and
dried at 105°C for 2 h. Whole-rock geochemical
analyses for major and minor compositions of the
representative samples were carried out by an X-
ray Fluorescence Analyzer (XRF), model Bruker AXS
S4 Pioneer at the Department of Geology, Faculty of
Science, Chulalongkorn University (CU). The major
and minor oxides (SiO,, TiO,, Al,O,, FeO,, MnO,
MgO, CaO, Na,O, K,O, and P,0.) were analyzed
according to international rock standards (BHVO-2,
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JG-2, RGM-1, AGV-2, GSP-2) for calibration. Loss
on ignition (LOI) was also measured prior to XRF
analysis by weighing one gram of dried powdered
samples before and after heating at 1050 °C for 3 h.
Moreover, trace elements and REE compositions
of the representative samples were performed by
an Inductively Coupled Plasma-Mass Spectroscopy
(ICP-MS) at ALS with detection limits ranging from
0.0004 ppm to 0.01% for trace elements. Hydroflu-
oric acid and nitric acid were used to digest the rock
samples and the rock standards [18]. Polished thin
sections were analyzed for mineral chemistry using
an Electron Probe Micro-Analyzer (EPMA), model
JEOL JXA-8100, at the Department of Geology, CU
with the analytical condition at 15 kV and about
2 pA for focused beam spot (1 pm). Mineral
standards and pure oxides were used to calibrate at
the same condition with automatic ZAF correction
and weight percent oxides reporting.

RESULTS
Field Sampling and petrographic description

The granitic exposures in the studied area can
be classified into two units: the southern (main)
and the northern (small) granitic units (Fig. S1b).
These granites are characterized by porphyritic
granite with abundant K-feldspar as phenocrysts
and groundmass, where the ratio of phenocryst and
groundmass is about 60:40, and other minerals
including quartz, biotite, and muscovite (Fig. 1a-d).
Moreover, pegmatite and aplite are usually associ-
ated with the southern granite unit (Fig. 1c).

For the granites in the northern unit, major
mineral assemblages are K-feldspar and microcline
(35-40%), quartz (30-35%), plagioclase (5-10%),
biotite (10-15%), and muscovite (5%). K-feldspar
(1 mm-5 cm) shows perthitic texture as subhedral
to euhedral phenocrysts. For other compositions,
anhedral to subhedral quartz (0.25-1 mm), an-
hedral to subhedral of plagioclase (0.25-1 mm) with
albite twinning, subhedral to euhedral microcline
(0.25 mm-1.5 cm) with cross-hatched twinning,
subhedral to euhedral biotite (0.25 mm-3 cm),
and muscovite (0.25 mm-1 ¢cm) are commonly pre-
sented together with accessory minerals (up to 1%)
of zircon, apatite, and opaque minerals.

The southern unit is largely composed of granite
and associated pegmatite and aplite dikes. Petro-
graphic description of the southern unit is displayed
as follows.

The southern granite unit comprises K-feldspar
(40-45%), quartz (35-40%), plagioclase (10—
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Fig. 1 (a) The porphyritic texture of K-feldspar of granite in location number 4 located in the northern unit;
(b) the photomicrograph under cross-polarized light (XPL) of the granite in the northern unit showing the main
mineral assemblages; (c) the porphyritic texture of K-feldspar of granite in location number 8 located in the southern
unit and associated aplite; (d,e,f) the photomicrograph under XPL of the granite in the southern unit, aplite, and
pegmatite, respectively. Abbreviations: Qtz (quartz); Kfs (K-feldspar); Bt (biotite); Pl (plagioclase); Ms (muscovite);

Tur (tourmaline).

15%), biotite (5-10%), and less abundant mus-
covite (2-3%). FEuhedral to subhedral K-feldspar
phenocrysts (1 mm-6 cm) generally show perthitic
texture and poikilitic texture. Subhedral to anhedral
quartz (0.5-2 mm), anhedral to subhedral pla-
gioclases (0.25-1 mm) with clear albite twinning,
subhedral to euhedral biotite (2 mm-3 cm), and
muscovite (0.25 mm-1.5 cm) are by and large ob-
served. Accessory minerals such as zircon, apatite,
and opaque minerals are commonly discovered in
all thin sections.

Aplites are exhibited as dikes injected into the
southern granite. Mineral assemblages of aplite

are mainly quartz (40-45%), K-feldspar (25-30%),
tourmaline (10-15%), plagioclase (5-10%), and
muscovite (1-2%), but no biotite. Generally, quartz,
K-feldspar, and plagioclase show phaneritic texture.
Moreover, fine-grained quartz and K-feldspar are
sometimes found in tourmaline as poikilitic texture
(Fig. 1e).

Pegmatite dikes are common in the southern
granite. They consist of K-feldspar (45-50%),
quartz (25-30%), tourmaline (25-30%), plagio-
clase (1-2%), and muscovite (1-2%). These min-
eral assemblages are mostly coarse-grained (1-
3.5 cm), especially tourmaline and K-feldspar. How-
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ever, fine-grained quartz (0.22-0.5 mm) and pla-
gioclase (0.1-0.25 mm) are also present (Fig. 1f).
Based on the modal QAP classification of plutonic
rocks, all samples can be classified as granite, except
the pegmatite, which was classified as alkaline-
feldspar granite (Fig. 2a).

Whole-rock geochemistry

Whole-rock geochemistry data from the represen-
tative samples from both granitic units including
two samples from the northern granitic unit and
thirteen samples from the southern granitic unit are
summarized in Table S1. Based on the major and
minor compositions, all granites from both northern
and southern units show similar compositions of the
granites and related rocks. For example, SiO, of
66.27-68.62 wt% and 61.73-73.59 wt%; and AL, O,
of 16.44-17.06 wt% and 13.68-17.95 wt% are for
the northern unit and the southern unit, respec-
tively. Moreover, the rocks from both units show
high potassium content (4.26-5.73 wt% of K,0) and
high Na,0+K,O content (8.01-9.97 wt%). The TAS
diagram plot of SiO, against Na,O+K,O [19] shows
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that these rocks are mainly granite with some gran-
odiorite compositions (Fig. 2b). For the plot of K,0
versus SiO, diagram [20, 21], these rocks are mainly
high-K calc-alkaline to shoshonitic series (Fig. 2c).
The plot of Al/(Ca+Na+K) against Al/(Na+K) [22]
shows that these rocks are peraluminous S-type
granite (Fig. 2d). Harker variation diagrams of
Si0, versus other oxides [23] show mostly scattered
distributions (Al,O,, FeO,, MgO, MnO, K,0) with
some negative correlations between TiO, and CaO
and positive correlation of Na,O from granite to
pegmatite and aplite (Fig. 3).

Primitive mantle-normalized spider diagrams
(Fig. 4a) of the rocks reveal similar patterns of the
marked Ba, Nb, Ti deletion, Rb, Th, K, and Pb en-
richments. The chondrite-normalized REE patterns
with chondrite-normalized La/Yb ratios from 1.87
to 10.49 are shown in Fig. 4b. The REE patterns
reveal slight enrichment from LREE to HREE, with
the marked Eu negative (Fig. 4b). These primitive
mantle-normalized spider diagrams (Fig. 4a) and
chondrite-normalized REE patterns (Fig. 4b) (prim-
itive mantle and chondrite values from [24]) are
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Fig. 3 Harker variation diagrams [23] with yellow shade
and blue shade (Inthanon zone) of the CBG from reported
data [4,16].

comparable to syn-collisional granite [25] and the
upper crust pattern [26].

Mineral chemistry

Mineral chemistry analyses of biotite, feldspar, and
opaque minerals were carried out, and the results
are summarized in the Supplementary Data.

Biotite: Biotite in the southern and north-
ern granites shows similar aluminum (Al) content
(about 1.4 pfu) but with slightly higher TiO, and
FeO, contents in the former (2.34-2.86 wt% of
TiO,, 20.21-20.96 wt% of FeO,) than in the later
(1.80-2.42 wt% of TiO,, 20.08-20.93 wt% of FeO,).
In addition, biotite cannot be found in the aplite.
These biotite minerals are classified into annite-
siderophyllites based on the classification of [27].
The summary of the mineral chemistry of biotite is
shown in Table S2.

Feldspar: Plagioclase and K-feldspar are pre-
sented in Tables S3 and S4, respectively. Plagioclase
in the southern unit reveals the anorthite (An) con-
tents from 10-13, classified as oligoclase. Moreover,
both granite and aplite in the northern unit show
similar An-contents of plagioclase as albite (Any_g in
granite; An,_; in aplite). K-feldspar in the northern

0.1

LEGEND @ Granite in Southern Unit ¢ Granite in Northern Unit ~ —— Upper crust [26]
B Aplite in Southern Unit (] Syn-collisional granite [25] ] CBG in the Inthanon zone [16]

Fig. 4 (a) Primitive mantle-normalized spider dia-
gram (primitive mantle values from [24]; (b) chondrite-
normalized REE patterns (chondrite values from [24]
of the studied rocks compared with the upper crust
of Earth [26]), syn-collisional granite [25], and in the
Inthanon zone [16].

granite (Org;_;q0) is the same as the southern gran-
ite (Orgq_og4) Which can be classified as orthoclase.

Opaque minerals: Opaque minerals are usually
found as accessory minerals. Based on the mineral
chemistry, these opaque minerals are ilmenite in all
units and composed of 42.17-42.59 wt% FeO, and
50.26-51.68 wt% TiO,. The mineral chemistry of
ilmenite is shown in Table S5.

DISCUSSION

Crystallization P-T condition and intrusion
depths

In terms of pressure of crystallization, the Al-in
biotite geobarometer of [28] was effectively used
to estimate the crystallization pressure (P) of the
granitic rocks by following the equation: P (kbar)
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= 3.03 x A1—6.53 (£0.33), where Al is the total
alumina per formula unit calculated on the basic of
O = 22. In this study, the calculated pressures of the
southern and the northern granites are similar rang-
ing from 3.32 to 3.76 kbar (Payg = 3.55 kbar) and
3.36 to 3.67 kbar (P,,, = 3.54 kbar), respectively
(Table S2).

For crystallization temperature, it is calculated
by using Ti-in biotite geothermometer of [29] and
the geothermometric expression: T = {[In(Ti) +
2.3594+1.7283(Xy,)1/4.6482 x 107719333 where
T is the temperature in degrees Celsius, Ti is the
number of atoms per formula unit (apfu) on the
basic of O = 22 atoms, and Xig is Mg/(Mg+Fe).
Based on the calculation results, the crystalliza-
tion temperatures of the southern body granite,
ranging 623.98-655.43°C, are higher than those
of the northern body granite (570.69-629.98°C)
(Table S2).

Intrusion depth of granites in the studied area
can be estimated based on the calculated crystal-
lization pressures (P) using the equation: P = pgh,
where P is crystallization pressures (GPa), p is the
density of the continental crust (2.73 kg/m?), g is
the specific gravity (about 10.0 m/s?), and h is the
depth (km). The intrusion depth of the southern
body granite (12-14 km) is slightly higher than the
northern body granite’s (12-13 km) (Table S2). The
Ps and Ts are reasonable, as confirmed by compara-
tive calculation with [30], and the intrusion depths
are related to crustal level according to the study
reported by [31]. The obtained crystallization P-T
conditions and intrusion depths are the first report
for the CBG in Thailand.

Petrogenesis

According to the field investigation, the granitic
rocks can be characterized by porphyritic texture
(Fig. 1a,c) together with the main compositions
of quartz, K-felspar, plagioclase, biotite, and mus-
covite. These petrographic characters are compa-
rable to the typical characters of the megacrystic
biotite granites in the CBG [4,5]. Moreover, the
appearance of ilmenite as opaque minerals in these
granites indicates that these granites can be classi-
fied as ilmenite series [1], which is also consistent
with the classified granites in the CBG [6].

Based on the whole-rock geochemistry, the sil-
ica (SiOz) and total alkaline (Na20+K20), plot-
ted in mostly the granite field with some gran-
odiorite composition, are comparable to the CBG
field (yellow field) reported by [4] and the gran-
ites in the Inthanon zone (blue shade) (Fig. 2b).
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The plot of SiO, versus K,O indicates that these
rocks were originated from high-K calc-alkaline to
shoshonitic magma the same as the data reported
by [4] (Fig.2c). In addition, these rocks can
be constrained to high-K calc-alkaline magma by
comparing to the composition of granites in the
Inthanon zone of CBG reported by [16]. The plots of
Al/(Ca+Na+K) against Al/(Na+K) of [22] (Fig. 2d)
indicate that these granitic rocks are peraluminous
S-type granite compositions that are comparable to
the CBG reported by [4,16].

With respect to the Harker variation diagrams
(Fig. 3), most of them show scattered distribution,
probably indicating the S-type granite feature com-
parable to the CBG [4,16]. Some correlations in
the Harker variation diagrams of granite, aplite,
and pegmatite should indicate the close magmatism
relationship. Although some variation plots of Na,O
show positive correlation with SiO, that might have
been affected by the crystallization of feldspar in
these granites, varying from oligoclase, albite, and
orthoclase, these variation plots are still comparable
to the CBG fields reported by [4, 16].

The depletions of Ba, Nb, and Ti; and the
enrichments of Rb, Th, K, and Pb in the primi-
tive mantle-normalized spider diagram (Fig. 4a) are
comparable to the collisional granite [25]. More-
over, both the primitive mantle-normalized spider
diagram and the chondrite-normalized REE patterns
of the granites are comparable to the CBG in the
Inthanon zone [16]. The negative anomaly of Eu
in the chondrite-normalized REE patterns (Fig. 4b)
was probably affected by the fractionation of pla-
gioclase [25]. Although the REE patterns of the
aplite are different from the granites that might be
affected by the tetrad effect [32], the wide range
of chondrite-normalized La/Yb ratios (1.87-10.49)
and Zr/Hf ratios (12-30) can indicate fractionation
related to the evolution of silica melt [33]. The
decreasing Zr/Hf ratios from granites (30-33) to
aplite (10) is related to the increasing evolution of
high-silica melt [32] which is consistent with the
SiO, contents of these rocks.

In terms of the magmatic sources, the plots
of mineral chemistry of biotite of [34] can clearly
indicate that the magmatic sources of these rocks are
crust sources (Fig. 5a). These plotted crustal mag-
matic sources are confirmed by the calculated in-
trusion depths. Furthermore, the primitive mantle-
normalized spider diagram is comparable to the
upper crust [26] which is also consistent with the
CBG in the Inthanon zone (represented by the blue
shaded area in Fig. 4ab) that originated from the
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Fig. 5 Plots of: (a) MgO against FeO/(FeO+MgO) diagram [34] of biotite in granites from the study area; (b) R1 against
R2 geotectonic discrimination diagram [36] (R1, 4Si—11(Na+K)—2(Fe+Ti); R2, 6Ca+2Mg+Al); (c) ternary plots of
FeO-MgO-AL,O, of biotite [35]; trace-element based geotectonic classification of granitoids by [37]: (d) Y against Nb,

(e) Yb against Ta, and (f) Y+Nb against Rb.

crustal components [16].

Tectonic implication

The combination of the mineral chemistry, whole-
rock geochemistry, and comparison to the previous
studies of the CBG can be used to imply the tectonic
setting for the granitic formation in the Dan Chang

area. Ternary plots of FeO-MgO-AlL,O, of biotite
compositions [35] suggest that the peraluminous
magmas are related to the collision (Fig. 5¢). More-
over, the plots of R1 (4Si—11(Na+K)—2(Fe+Ti))
and R2 (6Ca+2Mg+Al) geotectonic discrimination
diagram [36], which uses the functions of major
compositions of the granitic rocks, indicate that
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these rocks relate to syn-collisional to late-orogenic
(Fig. 5b). From the study of immobile elements, the
plot of Nb against Y [37] indicates that all granitic
rocks are related to the volcanic arc granites and the
syn-collisional granites (Fig. 5d). Ta versus Yb dia-
gram [37] suggests that these rocks are close to the
syn-collisional granites and the within-plate granite
(Fig. 5€). The plot of Rb against Y+Nb [37] indi-
cates that these rocks are more likely related to the
syn-collisional granites than the volcanic arc granite
or the within-plate granites (Fig. 5f). Moreover,
the primitive mantle-normalized spider diagram
(Fig. 4a) and the chondrite-normalized REE pat-
terns (Fig. 4b) are clearly comparable to those of the
syn-collisional granites from the western segment of
the Jiangnan Orogen, South China [25]. Based on
the tectonic discrimination diagrams (Fig. 5b-f), the
granitic rocks of Dan Chang area are comparable to
the CBG [4], especially the granites in the Inthanon
zone, Northern Thailand (Fig. Sla), which origi-
nated from syn-collisional crustal thickening and
subsequent post-collision after the closure of the
Paleotethyan during Late-Triassic (~200-230 Ma)
[16,38-40].

CONCLUSION

Granitic rocks in Dan Chang area, including the
northern and southern units, are composed of gran-
ite, aplite, and pegmatite. The granitic rocks are
characterized by porphyritic texture with the as-
semblages of quartz, K-feldspar, plagioclase, biotite,
muscovite, and some accessory minerals of zircon,
apatite, and ilmenite. The crystallization P-T condi-
tions of the northern body and the southern body
granites are 3.36-3.67 kbar, 570.69-629.98 °C and
3.32-3.76 kbar, 623.98-655.43 °C, respectively. The
calculated intrusion depth of the southern granite is
12-14 km, while 12-13 km is the depth of the north-
ern granites. Moreover, these granitic rocks are
classified into peraluminous S-type granite formed
by high-K-calc-alkaline magma from upper crustal
sources comparable to the CBG of Thailand. Finally,
these granitic rocks are related to syn-collision to
late orogeny which can be compared w the syn-
collisional crustal thickening and subsequent post-
collisional after the closure of paleotethyan during
Late-Triassic.

Appendix A. Supplementary data

Supplementary data associated with this arti-
cle can be found at http://dx.doi.org/10.2306/
scienceasial513-1874.2021.066.
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Fig. S1 (a) Index map of Thailand showing the distribution of the three granite belts [4, 6, 15-17]; (b) geological map
of the studied area in Dan Chang District, Suphan Buri Province, Thailand [14] showing locations of representative
samples.
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Table S1 Whole-rock geochemistry of granites in Dan Chang area, Suphan Buri Province, Central Thailand (major and
minor oxide in wt%, trace elements and REE in ppm).

Unit Northern Southern

Rock Granite Granite Aplite Pegmatite
Sample DC4 DC5 DC1 DC2 DC3-1 DC3-2 DC6-1 DC7-1 DC8-1 DC9 DC10 DC6-2 DC7-2 DC8-2  DCO5
Major and minor oxides (wt%)

Sio, 68.62 66.27 67.85 69.42 73.59 69.81 65.06 61.73 67.20 66.27 67.85 69.91 70.71 73.39 69.08
TiO, 0.32 0.20 0.19 0.21 0.14 0.18 041 047 036 033 0.19 0.04 0.03 0.02 0.20
Al,O,4 17.06 16.44 16.83 16.60 13.68 15.18 16.54 16.93 16.12 15.71 16.83 16.81 17.95 16.67 16.82
FeO, 2.75 2.05 2.01 2.04 1.11 193 294 322 277 243 201 0.81 0.53 0.53 4.13
MnO 0.03 0.03 0.03 0.02 0.01 0.02 0.03 0.03 0.03 0.02 0.03 0.00 0.01 0.01 0.03
MgO 1.73 0.82 0.95 097 0.64 099 143 157 144 1.08 095 0.09 0.11 0.09 0.91
CaO 0.90 1.00 0.98 0.84 0.64 078 143 156 139 124 098 0.71 0.48 0.51 0.48
Na,O 3.66 3.45 3.60 398 493 480 3.13 323 337 331 3.60 3.95 4.69 5.39 2.03
K,0 5.73 4.88 4.99 5.27 446 472 524 538 496 4.69 499 5.46 5.29 4.26 6.30
P,0O, 0.30 0.36 0.33 032 0.22 027 031 028 030 027 033 0.38 0.39 0.42 0.48
LOI 097 0.86 0.73 083 053 076 0.70 0.60 0.70 0.60 0.85 0.47 0.70 0.50 0.80
Total 100.95 96.34 98.48 100.50 99.94 99.43 97.22 95.00 98.63 95.95 98.00 98.63 100.87 101.81 97.98
Trace elements (ppm)

Li 10 10 10 - - - - - 70 - - - - 10 -
\Y% 26 16 13 - - - - - 25 - - - - 5 -
Cr 130 110 110 - - - - - 150 - - - - 190 -
Sc 5 5 3 - - - - - 5 - - - - 3 -
Ni 5 2 4 - - - - - 8 - - - - 1 -
Cu 2 2 <1 - - - - - 2 - - - - 1 -
As 6 12 <5 - - - - - 7 - - - - <5 -
Co 2 1 2 - - - - - 3 - - - - <1 -
Zn 21 29 33 - - - - - 39 - - - - 12 -
Ga 17.8 19.2 179 - - - - - 19.1 - - - - 24.3 -
Rb 282 297 281 - - - - - 318 - - - - 308 -
Sr 1145 719 67.1 - - - - - 869 - - - - 7.8 -
Y 27.6 18.6 30.2 - - - - - 267 - - - - 3.9 -
Zr 202 102 88 - - - - - 163 - - - - 20 -
Sn 21 26 22 - - - - - 19 - - - - 30 -
Cs 2.96 9.8 8.55 - - - - - 19.65 - - - - 5.62 -
Ba 1025 447 474 - - - - - 551 - - - - 13.1 -
La 47.8 21.7 229 - - - - - 357 - - - - 1.2 -
Ce 97.3 46.1 47.1 - - - - - 75 - - - - 2.7 -
Pr 1095 5.27 5.23 - - - - - 853 - - - - 0.31 -
Nd 39.1 19.2 19.6 - - - - - 314 - - - - 1.3 -
Sm 7.76  4.62 4.72 - - - - -  6.89 - - - - 0.55 -
Gd 598 391 4.65 - - - - - 546 - - - - 0.54 -
Tb 0.94 0.63 0.75 - - - - - 0.86 - - - - 0.11 -
Dy 2.27 3.5 471 - - - - - 4091 - - - - 0.72 -
Ho 092 0.62 0.84 - - - - - 0.88 - - - - 0.1 -
Er 2.69 1.63 2.32 - - - - - 248 - - - - 0.33 -
Tm 0.42 0.27 0.38 - - - - - 0.39 - - - - 0.06 -
Yb 2.67 1.63 2.28 - - - - - 244 - - - - 0.46 -
Lu 0.38 0.23 0.33 - - - - - 037 - - - - 0.05 -
Nb 183 17.5 15.2 - - - - - 16.6 - - - - 37.1 -
Ta 3.2 3.2 3 - - - - - 2.6 - - - - 17.5 -
Pb 33 41 49 - - - - - 46 - - - - 18 -
Th 41.5 17.85 16.75 - - - - - 288 - - - - 1.04 -
U 7.7 548 6.86 - - - - - 11.95 - - - - 18.55 -
Mo <1 <1 <1 - - - - - 1 - - - - <1 -
Eu 0.9 0.55 0.62 - - - - - 0.72 - - - - 0.03 -
Hf 6.7 3.4 2.9 - - - - - 5 - - - - 1.7 -
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Table S2 Representative EPMA analyses of biotite in granites from Dan Chang area, Suphan Buri Province, Central
Thailand.

Unit Northern unit Southern unit

Analysis no. 4bt2-1 4bt2-2 4bt3-1 4bt3-2 4bt4-1 4bt4-2 11bt2-1 11bt2-2 11inbt2-1 11inbt2-2 11zbt3-1 11zbt3-2
SiO2 3895 3885 38.40 3891 38.79 38.80 38.38 38.86 38.26 38.46 38.25 38.57
A1203 17.61 17.42 17.44 17.44 17.23 17.09 17.71 17.45 17.47 17.48 17.10 17.07
TiO, 2.39 242 1.87 1.95 1.85 1.80 2.86 2.65 2.52 2.67 2.34 2.35
FeO, 20.24 20.08 20.52 20.83 20.71 20.94 20.72 20.22 20.96 20.96 20.48 20.86
MnO 0.29 0.30 0.32 0.30 0.34 0.30 0.28 0.25 0.28 0.26 0.29 0.33
MgO 8.22 8.41 8.65 8.09 8.63 8.42 7.80 8.00 8.37 8.22 8.66 8.60
CaO 0.05 0.03 0.04 0.16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02
Na, O 0.08 0.07 0.07 0.01 0.05 0.05 0.10 0.05 0.03 0.06 0.06 0.06
KZO 8.09 8.82 8.80 8.49 8.42 8.17 8.75 8.84 8.13 8.21 8.40 8.34
Total 96.12 96.77 9691 96.32 96.03 96.44 96.60 96.39 96.16 96.69 96.26 96.91
10 (O)

Si 2.637 2.623 2592 2.647 2.644 2.624 2.607 2.638 2.607 2.601 2.600 2.602
Al 1.405 1.386 1.387 1.398 1.384 1.362 1.418 1.395 1.403 1.393 1.370 1.357
Ti 0.122 0.123 0.095 0.100 0.095 0.091 0.146 0.135 0.129 0.136 0.119 0.119
Fe 1.146 1.133 1.158 1.184 1.180 1.184 1.177 1.147 1.194 1.185 1.164 1.177
Mn 0.017 0.017 0.018 0.017 0.020 0.017 0.016 0.015 0.016 0.015 0.017 0.019
Mg 0.829 0.846 0.869 0.820 0.876 0.848 0.790 0.809 0.850 0.827 0.876 0.865
Ca 0.003 0.002 0.003 0.012 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001
Na 0.010 0.010 0.009 0.002 0.007 0.007 0.013 0.007 0.004 0.008 0.008 0.008
K 0.699 0.759 0.758 0.736 0.732 0.705 0.758 0.765 0.706 0.708 0.728 0.717
Total 6.879 6.919 6.935 6.920 6.938 6.888 6.924 6.913 6.914 6.894 6.917 6.906
Mg/(Fe+Mg) 0.420 0.427 0.429 0.409 0.426 0.417 0.402 0.414 0.416 0.411 0.430 0.424
P (kbar) 3.67 3.53 3.54 3.62 3.52 3.36 3.76 3.6 3.65 3.58 3.41 3.32
Temp (°C) 627.03 629.98 581.1 587.49 580.21 570.69 655.43 644.73 636.62 644.84 625.47 623.98
Depth (km) 13 13 13 13 13 12 14 13 13 13 13 12

Table S3 Representative EPMA analyses of plagioclase in granites from Dan Chang area, Suphan Buri Province, Central
Thailand.

Unit Northern unit Southern unit

Analysis no. 4mp3-1 4pl2-1 4pl2-2 4pl2-3 11pll-1 11pl11-2 11pl13-1 11pl3-2 9kpl-2 9kp2-1
Sio, 66.57 67.33 67.84 66.97 67.37 67.46 67.76 67.21 66.71 65.96
Al, O, 20.66 19.77 19.94 19.30 19.72 19.54 19.96 19.42 20.77 20.03
TiO, 0.02 0.02 0.00 0.00 0.01 0.00 0.00 0.03 0.00 0.01
FeO, 0.07 0.05 0.00 0.04 0.13 0.08 0.00 0.03 0.01 0.02
MnO 0.03 0.00 0.00 0.00 0.03 0.00 0.01 0.02 0.01 0.03
MgO 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01
CaO 1.68 0.10 0.09 0.13 2.58 2.22 2.19 2.77 0.12 0.00
Na, O 10.87 11.30 11.96 13.00 10.37 10.28 10.94 10.44 11.99 12.33
K,0O 0.28 0.45 0.06 0.18 0.11 0.07 0.05 0.15 0.04 0.00
Total 100.24 99.65 100.45 99.62 100.82 99.98 101.09 100.16 100.01 98.74
8 (0)

Si 2.921 2.956 2.953 2.961 2.934 2.955 2.944 2.953 2.921 2931
Al 1.068 1.023 1.022 1.006 1.012 1.009 1.022 1.005 1.072 1.049
Ti 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000
Fe 0.003 0.002 0.000 0.002 0.005 0.003 0.000 0.001 0.000 0.001
Mn 0.001 0.000 0.000 0.000 0.001 0.000 0.000 0.001 0.000 0.001
Mg 0.001 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.001
Ca 0.079 0.005 0.004 0.006 0.120 0.104 0.102 0.130 0.006 0.000
Na 0.924 0.961 1.009 1.114 0.875 0.873 0.921 0.889 1.018 1.062
K 0.016 0.025 0.003 0.010 0.006 0.004 0.002 0.009 0.002 0.000
Total 5.014 4.994 5.012 5.098 4.972 4.960 4.997 4.991 5.032 5.057
An 0.080 0.000 0.000 0.010 0.120 0.110 0.100 0.130 0.010 0.000
Ab 0.910 0.970 0.990 0.990 0.870 0.890 0.900 0.860 0.990 1.000
Or 0.020 0.030 0.000 0.010 0.010 0.000 0.000 0.010 0.000 0.000
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Table S4 Representative EPMA analyses of K-feldspar in granites from Dan Chang area, Suphan Buri Province, Central
Thailand.

Unit Northern unit Southern unit

Rock Granite Granite Aplite
Analysis no. 4Kkf1-2 4kf3-1 4kf3-2 4kf4-2 11kf1-1 11pk2-1 11pk2-2 11o0k1-2 9kf3-1 9kf3-2
Sio, 66.47 65.96 66.67 66.80 66.52 65.25 65.38 66.28 66.91 66.39
Al, O, 20.73 21.12 20.68 20.88 20.66 20.53 20.32 20.17 20.61 20.46
TiO, 0.02 0.01 0.03 0.01 0.00 0.00 0.00 0.03 0.02 0.02
FeO, 0.02 0.05 0.04 0.00 0.05 0.00 0.04 0.11 0.00 0.00
MnO 0.02 0.00 0.01 0.00 0.00 0.02 0.00 0.00 0.00 0.00
MgO 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00
CaO 0.00 0.00 0.22 0.00 0.01 0.00 0.00 0.02 0.00 0.00
Na, O 0.67 0.00 0.27 0.26 0.71 0.56 0.56 0.89 0.50 0.49
K,0O 10.60 12.01 11.23 11.52 11.52 12.30 13.35 12.48 10.54 10.54
Total 98.71 99.19 99.71 99.86 99.48 99.72 99.77 100.68 98.78 98.64
8 (0)

Si 2.997 2.981 2.983 2.991 2.995 2.943 2.972 2.968 3.009 2.988
Al 1.101 1.125 1.090 1.101 1.096 1.091 1.088 1.064 1.092 1.085
Ti 0.001 0.000 0.001 0.000 0.000 0.000 0.000 0.001 0.001 0.001
Fe 0.001 0.002 0.001 0.000 0.002 0.000 0.002 0.004 0.000 0.000
Mn 0.001 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000
Mg 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000
Ca 0.000 0.000 0.011 0.000 0.000 0.000 0.000 0.001 0.000 0.000
Na 0.059 0.000 0.023 0.022 0.062 0.049 0.049 0.077 0.043 0.043
K 0.609 0.692 0.641 0.658 0.662 0.707 0.774 0.713 0.605 0.605
Total 4.775 4.802 4.772 4.784 4.818 4.831 4.889 4.854 4.757 4.750
An 0.000 0.000 0.020 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ab 0.090 0.000 0.030 0.030 0.090 0.070 0.060 0.100 0.070 0.070
Or 0.910 1.000 0.950 0.970 0.910 0.930 0.940 0.900 0.930 0.930

Table S5 Representative EPMA analyses of ilmenite in granites from Dan Chang area, Suphan Buri Province, Central
Thailand.

Unit Southern unit Northern unit

Analysis no. 4opql-1 4opql-2 1lopg3-1 1lopg3-2
Sio, 0.02 0.78 0.04 0.46
ALO, 0.00 0.36 0.00 0.12
TiO, 50.95 50.26 51.68 50.91
FeO, 42.19 42.30 42.59 42.17
MnO 5.13 5.17 5.02 4.93
MgO 0.06 0.06 0.05 0.06
CaO 0.61 0.61 0.13 0.30
Na,O 0.00 0.00 0.00 0.05
K,0 0.01 0.01 0.06 0.07
Total 99.38 99.98 99.92 99.23
3(0)

Si 0.000 0.020 0.001 0.012
Al 0.000 0.011 0.000 0.004
Ti 0.975 0.963 0.983 0.975
Fe 0.898 0.902 0.901 0.898
Mn 0.111 0.112 0.108 0.106
Mg 0.002 0.002 0.002 0.002
Ca 0.017 0.000 0.003 0.008
Na 0.000 0.000 0.000 0.003
K 0.000 0.000 0.002 0.002
Total 2.012 2.011 2.008 2.012
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