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area, central Thailand: Implications for crystallization condition and
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The Cenozoic volcanic rocks distributed in the Lop Buri area, central Thailand, were investigated
for petrographic and mineral chemistry studies. The petrographic examination revealed three main
rocks: basalt, basaltic tuff, and rhyolite, distinguished by their mineral compositions and textures.
Basalt exhibits a trachytic texture, while basaltic tuff is characterized by the presence of pyroclastic
materials, including crystal ashes. Rhyolite typically displays a rhyolitic flow and spherulitic texture.
Despite the textural differences, basalt and basaltic tuff share similar mineral compositions,
predominantly consisting of plagioclase, clinopyroxene, olivine, and accessory opaque minerals of
titanomagnetite and titanohematite. In contrast, rhyolite is composed of quartz, K-feldspar,
plagioclase, biotite, and titanomagnetite. Further analysis of the magnetite in these volcanic rocks
confirmed its primary igneous origin. Crystallization temperature calculations calculated by the
magnetite composition indicate temperatures of approximately 758 — 981 °C for basalt, 559 — 738
°C for basaltic tuff, and 672 — 880 °C for rhyolite. These volcanic rocks should be originated from
the extensional setting resulted from India-Eurasia collision.
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The Cenozoic volcanic rocks are
extensively  distributed across  multiple
countries, spanning China, Vietnam, Laos, and
Thailand (Barr and Macdonald, 1981; Yan et al.,

1. Introduction

Volcanic rocks widely distributed in
Thailand and SE Asia are characterized by the

presence of various volcanic rock formations
from different volcanic events. Although the
Palaeozoic to Mesozoic volcanic rocks,
including Chiang Mai-Chiang Rai volcanic belt,
Tak-Chiang Khong Volcanic belt, Nan-
Uttaradit volcanic belt, and Loei-Phetchabun-
Ko Chang volcanic belt, have been reported as
the most abundant volcanism areas, the
Cenozoic volcanic rocks are extensively
distributed throughout Thailand and SE Asia
(Barr and Cooper, 2013; Barr and Charusiri,
2011; Barr and Macdonald, 1981; Intasopa et
al., 1995; Hunyek et al., 2021) (Fig. 1a).

2018) (Fig. la). In Thailand, these volcanic
rocks can be found in northern, central, and
eastern Thailand, especially along the western
and southern edges of the Khorat Plateau (Barr
and Macdonald, 1981; Barr and Charusiri, 2011)
(Fig. 1a). The Cenozoic volcanic rocks can be
chemically divided into basalt and rhyolite
(Intasopa et al., 1995). The Cenozoic basalt is
predominantly found, but the occurrence of
Cenozoic rhyolite has been reported specifically
in the Lop Buri area, where it is associated with
basalt reported by Intasopa et al. (1995).
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Although there are several reports on the whole-
rock geochemistry of Cenozoic volcanic rocks
in the Lop Buri area (e.g., Barr and Cooper,
2013; Barr and  Macdonald, 1981;
Chualaowanich et al., 2008a; Chualaowanich et
al., 2008b; Intasopa et al., 1995), the details of
petrographic characters together with mineral
chemistry of magnetite that benefits for
crystallization condition of the rocks have not
been done.
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Therefore, this research aims to study the
petrography and mineral chemistry of the
Cenozoic volcanic rocks in the Lop Buri area,
central Thailand to imply the crystallization
condition and the petrogenesis of the volcanic
rocks in this area, and to understand the
volcanism during Cenozoic in Thailand and SE
Asia.
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Figure 1 (a) Index map of Thailand and volcanic rocks distribution (modified after Jungyusuk and
Khositanont, 1992) (b) Geological map of study area (DMR, 1976)

2. Geological background

Lop Buri Province, central Thailand, the
study area (Fig. 1), is composed of diverse rock
units, including both sedimentary and igneous
rocks. In particular, the sedimentary rocks in the
area consist of Permian limestone of Saraburi
Group (Assavapatchara et al., 2006), as well as
Triassic to Cretaceous clastic sedimentary rocks
of Khorat Group (Racey and Goodall, 2009).
These sedimentary rocks exhibit a parallel

orientation along north-south direction (DMR,
1976; 2007).

The igneous rocks in the study area consist
of both volcanic (Intasopa et al., 1995; Uthairat
et al., 2021) and plutonic rocks (Nualkhao et al.,
2018). Regarding volcanic rocks, Permian-
Triassic undifferentiated volcanic rocks and
andesitic rocks can be found in the south of the
study area while Cenozoic basalt and rhyolite
are largely discovered in the middle part of
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study area (Fig. 1b). The plutonic rocks are
composed of diorite and hornblende diorite
(DMR, 1976).

3. Methodology

Sixteen representative samples  of
volcanic rocks, including basalt, basaltic tuff
and rhyolite, were collected from the study area
(Fig. 1b). The samples were meticulously
prepared as thin sections for petrographic
investigation using a polarized light microscope.
Following the examination of textures and
mineral assemblages, the most suitable and
fresh thin sections were carefully selected for
further analysis. These selected thin sections
were prepared for polished thin sections by
polishing process using grinding machines with
successively finer abrasives of 6, 3, and 1
microns, respectively.

Subsequently, mineral chemistry study
was conducted using an Electron Probe Micro-
analyzer (EPMA), specifically the JEOL JXA-
8100 model. The analytical conditions were set
at 15 kV and approximately 2 pA for a focused
beam spot of 1 um. To ensure accuracy and
reliability, mineral and pure oxide standards
were utilized for calibration under the same
analytical conditions. The calibration process
involved automatic ZAF correction, and the
results were reported in weight percent oxides.
All experiments were performed at Department
of Geology, Faculty of Science, Chulalongkorn
university.

4. Results
4.1 Field occurrence and petrography

In the study area, a notable association of
basalt, basaltic tuff, and rhyolite can be
observed. Basalt and basaltic tuff predominantly
occur in low-lying areas, such as open-pit mines
(Fig 2a), while rhyolitic outcrops are
predominantly found as hill and in hilly terrain.

Basalt is generally black, characterized by
aphanitic texture, and reddish brown for
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weathered surface (Fig. 2b). Basaltic tuff is also
black like basalt (Fig. 2c). Rhyolitic rocks
basically show pale colour for fresh surface and
reddish brown for weathered surface. These
rthyolitic rocks can be characterized by clear
rhyolitic flow texture (Fig. 2d). The detail about
collected samples with location are provided in
Table 1.

Basaltic rocks are composed of two rock
types, including basalt and basaltic tuff. Basalt
is characterized by aphanitic and trachytic
textures (Fig. 3a), while basaltic tuff is
characterized by comprising pyroclastic
materials, including ashes and intratelluric
crystals (Fig. 3b). However, these rocks show
similar ~ mineral assemblages, including
predominantly plagioclase showing albite
twinning (50 — 60%), clinopyroxene (30 — 40
%), olivine (5 — 10%) and opaque minerals.

Table 1 Representative samples from the study area
with sample locations.

Sample No.  Location (Lat/long) Rock type
Bl 15°03'55.9"N /100°57'51.6"E Basalt

B2 15°03'55.9"N /100°57'51.6"E Basalt

B3 15°03'55.9"N /100°57'51.6"E Basalt

B4 15°03'55.9"N /100°57'51.6"E Basalt

B5 15°03'55.9"N /100°57'51.6"E Basalt

B6 15°03'55.9"N /100°57'51.6"E Basalt

B7 15°03'55.9"N /100°57'51.6"E Basalt

B8 15°03'55.9"N /100°57'51.6"E Basalt

B9 15°03'55.9"N /100°57'51.6"E Basalt
B10 15°03'49.2"N /100°57'50.5"E Basalt
Bl11 15°12'12.7"N /101°05'27.6"E Basalt
BI2 15°10'07.4"N /101°03'51.0"E Basalt
B13 15°05'38.3"N /100°57'14.2"E Basaltic tuff
R1 15°06'41.3"N /100°59'50.1"E Rhyolite
R2 15°08'19.9"N /101°02'26.3"E Rhyolite
R3 15°1127.0"N /101°05'13.9"E Rhyolite

Rhyolitic rocks in the study area are
primarily composed of quartz, K-feldspar
(sanidine), plagioclase showing albite twinning,
and occasionally biotite. The mineral
compositions are approximately quartz (30 —
40%), K-feldspar (20 — 30%), plagioclase (15 —
20%), biotite (5 — 10%) and opaque minerals. In
addition, spherulitic texture can be observed in
the volcanic rocks (Fig. 3¢ — 3d).
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Opaque minerals can be found as
accessory minerals in all volcanic rocks in the
study area. these opaque minerals are clearly
observed in black colour together with a
rectangular shape (Fig. 4a — 4d).

4.2 Mineral chemistry

The mineral chemistry of opaque minerals
of the representative polished thin sections of
basalt, basaltic tuff, and rhyolite were examined.
EPMA data are provided in Table 2. Fe*" and
Fe** concentrations were calculated following
Droop (1987).
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The mineral chemistry data of the opaque
minerals indicate Fe-Ti oxide minerals.

FeO-Fe;03-TiO, system of Deer et al.
(2013) (Fig. 5) suggested that these Fe-Ti oxide
minerals can be deeply classified as follow:

The opaque minerals in basalt are

titanomagnetite (TiO2 ~ 23.4 wt.%, FeO ~ 47.7
wt.%, FexO3 ~ 40.9 wt.%) and titanohematite
(TiO2 ~ 44.3 wt.%, FeO ~ 35.1 wt.%, Fe,O3 ~
10.3 wt.%).

Figure 2 (a) Outcrop exposure at the open-pit mine of LOMINECHEM CO., LTD at Lop Buri Province and
rock samples of (b) basalt showing dark gray to black (c) basaltic tuff showing dark greenish gray (d) rhyolite

showing light and yellowish gray to reddish gray layers.
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Figure 3 Photomicrographs under cross-polarized light (XPL) showing mineral assemblages and typical
textures: (a) Basalt showing trachytic texture, (b) Basaltic tuff (¢ — d) Rhyolite. Mineral abbreviations: Qtz
(quartz); PI (plagioclase); Kfs (K-feldspar); Cpx (clinopyroxene); Bt (biotite); Opq (opaque minerals) and Ol
(olivine) according to Kretz (1983).

Figure 4 Photomicrographs under plain-polarized light (PPL) showing mineral assemblages and opaque
minerals distribution in volcanic rocks: (a — b) Basalt (c) Basaltic tuff (d) Rhyolite. Mineral abbreviations:
Qtz (quartz); Pl (plagioclase); Kfs (K-feldspar); Cpx (clinopyroxene); Bt (biotite); Opq (opaque minerals)
and Ol (olivine) according to Kretz (1983).
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The opaque minerals in basaltic tuff are
titanomagnetite (TiO2 ~ 13.7 wt.%, FeO ~
48.0 wt.%, FeO3 ~ 339 wt%) and
titanohematite (TiO2~ 47.9 wt.%, FeO ~ 40.9
wt.%, Fe:O3 ~ 8.7 wt.%). For the rhyolite,
opaque minerals are titanomagnetite (TiO2 ~
1.8 wt.%, FeO ~ 40.0 wt.%, Fe.O3 ~ 45.4
wt.%).

Titano-magnetite is cubic solid solution
at high temperature between magnetite and
ulvospinel (Bowles, 2021). Titano-hematite
seem to be a result from oxidation of
ulvospinel at high temperature following the
relationship between magnetite and other Fe-
Ti Oxides proposed by Bowles (2021).

TiO,

Legend

@ Basalt

O Basaltic tuff

Rhyolite
FeO.2TiO, < Rhyolite

FeO.TiO,
(Ilmenite) Fe,TiO,

(l’scudobroo‘kitc)

2Fe0.TiO,
(Ulvéspinel)

FeO Fe O, Fe,0,
(Magnetite) (Hematite)

Figure 5 The FeO-Fe;03-TiO2 system of
oxide mineral (Deer et al., 2013).

5. Discussion
5.1 Crystallization condition

The mineral chemistry of a single grain
of magnetite can indeed provide valuable
information for the calculation of empirical
geothermometry according to proposed
formula by Canil and Lacourse, (2020), as the
following equation:

Tug (°C) = -8344 / [InXg -4.1] -273

Based on the formula above, the
calculated temperature ranges for the
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crystallization of magnetite in basalt, basaltic
tuff, and rhyolite are 758 — 981 °C, 559 — 738
°C, and 672 — 880 °C, respectively.

These magnetite minerals are supposed
to be the primary igneous magnetite which can
be  characterized by  crystallization
temperature mostly above 700 °C (Canil and
Lacourse, 2020). Thus, these calculated
temperatures indicate crystallization
temperature of magnetite before the eruption
of lava generating these rocks to the Earth’s
surface. The obtained lower temperatures
could be attributed to slow cooling processes
(Canil and Lacourse, 2020). Therefore, the
results imply that the basaltic magmatic
system generates at the highest temperature,
followed by the rhyolite, and basaltic tuff
systems, respectively. This finding is similar
to the studies of mafic to more evolved
pyroclastic deposits in Popocatépetl volcano,
Mexico, which magnetite yields lower
crystallization temperature compared to
primary mafic to more evolved magmas
(Mangler et al., 2020; Dudzisz et al., 2022).

5.2 Petrogenesis and tectonic setting

According to the field occurrence of the
Cenozoic volcanic rocks and the petrological
characteristics combined with the previous
geochemical characters from previous studies
(e.g., Barr and James, 1990; Yan et al., 2018),
the Cenozoic volcanic rocks in Thailand and
Southeast Asia might be originated from
extensional setting resulted from India-
Eurasia collision (Barr and Charusiri, 2011;
Vuetal., 2023).

Based on the conducted petrographic
study, it was determined that the Cenozoic
volcanic rocks in the study area are
predominantly composed of basaltic and
rhyolitic rocks. These characteristics of these
volcanic rocks are commonly observed in
extensional-related settings, such as the
volcanism of the High Lava Plains and
Northwestern Basin and Range in Oregon
(Ford et al., 2013), as well as in locations like
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Iceland, characterized by significant basalt
and rhyolite formations (Zellmer et al., 2008).
The Ethiopian Rift also exhibits volcanic
activity  featuring basalt and rhyolite
compositions (Mohr and Gouin, 1976). In
addition, trachytic texture widely found in
basalt in the study area, which it indicates
basaltic lava flow (Smith, 2002), can be
commonly found in extensional setting (Camp
et al., 2003; Hooper et al., 2010).

6. Conclusion

The Cenozoic volcanic rocks found in
the Lop Buri area comprise basalt, basaltic
tuff, and rhyolite. Both basalt and basaltic tuff
are primarily composed of plagioclase,
clinopyroxene, olivine, and opaque minerals
classified as titanohematite and
titanomagnetite. The rhyolite, on the other
hand, mainly consists of quartz, K-feldspar,
plagioclase, biotite, and opaque minerals as
titanomagnetite. The titanomagnetite present
in all volcanic rocks indicates the primary
igneous magnetite. Mineral chemistry
analysis of magnetite suggests that the basalt
was crystallized at the highest temperature,
approximately 758 — 981 °C, compared to
basaltic tuff and rhyolite which crystallized at
672 — 880 °C and 559 — 738 °C, respectively.
The combination studies well support the
suggestion that the Cenozoic volcanic rocks in
Thailand and Southeast Asia might be
originated from the extensional setting.
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