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Chapter 1 Introduction

1.1 Introduction
1.2 Objectives

1.3 Scope of the research



1.1 Introduction

Changwat Phetchabun has a complex geology caused by the various phases of
tectonic activities through the times. The mountain ranges of the Khorat Plateau lie
northwardly on the east of the Phetchabun basin that located between Phetchabun
mountain ranges. Phetchabun basin is one of Tertiary inter-mountane basin on Loei-
Phetchabun Fold and Thrust belt on the Indochina Block (Searle & Morley, 2011).

The origin of the Tertiary basin in Thailand was believed to be pull-apart by the
intersection of three major strike-slip faults, oriented in NE-SW, NW-SE and N-S
trending. The evidences were proved by satellite image interpretation, airborne
geophysical data and seismic data, but their sense of movements still in researching
(Charusiri & Pum-im, 2009). Otherwise, some basins are thought to be a rift basin,
Suphan Buri, Ayutthaya, Phitsanulok and including Phetchabun basins, because they
appear to be a predominantly extensional basin (Morley, Searle, et al., 2011). From all
above, the study of structural variation of outcrop nearby Phetchabun Basins may

improve the understanding of the tectonic evolution during the age of Cenozoic.

The study area was defined to the edge of the Phetchabun Basin along highway 12,
Khao Kho — Lom Sak (km 327+750 to 347), (Fig 1.1 & 1.2) which pass through the
western Phetchabun mountain ranges. Recent road construction exposed magnificent
E-W road-cut sections while the structures mainly are N-S trending. In addition, this
work can enhance the geological map Phetchabun in part of structures. Because of
the currently geological map that published by DMR in 2009 demonstrates the

distribution of the Khorat Group with poor structures.

Thus, the objective of research are to determine the structural variation in the study
area to interpret the geological map reasonably and create the structural evolutionary

model of the western margin of Phetchabun Basin.

1.2 Objectives
1) To create geological map along Highway 12 (km 327+750 to 347) Khao Ko —
Lom Sak, Phetchabun
2) To construct structural model and understand its implication for regional

tectonic evolution



1.3 Scope of the research

This research focus on the structures of the rocks by observing 4 main outcrops along
highway 12 (km 327+750 to 347) Khao Ko - Lom Sak, Phetchabun. The
lithostratigraphies have been made to classify the lithology of rock and correlation.

Otherwise, the age-dating and biostratigraphy are not applied in this field.



Figure 1.1 Digital Elevation Map (DEM) of western margin of Phetchabun Basin with study
area along highway 12 (km 327+750 to 347).



Figure 1.2 Hillshade map of western margin of Phetchabun Basin with study area along
highway 12 (km 327+750 to 347).



Chapter 2 Geological background

2.1 Tectonic setting
2.2 Geology of the study area

2.3 Tectonic related structures



2.1 Tectonic setting

Thailand is composed of two major sub-continents, the Indochina and Sibumasu
Terranes, which collided during the Indosinian Orogeny after the subduction of the
Paleo-Tethys Ocean during the Devonian-Triassic (Sone & Metcalfe, 2008). Two
suture zones along the collision area have been recognized parallel on N-S trending,
indicator of former plate margins (Fig 2.1). In Late Triassic, the continent-continent
collision of Sibumasu Terrane and Sukhothai Arc of the western Indochina Terrane
formed a major mountain range on N-S trending, known as Indosinian Orogeny |, was

built and is associated with what is known as the Main Range (Fig 2.1).

The Palaeo-Tethys started spreading during the Middle Devonian (Fig 2.2). Then the
Palaeo-Tethys subducted under Indochina likely started in the Late Carboniferous or
Early Permian and formed a magmatic arc along the Indochina Terrane’s margin called
Sukhothai island-arc. The back-arc basins were still opening during the Early Permian.
Atop the western Indochina Terrane, an extensive system of carbonate platforms,
including the Saraburi limestone in Thailand, developed in the back-arc basin during
the Early to Middle Permian. These carbonate platforms were uplifted in the Late
Permian, which was the main phase of back-arc compression. The Sukhothai island-
arc was consequently amalgamated to become part of the Indochina margin. The
Palaeo-Tethys seafloor continuously subducted beneath the Sukhothai Arc so that
seamounts carrying Carboniferous - Permian limestone caps accumulated over the
subduction zone during the Early - Middle Triassic. After that, orogenic plutonism
occurred in the western Indochina Terrane. During the Late Triassic, the Sibumasu
Terrane collided with the Sukhothai Arc of the western Indochina Terrane built a major
mountain range (Indosinian Orogeny). In the latest of the Triassic, the Sukhothai Arc

magmatism inactive by the last of Palaeo-Tethys subduction (Sone & Metcalfe, 2008).

A series of Late Triassic half-graben basins developed across NE Thailand and were
filed with lacustrine - fluvial sediments formed Huai Hin Lat Formation. Then the
Indosinian 1l Orogeny occurred after deposition of the Huai Hin Lat Formation and
created regional unconformity at the bottom of Triassic Nam Phong Formation. The
Indosinian Il unconformity followed the end of Triassic is indicated between the Lower
and Upper Nam Phong formations (Racey, 2009). The Upper Nam Phong Formation

is the lowermost formation of the Khorat Group, which comprises mostly fluvial - alluvial



sediments included the Phu Kradung, Phra Wihan, Sao Khua, Phu Phan and Khok
Kruat formations. The Khorat Group is dated as Late Jurassic to Cretaceous. Maha
Sarakham and Phu Tok Formation were separated from the Khorat Group by a
regional unconformity created by the Mid - Cretaceous inversion. This inversion drove
the development of the Phu Phan Uplift in the NE Thailand (Racey, 2009).

During the Eocene to Neogene, the Himalayan Orogeny ,which is a collision between
India and Eurasia, caused extensional dextral movement and also resulted in regional
uplift and the inversion of the Khorat Plateau, NE Thailand. The dextral strike-slip
motion may rotated clockwisely Khorat Plateau. Thus, Khorat Basin’s position may not
reflect its original relative geographical location (Racey 2009). Although, the sinistral
movement of strike-slip fault such as Mae Ping and Three Pagodas strike-slip faults
was proved. Strike-slip faults possibly formed a transpressional system during the
Palaeogene, composed predominantly of north-south to NW-SE trending faults that

were unrelated to escape tectonics (Morley et al., 2011)

In the Late Oligocene-Early Miocene, the major structural trends are north-south to
NW-SE trending strike-slip faults that dominated by dextral strike-slip. These strike-slip
fault resulted a basin that was believe to be pull-apart basin in the West which were
formed at the north-south trending releasing bends (Morley et al., 2011). Then the
principal horizontal stresses rotated clockwisely during the Oligocene and Early
Miocene and resulted in a strike-slip deformation becoming significant. During the late
Miocene and the present, the tectonic setting in Thailand changed from being

dominated by extension to reactivation of strike-slip faults. (Morley et al., 2011).



(8002 “"[e 18 Iwlweyy pue 0L0Z “[e 18 YoegpidH 800z ‘18juad yoseassy uewls Z49 €10z ‘ejedeiN
WoJl PalIPoO) "pPUBlEpUNS BISY JS PUBJUIBW JO UOISIAIPGNS 21U0108) Yiim AeiaAao a1ejd Jo suonow 21uojos) pue eisy 3S Jo Aydelbodo] L'z @inbi4



Figure 2.2 Tectonic evolution of Mainland SE-Asia during the Late Paleozoic-Cenozoic.
(Modified from Prueksarat, 2011 after Sone & Metcalfe, 2008 and Intasopa, 1993).
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2.2 Geology of the study area

The Phetchabun Basin is one of 30 significant Tertiary basins identified in Thailand
(Remus et al., 1993). It formed as elongated half grabens on N-S trending and is filled
with alluvial, fluvial and lacustrine sediment of Late Oligocene to Holocene age
(Polachan et al., 1991). The tertiary basins are discussed on the origin that associated
with conjugation of right lateral movement on the NW-SE trending Mae Ping and Three
Pagodas faults and left lateral movement along a NNE-SSW trending (Polachan &
Sattayarak, 1989).

Phetchabun Basin comprises five grabens located within a narrow, elongate (30 km
by 120 km) intermontane rift (Fig 2.3). By the data of seismic interpretation, the
grabens are bounded by steep normal and listric faults. NE-SW strike-slip fault may
separate the graben. Internally, the extensional faulting are commonly shown with

wrench faulted features. (Remus et al., 1993)

Geological map from Department of Mineral Resources defines the rocks in the study
area into 2 main formations (Khaowiset & Chanfoo, 2009) (Fig 2.3). Huai Hin Lat
Formation (TRhI) most exposes eastwardly of the area. The age of deposition is Late
Triassic, during Carnian-Norian, by the dating of its plant remnant (Konno & Asama,
1973), Pollen and spores (Haile, 1973) and also vertebrate faunas. The fossils such
as fish fragment, turtle, amphibian and reptile support the interpretation of depositional
environment that Huai Hin Lat Formation has been deposited in fault-bounded basin

in slightly humid to semiarid conditions or Fluvial-lacustrine (Chaodumrong, 2013)

Huai Hin Lat Formation composes of 5 members as following from top to bottom
(Chonglakmani & Sattayarak, 1978);

Mo Member: grey sandstone, shale and limestone associated intermediate
volcanic rocks

Phu Hi Member: grey sandstone, shale and argilleceous limestone
intercalations with conglomerate bed

Dat Fa Member: grey to black caboneceous, calcareous well bedded shale
and argilleceous limestone

Sam Khaen Conglomerate Member: Comglomerate intercalation with fine
sediment

Pho Hai member: mainly tuff, agglomerate, rhyolite and andesite with some

intercalations of sandstone mudstone and conglomerate.
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Figure 2.3 Geological map by Department of Mineral Resources (Chonglakmani & Satayarak,
1979; Khaowiset & Chanfoo,2009) along highway 12 in study area in different version were

improved during the time.

12



Nam Phong Formation is widely accepted as the lower unit of the Khorat Group,
which overlies unconformably The Late Traissic Huai Hin Lat Formation. It contains of
resistant red-brown micaceous sandstones, conglomerate, siltstone and mudstones of
mainly fluvial depositional environment (Chaodumrong, 2013). By the seismic
interpretation, the Nam Phong Formation can be divided into two units; the Lower Nam
Phong and the Upper Nam Phong Member (Booth & Sattayarak, 2011). The
distribution of the Nam Phong Formation indicates the beginning of a different tectonic
setting. This caused the great variety of depositional environments; debris flow, alluvial
fans, braided, meander, oxbow lake and mud flat. The limestone clast in conglomerate
weathered from Permian limestone below. Erosion of Permian limestone, most
probably in the Loei-Phetchabun fold and thrust belt. In the same way, the Geological
Map from DMR recently shows no exposure of the Nam Phong Formation in the study

area (Heggemann & Landesamt, 1994).

Phu Kradung Formation predominantly presents maroon siltstone, claystone and
sandstone with greenish-grey calcareous conglomerate (Chaodumrong, 2013). Bone
fragments and teeth were found and dated the age to Middle to Upper Jurassic. Ward
and Bunnag (1964) described the Phu Kradung Formation at its type locality as
comprising of the lower beds of calcareous siltstone intercalated with 1-5 cm thick beds
of limestone and the upper beds comprising of grayish brown siltstone. The upper beds
underlie white massive sandstone of the Phra Wihan Formation. The formation
consists of reddish purple siltstone, mudstone, sandstone, and conglomerate. Calcrete
nodules, caliches and nodular silcretes are found on top of mudstone. Beds of light

gray sandstone with 5-10 m thick are locally intercalated.

The rocks show fluvial depositional environment (especially meandering river) by fining
upward sequences from the bottom of conglomerate and channel sandstone to
crevasse-splay facies and floodplain at the top (Fig 2.4). The formation in northern
Khorat Plateau expose comformably to the Upper Nam Phong Formation at the lowest
unit of the Khorat Group while The Phu Kradueng Formation overlay on the Permian

rocks unconformably on the southern Khorat Plateau.

13



Figure 2.4 Modified stratigraphic column of Mesozoic of central Thailand with the main tectonic
events and depositional environments. (modified from thesis of Prueksarat in 2011) (after
Hinthong, 1985; Racey, 2009; Booth & Sattayarak, 2011)

14



2.3 Tectonic related structures

On a regional scale, tectonic stress related to plate movements and plate tectonics as
illustrated in figure 2.5. Anderson’s classification of tectonic stress is the traditional
classification of tectonic stress regimes into normal, thrust and strike-slip regimes (Fig
2.6). Therefore, the tectonic process at plate margins are thought to have a significant
influence on the regional stress pattern. Structures are the result of stress deforms
rocks in different ways depend on many conditions. Geologist classifies structures into

2 main types
2.3.1 Fold

The formation deforms under ductile condition of the rocks (under the failure envelope
of Mohr-Culomb diagram) caused a vary kind of bending. In general, folds are made
up on a hinge that connects two limbs which mostly differently oriented (Fig 2.7).
Classification of folds relative to hinge curvature, folds can be separated to kink bands
and chevron folds with sharp and angular folds or well-rounded hinges of concentric
folds. A spectrum of hinge shapes exists, from the pointed hinges of kink bands and
chevron folds (sharp and angular folds) to the well-rounded hinges of concentric folds
(Fig 2.7).

2.3.2 Fracture

Once the differential stress in an unfractured rock exceeds a certain limit to the brittle
regime as strain-time curve, however, the rock will deform by fracturing once its rupture

strength is reached. It can be classified into 2 types upon different criteria.

e Experimental classification (Stearns & Friedman, 1972) (Fig 2.8b)
Shear fractures
The shear fracture or slip surface is a fracture along which the relative movement is
parallel to the fracture. The term shear fracture is used for fractures with small (mm- to
dm-scale) displacements, while the term fault is more commonly restricted to

discontinuities with larger offset.

Extensional fractures
Extensional fracture are fractures that show extension perpendicular to the walls.
Joints have little or no macroscale detectable displacement, but close examination
reveals that most joints have a minute extensional displacement across the joint

surfaces, and therefore they are classified as true extension fractures. Extension

15



Figure 2.5 Plate tectonics (blue arrows) relates to forces and stress regimes expected from

these forces. (Fossen, 2010)

Figure 2.6 Relationship between the orientation of the principle stress and tectonic regimes
according to Anderson (1951). Stereonets show fields of compression (P) and tension (T) of

normal-fault, strike-slip and thrust-fault regime (Fossen, 2010).

16



Figure 2.7 Classification of folds relative to hinge curvature a) kink band b) chevron folds c)

concentric folds d) box fold. (below) Geometric aspect of fold. (Fossen, 2010).

17
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fractures are filled with gas, fluids, magma or minerals. When filled with air or fluid we
use the term fissure. Mineral-filled extension fractures are called veins, while magma-
filled fractures are classified as dikes. Joints, veins and fissures all refer to extension
fractures.

® Modes of fracture classification

In the field of fracture mechanics, it is common to classify the displacement field of

fractures or cracks into three different modes (Fig 2.8c).
Mode I: opening (extension)

Mode | is the mode where displacement is perpendicular to the walls of the

crack.
Mode II: sliding
Mode Il represents slip (shear) perpendicular to the edge
Mode liI: tearing

Mode Il involves slip parallel to the edge of the crack. Modes Il and Il occur along
different parts of the same shear fracture. Combinations of shear (Mode Il or Ill)

fractures and tension (Mode |) fractures are called hybrid cracks or fractures.
Mode IV: closing

Mode IV is sometimes used for contractional features such as stylolites. The mode of
displacement on fractures is an important parameter, for instance, when fluid flow

through rocks is an issue.

19



Chapter 3 Methodology

3.1 Overview

3.2 Field study

3.3 Laboratory analysis
3.4 Discussion

3.6 Conclusion
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The research methodology can be divided into 5 main parts: pre-field study,

field study, laboratory analysis, discussion and conclusion (Fig 3.1).

3.1 Overview

Previous reports were reviewed particularly in Structural Geology, Tectonics and
Stratigraphy of Khorat Group. Moreover, the program and the method which necessary
in this field were praticed and tested. For examples Agisoft PhotoScan, Stereonet, Win-

tensor, ArcMap and illustrator.

Remote sensing was applied to observe geomorphology by using Landsat 8 satellite
images and Digital Elevation Model (DEM) (Fig 3.2a). The images were composed into
2 band composition which are false color (7 6 4) and Land-water (5 6 4) (Fig 3.2b,c) to

classify the object distinctively.

3.2 Field study

Four road-cut outcrops were mapped and geological information documented by
taking photo, sketching structures, taking structural related orientation measurements

and collecting samples at representative stations for laboratory analysis.

The photos were taken perpendicular to outcrop every two meters to create Digital
Outcrop Model (DOM) through software. Any important spots were recorded the

coordination, elevation and thickness as a marker.

At individual measurement stations, the following geological information was recorded;
rock type, lithology, sedimentary structures, bedding and fracture style, fault plane with
slicken line orientation, sense of movement, joint, vein, fold, were measured and
detailed fracture data ware noted. These measurements were used to determine the

deformation and Paleo-stresses.
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Figure 3.1 Research’s work flow.
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*  Outcrop images

Thin section
Stratigraphic correlation

Structural plots
Digital Outcrop Model (DOM)
Paleo-stress analysis

* Geological map
*  Structural model
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a) Point cloud

b) Meshing

c) Textured surface

Figure 3.2 Digital Outcrop Model (DOM) is a 3D surface of outcrop created by using
perpendicular-shots of outcrop that have same points between attached pictures. a) Point
cloud from the same point the different pictures b) Photoscan user interface outcrop after

meshing. ¢) 3D surface overlay by texture is an output of the technique.

23



"'S19H24Y ybnouyy uonejaudisyul Abojoydiowosn
JO ssausAndaye 8y} sasealoul ($9G) pueq uonelsedas Jajem-pueT] (0 pue ($9/) J0jod osie) se pasodwod ale g jespuer] woly sabew ay@1esS (q

Jaddepy |eqojo Buisn Aq ajeunooe aiow sainjong)s [euolbal jo uonelaidiaiul ayy sdiay (INIA) 19p0N uoneas|3 [eybiq (e sjoo) buisuas ajoway ¢°¢ ainbi4

24



"saJnjoel) Jeays 1o saunjoed) uado ‘saueld jne) se yons ainjonas ayy ybnouayy ssans

-09[ed 9y} 9)e|N2|ed ued Josual-UIp (g  uonejaidiaul aAnduosap 1oy jednjonas jo punf Aue joid ueo jouoaia)lg (e swelboud sisAjeue [einonng ¢ ainbi4

o vEL | v WUNUD WEN| 48 | WE [ BYS | BLL | 9L |LEL Ul |svenu| oL UL ue|s | L PEEYY| ¥ 60U |6
ELE 13 WUNUDWeN| D |§'€SZ| Lk | €06 | 606 | 2 D [890/85) 01 oL 0Z|s| rL EEMSL| ¥ 8008
AD 80E | 90 vunupwen|rn jo6vz| 9vL | 6G8 | 148 | 26 rn_[evoue| o oL oz[s| rL 8zLwe| ¥ L00[2 Am
¥90 | €L WUNUD WEN[ 48 | 225 [€LE | 6L | LVE [9F9 SN [9gLzr| 01 [ oz[s| rL VR ¥ 900]9
050 80 Yunyd wen BEL|Z6L | V¥ | LB [LLL H [S9kEL| 0L oL 0Z|s| rL 0ETiEe| ¥ G005
0s0 | 80 ¥ Unug Wen S6 | vl | ze | L9l 68 rH_[ssuea| ot 0L oz[s| rL ez | ¥ ¥00]v
S0 | 1L vunuo wen| 48 [¥Zz [ 8€2 | ¥9 | 9¥2 | L ON [2szi8L] 0L oL oz[s| rL GzzieL| ¥ €00[¢
880 9€ YUNUD WEN| J¥ |FZZZ| B4E | L'4G | 589 [SEE SN |90zEE| O )3 0Z|s| rL B9TWS| ¥ 200z
70 | 20 ¥ UnuQ Wen 80L [ G2 | vE | 841 [68L rH_[6kz8f OF [ oz[s| L LzEes| ¥ 100[1
ewns| weyvi| pun| weya|puia| wevd| purd 2dfL| cd |bewl |BewniSia| ud| eudly|esusg| Jeeus [bupuop[dwl | nduf| g | py | |10[esuss| eur| eueid|ediL PI| N
vid dey Saxe Jnewaury k] [ssans pasjosay] synsay uonesiwndg Xapu] 1asqng ejep dijs-yney pajidwo) Pl ®lEQ
wunyg we :Log| Buy  OT oupwy Swyssang [ ewinEmEn
- - - - - |k 5w voaeoy do] SBIUIENEIUN F ABR PUBIS < >

" cv-  06- .
i ‘ o e s [ wN xsEz 2! P q.mm
] | s gty 1 o Fpea 31
3 v z8 % [ _ sgeducsuoy b7 | ajqiedwog ot mags ovmoy el
N paly _ | 5
_-! srle|-0 80T g4 5) syuol uorsua | G [
st S || [Temmmao] - . (LLL/0) 019 @01 g [A]-
i | Ly [= el

uoneziwndQ Josus ] g uoneiedas Breg
09
siuvomun| |l o]z  _al so sof g
s a b a mud WD WS uad  wsMYD mlg M]D U
et g = ¥erisd ve0 Y 83 [W1a GE0E[>@w LE0LF Z¥2L | g4
¥ SZT/F0 Hmb@ aoer QW &b [>xeW GELF 8Ll | o
gET/ZE qu E£FL | T _GEL [wewqs oM |awbay ssang
zze/8s 10 (@) a0 |74 I v #6804

snEn Goen)  [4 » oo | b
£ ST 0T ST 0T S0 00 6
; Lo H T v vED | Y -
£
am = |m_ : 4 mmmwwm ° (2¢0) avpodyy g O]
00 £23 _ofj4 v EELEE]ze uosweayy ) desang z [
6VT/8E U wis o[« » ZZE/EG| 1o
sl <=||| 2 2Pon WM N . By [8)afue uoeioy uaIQ sy
" ‘wndg -
51 5 ||| s2mon 1p1ps Sd 0 o “Ez Peo] Josua| ssang A TERIRE
dauzpua | vonenq _| R AM[E gy 2 [pes BE | eeg e
sanin] fgeis duspua) dis | 10su8 | SSANg J0 uDyRILNAQ [RUOTRITY
B - = P L - =1 = 1 = = [unydg ) uoynps uann)
| suonetoy | ‘010 auoR kz,,ﬁﬂm_ wRdG Y upauid "y |sexe 1@ T | sonsnerS | beiq esol | jeloasms | jeaus T eeq
1abeUep uonnos
X § = ¥eN snopnely PRy snwndg dpH mopupy  salydeln  sjoo] eleg mRIA WPT 3| [~

_ ([P Ty 3uof] - 33ustiog Buissaao1g] - £'g°G £ uoIsiA Josus| Ui £

ST TEYRITITVY

}2U03l18)g

25



3.3 Laboratory analysis

All field data were analysed into two parts as follows; structural analysis and lithology.
3.2.1 Structural analysis

- All measured field data, mostly fracture and fault geometries, were
plotted in stereonets and Wintensor was used for paleo-stress analysis of fault/fracture
kinematic data (Fig 3.4).

- Photos were imported to Agisoft PhotoScan and placed the markers
before building dense cloud and mesh. Then export 3D surface to MOVE 2016 to

analysis the fault plane, fault displacement, joint and fracture.
3.2.2 Lithology

Representative rock samples were chosen for thin sectioning to classify

the type and formation of rocks.

3.4 Discussion
3.4.1 Geological map

Detailed geological map along Highway 12 (km 327+750 to 347) Khao Ko — Lom Sak
prefer the distribution of rock and particular structures that relate to regional tectonic

of western Phetchabun Basin
3.4.2 Structural Model

Block diagram or 4D (3D+time) models that derive by the structural analysis,
stratigraphy correlation and tectonic interpretation explains the structural evolution

through time of the western margin of Phetchabun Basin

3.5 Conclusion

Summary of tectonic evolution related to the structural style of the western margin of

Phetchabun Basin. Furthermore, the concept can be applied in futher research.
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Chapter 4 Results

4.1 Lithology
4.2 Structural Geology
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From the field investigation, the study area can be defined the lithology and structures
through outcrops as the road map in figure 4.1. There are 4 outcrops were studied the

detail as follows from the east to the west;

Outcrop I: Nam Chun (Fig 4.2) located in the most eastern part of the study
area. It can be found various types of sedimentary rocks with low existing structures

such as faults or folds.

Outcrop Il: Kheam Son Clift (Fig 4.3) located in the center of the study area.
The highlights of this outcrop are strike-slip faults and listic faults with some reverse

faults.

Outcrop lll: Pha Sorn Kaew (Fig 4.4) is next to Kheam Son Clift to the west
about 100 meters. The vertical fractures mainly expose along the outcrops. Although,

the rock’s variety is not high.

Outcrop IV: Kheam Son Road (Fig 4.5) is in the westernmost of the road. It
has important structures such as steep reverse faults, shear joints and overturned
strata which be observed by sedimentary structures (ripple marks, desiccated cracks

and bioturbation molds).

The details of each outcrop can explain as follows;

4.1 Lithology

The rocks in study area dominate in bedded sedimentary rocks of sandstone, siltstone,
claystone, shale, conglomerate and some of the volcanic clastic rock of agglomerate
in the central part of the road. The lithostratigraphic columns of the outcrop are created

as illustrate in figures 4.2-4.5.
4.1.1 Sandstone

From east to west, there are different characteristics of sandstone in outcrops.

- Greenish grey sandstone can only be found in outcrop I: Nam Chun
as thick beds interbedded with thin yellowish shale on the most eastern
part of outcrop. its thickness is approximately 3 to 150 cm. The normal
grading of fine to very coarse sand (Fig 4.2b), which shows in many
beds, confirms non-overturned strata. Thin-sections (Fig 4.2a) show the

low-maturity mineral grains, olivine, plagioclase and mica etc.
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Figure 4.5 The structural sketch, lithological profile, zoom photos and structural plots of outcrop IV: Kheam Son Road.
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Maroon sandstone or micaceous sandstone mostly found in outcrop
II: Kheam Son Clift and some in Outcrop IV: Kheam Son Road. The
thick mica-rich sandstone bed lies conformably with maroon claystone,
shale and mudstone (Fig 4.3). Its grai-size is medium to very-coarse
sands.

White sandstone only found in outcrop IV: Kheam Son Road with
cross-bedding.

Reddish sandstone mainly shows in outcrop IV: Kheam Son Road that

interbedded with reddish mudstone and siltstone.
4.1.2 Mudrocks

Carbonaceous shale or black shale exposed in only Outcrop I: Nam
Chun (Fig 4.2¢). It has 100 to 230 cm thick beds conform intercalation
with yellowish claystone.

Maroon shale (Fig 4.5g) usually associates with bedded sandstone as
interbedded in outcrop IV: Kheam Son Road. By the way, thick shale
(about 13 meters) shows in the middle of that section.

Yellowish to brownish mudstone is commonly found in outcrop I:
Nam Chun with shale. It is mostly combined with argillaceous cement.
Yellowish claystone (Fig 4.2c) attached to carbonaceous shale in
outcrop I: Nam Chun

Maroon siltstone to mudstone dominate in outcrop Il: Kheam Son

Clift as thick beds interbeded with maroon sandstone.

4.1.3 Volcanic clastic

- Agglomerate (Fig 4.4a,b) can be found in outcrop Ill: Pha Sorn Kaew
and between outcrop | and Il. It can identify by poorly sorted of a clast
of granite, andesite, basalt and diorite with low to high sphericity and

angular to rounded roundness. The matrix is also rhyolitic tuff.
4.1.4 Conglomerate

Rhyolitic conglomerate looks similar to agglomerate but the clast are
more rounded and has high sphericity. The matrix is rhyolitic sandstone.
Metrix support conglomerate is only found in outcrop I: Nam Chun.

The outcrop is very highly weathered.
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4.2 Structural geology
4.2.1 Bedding plane

The road map in figure 4.1 also shows the bedding plane all the way of highway 12.
Mostly, the strikes of bed are on NNW-SSE trending. To the east in outcrop |, beds dip
to north Phetchabun sub-basin in the east (Fig 4.2). Outcrop Il shows the complexity
of bedding plane but the strike still in the trend of NW-SE to NE-SW with a variation of
dip direction and dip angle. Outcrop Il has no bedding plane (Fig 4.4) due to the origin
of agglomerate that hardly form depositional horizon. Outcrop IV has conformed dip
direction in ENE-WSW trending with 60-45 degrees of dip angle.

4.2.2 Way-up structures

In Outcrop IV: Kheam Son Road, sedimentary structures that define top-bottom were
discovered. Firstly, ripple marks on sandstone which is a harder sediment than
mudstone beneath it (Fig 4.5a). Secondly, the bioturbation or trace fossils on bedded
sandstones (Fig 4.5b). Thirdly, the desiccated crack in top sandstone that beneath

mudstone (Fig 4.5c). Lastly, the cross-bedding in white sandstone (Fig 4.5d).
4.2.3 Fractures

The characteristic of fractures is shown differently in different outcrops. Because of
each outcrops located away from other and the local stress may change dramatically
in different places, the fractures cannot be group out of the outcrop. Thus fractures can

be grouped as follows;
e Open fractures

Outcrop I: Nam Chun has shown well development of open fracture in greenish
grey sandstone, conglomerate, siltstone and mudstone as in figure 4.2d. There are
two main directions on NNW-SSE and NE-SW trending and they usually relate to

bedding as bed perpendicular fractures. Some fractures filled with calcite.

Outcrop Il: Kheam Son Clift can plots open fracture as figure 4.3d to describe 3
main directions on NW-SE, ENE-WSW and N-S trending. These fractures mostly
develop perpendicular in micaceous sandstone beds, but in mudrock can be found

as well.

Outcrop Ill: Pha Sorn Kaew and Outcrop IV: Kheam Son Road rarely found open

fractures.
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e Shear fractures

Outcrop lll: Pha Sorn Kaew is the great example of shear fracture development as
vertical fractures. These fracture planes clearly show shear surface or slicken side
in NW-SE trending with slicken line on 322/11 NW (strike-slip movement but cannot

identified the direction) (Fig 4.4c). Some fractures also filled up with calcite vein.

Outcrop IV: Kheam Son Road (Fig 4.5f & i) represents shear fractures in outcrop.
They are 2 domains of fractures which classified by strikes and sense of
movement. First, the NE-SW trending fractures with 218/43 of slicken line shows
right-lateral movement. Second, the NW-SE trending fractures with 238/56 SW of
slicken line responsible for reverse movement. The offset of reverse shear
fractures vary from 2 to 40 cm. These fractures can be found significantly in

sandstone beds.
4.2.4 Faults

The evidence of faults be observed via field investigation (fault plane, fault offset,
slickenline etc.) and interpretation of DOM. This study describes faults by its scale and

sense of movement as follows;
e Reverse fault

A high angle thrust faults are dominating structures all over 20 kilometers on the
road. It can be observed as a gental offset in eastern outcrop such as outcrop I:
Nam Chun (Fig 4.2). The offset is about 20-80 cm. The displacement are observed
to increase gradually to the western outcrop as Outcrop Il. It is found both thrust
(low angle) (Fig 4.3a) and reverse faults that associated with right-lateral strike-slip

faults. These reverse faults mainly have NW-SE striking (Fig 4.3b).

Outcrop IV: Kheam Son Road’s structures are dominated by reverse fault as
sketched in figure 4.5¢. its plane plotted main strike is in N-S trending, for example
347/69 NE strikes with 137/58 of slicken line. These faults can not estimate the
displacement because of no offsets were defined. By the effect of reverse faults,

this outcrop cannot study a lithostratigraphic column.
e Strike-slip faults

Literally, strike-slip faults in the study area are not pure strike-slip, but also has

vertical offset or oblique, even though the strike-slip seems more dominate than
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dip-slip. All of strike-slip faults are right-lateral movement (dextral) from the slicken
side proved. Ortherwise, these faults does not spread wildly to the east of the study

area, but only found in central to west of the framework.

Outcrop Il: Kheam Son Clift has many right-lateral strike-slip faults on the east of
outcrop. It can be plotted in rose diagram as figure 4.3c. The average trending of
strike is on the NE-SW that come up with sub-horizontal slicken line, for example
220/90 NW fault plane with 220/3 SW slicken line.

Outcrop IV: Kheam Son Road has no obvious evidences of strike-slip fault, but only

found shear fractures of right-lateral movement.
¢ Normal faults

Normal fault plane in the study area is only found in Outcrop Il: Kheam Son Clift
and can interpret through the DOM (Fig 4.3). The biggest listic fault has 325/39
NE of fault plane with approximately 2.4 meters of offset that cut through thick
micaceous sandstone beds interbedded with maroon mudrocks. In the same way,

other normal fault has the same orientation on NW-SE trending.
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Chapter 5 Discussion

5.1 Detailed geological map
5.2 Structural evolutionary model

5.3 Digital Outcrop Model for Geotourism
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5.1 Detailed geological map
The detailed geological map along highway 12, Amphoe Lom Sak, Changwat

Phetchabun with cross-section (Fig 5.1). is the result of the discussion on stratigraphic
correlation and structural interpretation below that complied with the geological map of
Phetchabun province by DMR (2009).

5.1.1 Stratigraphic correlation

The litholoqy of outcrop can correlate to 3 main formations of the Khorat Group, which
are Huai Hin Lat ,Nam Phong and Phu Kradung Formation (Fig 5.2). The distribution
of Huai Hin Lat Formation rocks is on the central to the eastern part of study area
included Outcrop I: Nam Chun and Outcrop lll: Pha Sorn Kaew. However, there are
only 3 of 5 members (Chonglakmani and Sattayarak, 1978) exposed along the highway

as follows;

I Mo Member are the top members that describe as grey sandstone,
carbonaceous shale and some limestone. Therefore, Outcrop |I: Nam Chun that
directly has the same lithology may by the | Mo member

Sam Khaen Conglomerate Member represent by the rocks between Outcrop
I and Il that mainly a rhyolitic conglomerate intercalation with fine sediment.
Pho Hai member represents by Outcrop lll: Pha Sorn Kaew that only seen

agglomerate and rhyolitic tuff with many volcanic clasts.

Unfortunately, two members do not exit in the study area which are Phu Hi member
and Dat Fa Member. They are associated to limestone that have never been found in
this field.

Nam Phong Formation is represented by Outcrop Il : Kheam Son Clift that contain of
red-brown micaceous sandstones, siltstone and mudstones of mainly fluvial
depositional environment (Chaodumrong, 2013). Nevertheless, this formation is not

wildly spread from the central area.

The Outcrop IV: Kheam Son Road can be grouped its lithology as Phu Kradung
Formation by maroon to brown siltstone, claystone mudstone similar to the geological
map of Phetchabun from DMR (2009).
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Figure 5.1 Detailed geological map along highway 12, Amphoe Lom Sak, Changwat Phetchabun that complied with geological map of phetchabun province from Khaowiset & Chanfoo (2009). The cross-section a-a’ is in E-W which shows

the structural setting of the western margin of Phetchabun Basin.
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Stratigraphy of Lower-Middle part of Khorat Group

1,000

meters

Sao Khua Fm.
Sandstone, conglomerate, siltstone and
claystone, red-brown

Cretaceous

Phra Wihan Fm. Sandstone, fine-medium grained,
conglomeratic sandstone, conglomerate,

white-grey.

Phu Kradung Fm.

Sandstone, medium-coarse, conglomerate,
siltstone and claystone, red-brown.

Jurassic o —

Outcrop IV: Kheam Son Road

Nam Phong Fm.

Sandstone, fine-medium grained, siltstone
and claystone, red-brown.

Outcrop II: Kheam Son Clift

- - — - — T T -~20m]|

Triassic

Outcrop I: Nam Chun

—_ — — . __ ~50m
Huai Hin Lat Fm. -
Sandstone, limestone conglomerate,
siltstone, claystone, grey to grey-brown,
dessication cracks.
Sandstone & - Siltstone Claystone,
Conglomerate Mudstone or Shale

Figure 5.2 The stratigraphic correlation between a lithostratigraphic column of outcrop study
and stratigraphy of Lower-Middle part of the Khorat Group (modified from Meesook &
Saengsrichan, 2010).
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5.1.2 Structural interpretation

From DEM lineament interpreting, there are 2 main structure trends nearby study area
(NW-SE and N-S) as sketched in figure 5.2. the NW-SE trend, which pass through
Outcrop IV: Kheam Son Road, is interpreted to be a strike-slip tectonic line by the
stream offset pattern (Fig 5.3). Moreover, field observation also supports the strike-slip
model as right-lateral movement by the dextral shear fractures and faults on N-S trend.
A number of reverse faults which dominate this outcrop can explain in this strike-slip
model. The steep reverse faults can occur with strike-slip fault in positive flower

structures.

The domain structures have changed significantly from the west to east. The right-
lateral strike-slip faults, shear fractures and steep reverse fault which supports strike-
slip model mostly shows to the west. The most-eastern of area dominated by no fault
structures but factures plot and bed geometries convinced them are caused by
extensional tectonic by normal faultd. In the same way, the interpreted N-S tectonic
line represents extensional line of normal fault (Remus et al., 1993) from seismic
interpretation may support the idea. While strike-slip tectonics may affect the west of
the study area more than the east that dominate by extensional tectonics, the central
part of study area also has both structural styles, listic faults, right-lateral strike-slip
faults, some of reverse and thrust fault and open fractures. It can explain by the
negative flower structures. Right-lateral strike-slip faults created transtensional region

that allows extensional structures developed.
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Figure 5.3 Lineament interpretation of the western margin of the Phetchabun basin shows 2
significant tectonic lines. Strike-slip fault trend on the west and normal fault tend on the east of

the study area.
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5.2 Structural evolutionary model

This work can create 3 stages of the structural evolutionary model of the western
margin of the Phetchabun Basin by the lithology, structural styles and geomorphology

interpretation.

Stage I: Early Triassic (E-W compression) (Fig 5.4a)

After Metcafe (2013), Permo-Triassic deformation deformed Permian carbonate rocks
on the western margin of Indochina block. This rock is the basement of Mesozoic
deposition further. The maximum stress is on E-W as compression built-up the
Phetchabun fold and thrust belt.

Stage II: Late Cretaceous — Late Eocene (N-S compression) (Fig 5.4b)

Huai Hin Lat Formation deposited in this area unconformable to Permian carbonate
rocks follow by Nam Phong Formation in the age of Triassic. After that Phu Kradung
Formation unconformably deposited above Nam Phong Formation in Jurassic and
other Khorat Group completely deposited in the Late Cretaceous (Chaodumrong,
2013). During Late Cretaceous — Late Eocene, the strike-slip tectonics active in the
area by the effect of Himalayan Orogeny (Racey, 2009) made-up right-lateral strike-
slip faults caused positive and negative flower structures that create the pop-up or

uplifting of the western margin of the Phetchabun Basin.

Stage lll: Oligocene — Present day (Fig 5.4c)

During this time, the tectonic zone of strike-slip are inactive in this area and the erosion

is more significant until the present.
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Figure 5.4 Structural evolutionary model of the western margin of Phetchabun Basin can be
divided into 3 stages. a) stage I: E-W compression during Early Triassic b) stage Il: N-S

compression during Late Cretaceous — Late Eocene and c) stage lll: Oligocene to present day.
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5.3 Digital Outcrop Model for Geotourism

The fact that DOM allows for interpretation and geological data acquisition of outcrop,
orientation of geological surfaces, width and thickness of layers. It is a remote sensing
techniques to gather the data from low accessible areas such as the cliff higher than 3
m behind the screen. Moreover, it is useful in many fields that usual method may not

be safe or there are a lot of data to collect in the short time.

Besides the realistic texture 3D model can record the accurate outcrops that once it is
fresh from the construction, etc. and well represent the geology in the area in digital.
This surface precisely describes the topography of outcrop when it is destroyed by

human-activities, erosion and weathering.

In addition, these models may are interpreted by geologist and exported as visual
simulation in the guide book for tourism who interested in the geology get more

appreciation of nature and the earth in term of Geotourism.
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Chapter 6 Conclusion
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Conclusion

e Geological map along highway 12 (km 327+750 to 347) Khao Ko - Lo, Sak,
Phetchabun composed of Huai Hin Lat Formation on to the east by 3 members
(Phu Hai member, Sam Khean Conglomerate and | Mo) which determined by
agglomerate, carbonaceous shale, greenish grey sandstone etc.

e The Nam Phong Formation is assumed to be upperpart of Huai Hin Lat
formation around the center of study area by the succussion of maroon
micaceous sandstone interbeded with maroon shale, mudstone and siltstone.

e Phu Kradung Formation (mainly red bed sandstone interbedded with shale)
only found in the most-west of study area and particularly shows overturned of
stratigraphy.

e The structures in study area are mainly interpreted to be right-lateral strike-slip
fault that caused positive and negative flower structures. This effect the
relocation of rocks as cross-section present.

e The evolution of western margin of Phetchabun basin can be divided into 3
stages as follow;

Stage I: Early Triassic (E-W compression): After Permo-Triassic deforma-
tion, the Permian carbonate rocks were deformed on the west of Indochina
block.

Stage |l: Late Cretaceous — Late Eocene (N-S compression): Khorat Group
completely deposited then strike-slip stress o right-lateral movement
caused positive and negative flower structures that create the pop-up or
uplifting pf western margin of Phetchabun Basin.

Stage lll: Oligocene — Present day: The tectonic zone of strike-slip are

inactive and move to extension of basin by N-S compression.
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Appendix

Table 1 Structural data from field investigation with location.

Outerop UTM X UTM Y Elevation Bedding Fault plane Fault slicken line
(m) strke  dip  stike  dip  trend  plunge

0725707 1856264 343 337 35 - - - -

=5 0725657 1856264 351.8 334 30 - - - -
é ‘E’ 0725655 1856260 3496 312 34 - - 93 24
o2 0725618 1856246 356.0 333 44 - - - -
0725595 1856233 356.6 333 27 - - - -

0720295 1855986 632.9 136 61 - - - -

0720140 1855962 660.5 174 39 - - - -

0720263 1855978 649.6 182 36 - - 240 20

. 0720254 1855976 652.2 - - 210 77 230 17
5 0720200 1855971 657.5 264 10 168 30 204 20
cfc’a 0720166 1855967 662.0 177 58 324 84 - -
s.Eg 0719829 1855904 671.9 51 42 - - - -
E 0719881 1855926 671.4 - - 325 39 - -
g 0719906 1855929 672.5 - - 255 90 255 0
§ 0719946 1855928 670.9 - - 220 90 220 3
0719968 1855931 674.7 - - 54 83 - -

0719996 1855936 673.2 - - 68 71 237 24

0720027 1855942 669.3 - - 138 61 - -

0720042 1855945 668.4 63 8 - - - -
proaorop I 0719460 1855487 724.8 - 145 26 322 1
0712793 1856420 766.1 331 62 - - - -

0712816 1856410 763.4 - - 183 59 255 57

0712818 1856408 765.5 346 58 - - - -

0712822 1856405 763.7 - - 347 69 137 58

S 0712849 1856405 760.8 - - 168 84 - -
§ 0712855 1856403 760.5 348 59 - - - -
f,é, 0712864 1856403 762.0 342 49 198 54 - -
g.Eg 0712888 1856395 757.7 343 51 217 67 - -
v 0712915 1856392 760.9 - - 175 83 273 81
(2% 0712945 1856384 754.7 327 51 197 80 - -
s 0712976 1856384 753.8 - - 176 70 - -
© 0712791 1856390 762.9 351 64 - - - -
0712813 1856385 767.2 342 63 - - - -

0712892 1856368 760.0 - - 344 60 - -

0712921 1856362 757.2 - - 20 86 - -

0712951 1856356 756.0 336 56 - - - -
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Table 2 Open fractures plane of Outcrop I: Nam Chun.

Strike  dip Strike  dip Strike dip Strike dip Strike dip Strike dip
137 83 204 54 337 74 146 85 38 84 333 88
178 54 315 90 137 76 168 90 43 75 132 43
135 79 142 77 232 63 124 40 244 66 142 82
140 84 320 89 157 79 214 65 245 90 162 38
140 82 137 88 239 84 127 90 252 68 242 62
154 77 145 47 149 88 198 49 232 56 141 83
292 51 318 89

Table 3 Open fractures of Outcrop Il: Kheam Son Clift.

Strike dip Strike  dip Strike  dip Strike  dip Strike  dip Strike  dip
307 81 258 78 258 51 150 81 323 87 130 52
304 85 339 14 135 49 137 83 324 70 247 55
314 85 300 80 254 47 144 78 254 82 247 54
130 85 316 63 263 51 134 76 28 43 246 55
132 90 129 82 33 51 215 79 321 86 136 76
138 88 131 84 37 39 336 26 136 79 134 80
123 86 126 85 259 44 94 88 150 81 136 77
126 89 305 86 256 50 155 57 124 82 137 81
102 69 203 77 17 57 129 54 103 78 254 49
101 56 191 54 7 69 136 63 319 86 257 51
108 72 214 80 138 62 55 38 115 47 235 61
296 84 194 90 132 71 136 82 266 50 43 40
297 86 346 13 145 67 168 89 260 59 46 32
280 53 345 12 129 59 176 30 17 51 144 74

4 22 2 13 145 71 124 87 12 52 12 45
322 34 154 50 142 69 193 81 250 58 240 59
336 26 140 53 147 78 252 45 157 76 251 64
254 68 341 43 1 55 3 65 255 78
Table 4 Shear fractures of Outcrop Ill: Pha Sorn Kaew.

Strike  dip Strike  dip Strike  dip Strike  dip Strike  dip Strike  dip
137 80 134 75 141 78 144 75 142 80 132 75
135 70 130 72 140 68
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Table 5 Open fractures of Outcrop Ill: Kheam Son Road.

Strike  dip Strike  dip Strike  dip Strike  dip Strike  dip Strike dip
323 19 340 56 216 44 239 54 208 68 221 87
322 13 332 51 235 37 227 79 195 69 208 34
340 22 42 82 209 51 170 56 201 82 224 47
331 19 36 82 208 55 212 89 209 78 207 60
321 19 217 73 211 46 163 56 210 56 230 15
314 17 188 62 248 31 115 61 204 20 178 25
213 57 209 78 254 16 95 84 196 70 173 16
219 34 223 31

Table 6 Shear fractures of Outcrop IV: Kheam Son Road.

Strike  dip Strike  dip Strike  dip Strike  dip Strike  dip Strike dip
276 37 174 61 235 46 313 24 287 42 209 64
290 52 178 63 191 77 203 52 188 67 206 64
272 32 185 71 190 80 227 65 190 66 202 89
295 29 349 79 194 76 232 80 185 74 208 64
290 26 4 72 297 65 207 65 180 75 251 17
332 22 186 83 315 65 214 79 186 73 214 79
339 26 164 43 230 79 204 78 193 80 151 52
324 24 196 56 250 56 266 52 203 48 212 78
318 26 205 55 200 69 268 46 207 55 289 5
317 14 193 74 192 68 178 38 206 38 200 62
299 22 174 80 207 63 223 78 7 67 218 61

54






	Cover
	Cover (English)
	Cover (Thai)
	Accepted
	Abstract (Thai)
	Abstract (English)
	Acknowledgements
	contents
	Chapter 1 Introduction
	1.1 Introduction
	1.2 Objectives
	1.3 Scope of the research

	Chapter 2 Geological background
	2.1 Tectonic setting
	2.2 Geology of the study area
	2.3 Tectonic related structures

	Chapter 3 Methodology
	3.1 Overview
	3.2 Field study
	3.3 Laboratory analysis
	3.4 Discussion
	3.5 Conclusion

	Chapter 4 Results
	4.1 Lithology
	4.2 Structural geology

	Chapter 5 Discussion
	5.1 Detailed geological map
	5.2 Structural evolutionary model
	5.3 Digital Outcrop Model for Geotourism

	Chapter 6 Conclusion
	References



