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Chapter 1 

Introduction 

1.1 Introduction 

Fracture which is one of the type of deformation formed when stress applied on the rock 

is more than the rock strength. Fracture orientation and type of fracture depend on the 

stress state. Therefore, fracture analysis can describe state of stress at the moment of 

fracturing. 

Phasudpandin is tourist attraction in Thep Sathit District, Chaiyaphum Province. There 

are two remarkable features. One is clear exposure of cliff and the other is there is 

systemic fractures scattered throughout the cliff. Geological event, that is cause of cliff 

lifting, is described on a board in Phasudpandin. Unfortunately, the content on the 

board is wrong and there is no explanation about the systematic fracture. In large scale, 

digital elevation model (DEM) shows there are many fractures or lineaments along 

western part of Thep Sathit that seem to be related with systematic in Phasudpandin. 

This area is on a Phra Wihan formation that deposited in Early Crataceous. Fracture 

analysis will point out which stress applied on the study area after Early Cretaceous 

period is responsible for these fractures. 

The main objectives of this study are to create fracture map and to propose a conceptual 

model for fracture development in Khorat Group, Thepsatit District, Chaiyaphum 

Province by using field observation, digital outcrop model (DEM) and digital outcrop 

model (DOM). 

 

1.2 Study area 
 

Study area is Thep Sathit district, Chaiyaphum province that located on western margin 

of Khorat plateau (Fig 1.1). The total area is approximately 875.6 square kilometers. Due 

to fractures are particularly distributed on western part of Thep Sathit, all field study is on 

along western part of Thep Sathit district, Chaiyaphum province. Field study investigated 

in cliff top land or Phasudpandin, Pahinngam national park, Thep Phana  waterfall, 

Thep Pratan waterfall and Wat Nam Tok Charoen Tham. 
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Figure 1.1 Satellite image showing boundary of Thep sathit district, and location of field 

observation. 
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Chapter 2 

Geological Backgroud 

2.1 Stratigraphy 

Thep Sathit district concludes 4 formations of Khorat Group: Phra Wihan formation, Sao 

Khua formation, Phu Phan formation and Krok Kruat formation, respectively from old to 

young (Fig 2.1, 2.2). 

Phra Wihan formation is widely distributed around western margin of Khorat plateau. 

This formation mainly comprises of fine to coarse grained quartzitic sandstones and rarer 

mudstones and siltstones with occasional conglomerates (A.Meesook, 2011). The Phra 

Wihan formation is of Berriasian-Barremian age (Early Cretaceous) that suggested by 

and Racey & Goodall (2009). 

Sao Khua formation comprises of reddish-brown conglomeratic sandstone, siltstone 

and mudstone. At the base, rock comprise of reddish-brown silty claystones, siltstones 

and fine to medium-grained sandstones with thin calcrete horizons and some silcrete 

layers (A.Meesook,  2011). The Sao Khua formation is of Berriasian-Barremian age 

(Early Cretaceous) that suggested by Racey & Goodall (2009).  

Phu Phan formation comprises of greyish-white medium to coarse grained cross-

bedded sandstones and thin lenses of grey siltstone and mudstone with subordinate 

conglomerate (A.Meesook, 2011). The Phu Phan formation is of Berriasian to Aptian 

age (Early Cretaceous) that suggested by Racey & Goodall (2009).  

Krok kruat formation comprises of reddish-brown fine to medium grained sandstone, 

siltstone and mudstone with some conglomerate beds (A.Meesook, 2011). The Krok 

kruat formation is of Aptian age (Early Cretaceous) that suggested by Racey & Goodall 

(2009). 
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Figure 2.1 Geological map of Chaiyaphum province, black line represent  

Thep sathit boundary (modified after DMR, 2007) 
 
 
 

Krok kruat formation 

Phu Phan formation 

Sao Khua formation 

Phra Wihan formation 



5 
 

 

 
Figure 2.2  Regional stratigraphy shows Lithology, sequence of rocks, age of rock and 

key events during Permian to Tertiary. Rocks in study area is in Cretaceous age. The 

red rectangular frame emphasize two tectonic events after deposition of rock in study 

area  (modified after Warren et al., 2014). 

 
 

Rocks in Thep 
Sathit district 
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2.2 Geological setting 
Khorat Group was deposited during Late Jurassic and Early Tertialy. There are two 

interpretation for deposition of Khorat Group. One is the model most frequently applied 

to the area is that of Cooper et al. (1989), who interpreted that  the Khorat Group was 

deposited in a thermal sag basin following Late Triassic extension related to Indosinian 

Orogeny. The other is more recently is that of Lovatt-Smith et al. (1996), who suggested 

that Khorat Basin was a foreland basin at the front of a Jurassic Orogenic belt created 

by the Song Ma and Song Da sutures which parallel the axis of Khorat Basin and is 

suture between the South China Block and Indochina. The top of the Khorat Group is 

marked by an unconformity that separated the Aptian Khok Kruat Formation from the 

Albian–Cenomanian continental evaporitic Maha Sarakham Formation.  

 

The top of the Khorat Group is marked by an unconformity between the Aptian Khok 

Kruat Formation and the Albian–Cenomanian continental evaporitic Maha Sarakham 

Formation. This unconformity represents a mid-Cretaceous inversion. P.F. LOVATT 

SMITH et al. (1996) suggested that Mid-Creataceous inversion is caused by continental 

collision to the west, such as collision of West Burma with Sibumasu which is stated by 

Metcafe (1996) and N.J. Gardiner et al. (2016). This inversion resulted in development 

of Phu Phan uplift (Racey, 2009), uplift in western area of Khorat plateau (Booth, 1998) 

and folded area in Khorat plateau (Booth and Sattayarak, 2011). Moreover, It led to 

development of rimmed intracratonic basin into that Maha sasrakram Formation was 

deposited. Himalayan Orogeny is caused by India plate collide with Eurasia plate in 

Middle Eocene age (Morley, 2012) (Fig 2.3d). In Middle Eocene, It occurs tranpression, 

folding, thrusting and erosion of Khorat Group (Searle & Morley, 2011). 

 

2.3 Fracture type 

Fractures can be separated into opening or extension fracture (joint, vein and fissure) 

and shear fractures. Additionally, closing or contraction fractures can be determined 

(stylolite). Shear fracture has sense of displacement parallel to the fracture plane. 

Opening or extension fracture has sense of displacement perpendicular to fracture plane. 

Joint has no or little displacement across the fracture plane. The term Vein is used for 

mineral-filled extension fracture. Air of fluid–filled extension fracture is called fissure 

(Fig 2.4). In this study, fractures are separated into 3 types: shear fracture, 

extension fracture and contraction fracture. 
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Figure 2.3 Tectonic evolution of Thailand from Late Palaeozoic to Cainozoic (Warren 

et al., 2014). 

2.4 Dihedral angle 

A dihedral angle is angles between dihedral shear fracture. According to Mohr-Coulomb 

theory, the dihedral angle is normally about 60° or acute angles. But according to 

Paecock & Sanderson (1995) and Ismat (2015), the dihedral angle can be unusually 

large. Paecock & Sanderson (1995) stated that high dihedral angle (often>90°) is the 

evidence of pressure solution in rock. Ismat (2015) showed the dihedral angle increases 

with increasing confining pressure which will be increased when the rock is in deep crust 

or close to the hinge regions of the folds. Moreover, Ismat stated that the maximum 

principle stress directions based on the acute bisectors of conjugate-fractures may not 

be accurately determined if the dihedral angle is unusually large or small, leading to 

incorrect kinematic analyses. 

 

 



8 
 

 

 

 

 

Figure 2.4  The types of fracture. 

 

 

Contraction fracture 
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Chapter 3 

Methodology 

This chapter consists of four parts. The first part is data collection. The second part 

shows a methodology for making digital outcrop models. The third part presents the 

fracture analysis for determining stress state. The last part is the stress analysis. The 

work flow is shown in Figure 3.1. 

3.1 Data collection  

Digital elevation model (DEM) , digital outcrop model (DOM) and field data are used to 

analyze fracture orientaions and stress state in this study. Fracture strikes are obtained 

from DEM, DOM and field data while dips and types of fracture are obtained only from 

field data.  

DEM is 12.5 meter resolution from Alaska Satellite Facility. Dataset’s name is ALOS 

PALSAR. Thep Sathit district is combined with 4 pairs of path and frame: path:484 

frame:300, path:484 frame:290, path:485 frame:300 and path:485 frame:290. 

In Phasudpandin and Pahinngam national park, DOM must be used to study fractures 

because these outcrops are large and difficult to access. DOM is constructed from 

outcrop photos, so outcrop photos are one of the data that needs to be collected. 

Outcrop photos are collected by capturing photos and recording some geological 

references.  

The significant field data are fracture strike, fracture dip, fracture type, slickenlines trend 

and slickenlines plunge. A type of fracture is important for stress analysis. 

3.2 Digital outcrop model construction 

DOM is a digital 3D outcrop used for analysis and measurement of some geological 

features e.g. orientation of geological surface or structure, width and thickness of layers. 

The amount of identifiable and measurable geological features highly depend on the 

resolution and accuracy of DOM. In this study, DOM is created by Agisoft Photoscan 

software. Input data for creating DOM is outcrop photos with geological reference 

coordinates. There are 4 procedures for creating DOM. The first procedure is camera 

alignment of series of overlapping outcrop images ( Fig 3.2a) . Then, software will 

generate a point cloud model (Fig 3.2b) . After that, Triangles mesh will be created from 

the point cloud model ( Fig 3.2c) . The last procedure before exporting model is textured 

model building (Fig 3.2d). 
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Figure 3.1 Methodology showing the four main stages of this study. 

3.1 Data collection 
 

3.2 Digital outcrop model 
construction 

3.3 Facture analysis 

3.4 Stress state 

 

• Digital elevation model 
• Digital outcrop model 
• Field data 

fracture strike, fracture dip,  

fracture type, slickenlines trend  

and slickenlines plunge 

  

• Photo Alignment 
• Point cloud model 
• Triangle mesh 
• Digital outcrop model  

• Visual interpretation 
• Mesh selection analysis 
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a) Align photos
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b) Generate point cloud 

  

 

 

 

 

c) Create Triangles mesh  

 

 

 

 

 

d) Export Digital Outcrop Model 

       

 

 

 

 

Figure 3.2 Four main procedures of Digital Outcrop Model construction by using 

Photoscan software (Jirapat, 2016). 
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3.3 Fracture analysis 

There are two methods  for fracture analysis: visual interpretation and mesh selection 

analysis. 

3.3.1 Various directional sun azimuth in DEM 

Difference of sun azimuth for visual interpretation in DEM affects the frequency of each 

fracture trend. Generally, frequency of fracture trend, perpendicular to the sun azimuth, 

is dominant. So, using one directional sun azimuth to analyze fracture orientation may 

cause misunderstanding about frequency of fracture (Masoud & Koike, 2017). This study 

uses various directional sun azimuth to avoid this problem ( Fig 3.3) . Then, f r a c tu res 

from each sun azimuth, are gathered in one picture shown in figure 4.1 

3.3.2 Mesh selection analysis 

This study uses the triangles mesh to analyze fracture orientations. The triangles mesh 

was created from linking three points in the photo. Each point has geological reference 

coordinates, which results in three dimentional orientation of each triangles mesh. 

Therefore, we use triangles meshs to represent the fracture orientation. In this study, 

input data for mesh selection means are DOM and DEM. DOM is already mesh but DEM 

isn’t. So, before being processed, DEM must be converted from grid to mesh. There are 

two processes for Mesh selection means. The processes begin with creation of dip 

attribute (Fig 3.4). Mesh occurring around fractures plane usually has steeper dip angle 

than meshes in nearby area (Fig 3.5). Hence, to analyze fracture trend, meshes which 

are not representative of fractures have to be exterminated by determining unwanted dip 

angles. Then, unwanted dip angles will be selected and deleted ( Fig 3.6) . The last step 

is the creation of azimuth attribute of the rest meshs to show direction of them (Fig 3.7). 

3.4  Stress Analysis. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Fractures in rock are caused by stress. Types and orientations of fracture depend on 

direction of principal stress. Therefore, fracture analysis can describe state of stress at 

the moment of fracturing. Generally, fracures are classified into 3 types: shear fracture, 

extension fractures and contraction fracture. The shear fractures form some acute angle 

to the maximum compressive principle stress direction (σ1). An angle between conjugate 

shear fractures is called dihedral angle.  The extension fractures form perpendicular to 

minimum compressive principle stress direction ( σ3) . The contraction fracture form 

perpendicular to σ1 and parallel to σ3.σ1 direction can be generally identified by two 

means. First, maximum compressive principle stress direction is parallel to extensional 

fracture plane. Second, maximum compressive principle stress direction is parallel to 

bisector of cojugate angle. (Fig 3.8) 
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Figure 3.3 Variation of sun azimuth, a) N-S direction, b) NE-SW direction, c) E-S 

direction and d) SE-NW direction, showing different in fracture intensity. 

a) b) 

c) d) 
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Figure 3.8 Relationship of principle stresses, Extention fracture ,  S h e a r  f r a c t u re , 

maximum principle stress ( σ1) , intermediate principle stress ( σ2)  ,minimum principle 

stress (σ3) and  A: Dihedral angle. 
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Chapter4 

Result 

4.1  Fracture orientation 

Fracture orientations in this study are derived from Digital elevation model, Digital 

outcrop model and Field observation. 

4.1.1 Digital elevation model 

- Visual Interpretation 

Fracture locations in western area of Thep sathit district, that derived from visual 

interpretation, are showed in Figure 4.1. The strike orientations of fractures lie in NW-SE 

direction and range from 300 to 310 degrees, NE-SW direction range from 50 to 60 

degrees, N-S direction range from 340 to 10 degrees and E-W direction range from 270 

to 280 (showed in rose diagramof Fig 4.2) 

- Mesh Selection Analysis 

There are 4 main strike orientations of mesh: NW-SE direction ranging from 310 to 320 

degrees, NE-SW direction ranging from 40 to 60 degrees, N-S direction range from 340 

to10 degrees and E-W direction range from 260 to 290 (showed in rose diagram ofFig 

4.3). 

4.1.2 Digital Outcrop Model 

Digital Outcrop Model of Phasudpandin (UTM: 755753.94, 1731303.96) 

- Visual Interpretation 

Visual interpretation DOM of Phasudpandin is showed in Figure 4.4.There are 3 main 

strike orientations of fractures: WNW-ESE direction ranging from 290 to 310 degrees, 

NE-SW direction ranging from 50 to 60 degrees and N-S direction ranging from 0 to 10 

degrees(showed in rose diagram of Fig 4.5).   

- Mesh Selection Analysis 

Mesh selection analysis of Phasudpandin, shows 3 main strike orientations of meshs 

considering meshes that have dip higher than 75 degrees: NNW-SSE direction ranging 

from 320 to 340 degrees, NE-SW direction ranging from 40 to 60 degrees and NNE-

SSW direction ranging from 10 to 20 degrees (showed in rose diagram of Fig 4.6). 

 



20 
 
Digital Outcrop Model of Pahinngam national park (UTM: 756194.48, 1728530.15) 
- Visual Interpretation 

There are 2 main strike orientations of fracturess derived by visual interpretation DOM 

of Pahinngam national park ( Fig 4.7) . The strike orientations of fractures lie in NE-SW 

direction ranging from 50 to 60 degrees and N-S direction ranging from 0 to 10 degrees 

that are showed in rose diagram (Fig 4.8).   

4.1.3 Field Observation 

- Thep Phana waterfall (UTM: 759049.10, 1721489.93) 

There are 3 main strike orientations of fractures from field observation in Thap Phana 

waterfall: WNW-ESE, ENE-WSW and N-S showed in rose diagram (Fig 4.9). WNW-ESE 

lie in  the range of  290 to 300 degrees. ENE-WSW lie in the range of 60 to 70 degrees. 

N-S lie in the range of 0 to 10 degrees. Fractures in Thep Phana waterfall are 

subvertical(dip angle rage from 80 to 90 degrees (Fig 4.11)). 

- Thep Prathan waterfall (UTM: 760299.72, 1731370.69) 

There are 3 main strike orientations of fractures from field observation in Thap Phana 

waterfall: WNW-ESE, ENE-WSW and N-S showed in rose diagram (Fig 4.10) . WNW-

ESE lie in the range of 290 to 300. ENE-WSW lie in the range of 70 to 80 degrees. N-S 

lie in the range of 0 to 10 degrees. Fractures in Thep Prathan waterfall are subvertical 

(dip angle rage from 80 to 90 degrees (Fig 4.11)). 
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Figure 4.1 Digital elevation model of Thep sathit district. The blue lines representing 

strike orientations of fractures were derived by visual interpretation. 
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Figure 4.2 Rose diagram showing fracture orientation and frequency in western area of 

Thep sathit district derived by visual interpretation.  Showing three main fracture 

orientations: NW-SE, NE-SW and N-S trend. 

 

Figure 4.3 Rose diagram showing fracture orientation and frequency in western area of 

Thep Sathit district derived by Mesh selection analysis.  Showing three main fracture 

orientationss: NW-SE, NE-SW and N-S trend. 
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Figure 4.5 Rose diagram showing fracture strike orientation and frequency of 

Phasudpandin derived by visual interpretation. Showing three main fracture orientations: 

NW-SE, NE-SW and N-S trend. 

 

Figure 4.6 Rose diagram showing fracture strike orientation and frequency of 
Phasudpandin derived by Mesh selection Analysis. Showing three main fracture 
orientations: NNW-SSE, NE-SW and NNE-SSW. 
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Figure 4.8 Rose diagram showing fracture strike orientation and frequency of 

Pahinngam national park derived by visual interpretation. Showing two main fracture 

orientations: NE-SW and N-S. 

 

Figure 4.9 Rose diagram showing fracture strike orientation and frequency of Thep 

Phana waterfall in Thep sathit district.  Showing three main fracture orientations: WNW-

ESE, ENE-WSW and N-S. 
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Figure 4.10 Rose diagram showing fracture strike orientation and frequency of Thep 

Prathan waterfall in Thep sathit district. Showing three main fracture orientations: WNW-

ESE, ENE-WSW and N-S. 

4.2 Fracture classification 

From field survey data, there are 3 main strike orientations of fracture: WNW-ESE, ENE-

WSW and N-S (Fig 4.11).  

WNW-ESE trend is shear fracture. It is d e x t r a l  strike-slip fracture indicated by                                  

slickensides and slickenlines along fracture plane (Fig 4.12, 4.13, 4.14). Its slickenlines 

lie in WNW-ESE direction ranging from 290 to 300 degrees with plunge between 0 and 

10 degrees. 

E N E - W SW  t r e n d  is shear fracture. It is s in is t r a l  strike-slip fracture indicated by 

slickensides and slickenlines along fracture plane (Fig 4.15, 4.16, 4.17) and extensional 

bend (Fig 4.18, 4.19). Its slikenlines lie in ENE-WSW direction ranging from 60 to 70 

degrees with plunge between 0 and 10 degrees. 

N-S trend is extension fracture t h a t  s h o ws r e la t i v e ly perpendicular displacement 

compared  to the wall. However, there is no evidence for movement along the fracture 

plane (Fig 4.20, 4.21, 4.22). 
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Figure 4.11 Three directions of fracture in Thep Phana waterfall. 

 

Figure 4.12 WNW-ESE trending dextral strike-slip fracture in Thep Phana waterfall 

showing slickensides along fracture plane. 

N-S 

W  E 

WNW ESE 
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Figure 4.13 WNW-ESE trending dextral strike-slip fracture in Thap Prathan waterfall 

showing slickensides along fracture plane. 

  

Figure 4.14 WNW-ESE trending dextral strike-slip fracture in Wat Nam Tok Charoen       

Tham showing slickensides along fracture plane. 

WNW ESE 

NNW SSE 
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Figure 4.15 ENE-WSW trending sinistral strike-slip fracture in Thep Phana waterfall 

showing slickensides along fracture plane.  

 

Figure 4.16 ENE-WSW trending sinistral strike-slip fracture in Phasudpandin showing    

slickensides along fracture plane. 

NE SW 

WSW ENE 
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Figure 4.17 ENE-WSW trending sinistral strike-slip fracture in Wat Nam Tok Charoen 

Tham showing slickensides along fracture plane. 

 

Figure 4.18 ENE-WSW trending sinistral strike-slip fracture in Thep Phana waterfall 

showing slickensides along fracture plane. 

N S 

Extensional bend 

S N 
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  Figure 4.19 ENE-WSW trending sinistral strike-slip fracture in Thep Prathan waterfall   

showing slickensides along fracture plane.        

 

Figure 4.20 N-S trending open fracture in Thep Phana waterfall showing no evidence 

for movement along fracture plane. 

ENE WSW 

Extensional bend Extensional bend 

N S 
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Figure 4.21 N-S trending open fracture in Phasudpandin showing no evidence for 

movement along fracture plane. 

 

Figure 4.22 N-S trending open fracture in Wat Nam Tok Charoen Tham showing no 

evidence for movement along fracture plane. 

 

W E 

N S 
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4.3 Stress Analysis 

There are three consistent trends of fracture derived from Digital elevation model, Digital 

outcrop model, and Field observation which are WNW-ESE trend ranging from 290 to 

310 degrees, ENE-WSW trend ranging from 50 to 80 degrees and N-S trend ranging 

from 340 to 10 degrees. From field observation, WNW-ESE, ENE-WSW and N-S trend 

are identified as dextral strike-slip fracture, sinitral strike-slip fracture and Extension 

fracture respectively. All fracture trends are subvertical, while slickenlines are 

subhorizontal, so maximum compressive principle stress ( σ1)  is on horizontal plane. In 

this study, dihedral angle is about 125 degrees. Maximum compressive principle stress, 

analysed from this angle, lies in 2.5 degrees. Maximum compressive principle stress, 

analysed from stike of extension fracture, lies in 340 to 10 degrees. Both are consistent, 

so maximum compressive principle stress lies in the range of 340 to 10 degrees in 

horizontal plane (Fig 4.23). 

 

 

  

Figure 4.23 2D stress ellipse showing types and trends of fracture, the dihedral angle 

and range of σ1 direction.  
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Chapter 5 

Discussions 

5.1 Mesh selection analysis and visual interpretation 

Mesh selection analysis and visual interpretation provide similar fracture orientation but 

not the same (Fig 4.5,4.6) . There are two reasons why both aren’t the same. The first is 

one fracture plane consist of a lot of meshs and fracture plane isn’t smooth surface, so 

one fracture has variation of mesh orientation (Fig 3.7). The second is one fracture plane 

is not counted as one frequency in mesh selection mean. Fracture length has influence 

to frequency of fracture trend. Long fracture has more meshs than short fracture, so 

frequency of the long fracture is greater than the short trend in rose diagram. While in 

visual interpretation, one fracture is counted as one frequency. Visual interpretation give 

more reliable result because fracture length shouldn’t affect to frequency of fracture 

occurred in the same scale. In this study, results of fracture orientation, is used to analyze 

stress state, are results from visual interpretation.    

5.2 E-W fracture trend in DEM 

Figure 4.2 shows that there is fracture lying in E-W trend. This trend isn’t consistent with 

fracture trends from field observation. This trend may be river channel. In Thep Sathit 

district, western area has high elevation than eastern area showed in digital elevation 

model (Fig 5.2), results water flow in E-W direction. The other assumption is this trend is 

Release fracture. When the stress acting on a rock is released, the rock relaxes to get a 

different shape. This change in shape can create tensile stress that are sufficient to 

release fracture. 

5.3 Maximum compressive principle stress direction  

Maximum principle stress direction is obtained by 2 means: Bisectors of conjugate shear 

fracture and orieantation of extension fracture. Maximum principle stress direction based 

on the acute bisectors of conjugate shear fracture may not be accurate if dihedral angle 

are unusually large (Ismat, 2015). Therefore, maximum principle stress direction in this 

study mainly base on the orientation of extension fracture. 

5.4 Unusual high dihedral angle    

Dihedral angle of shear fracture in this study is about 125 degrees. Th is  dihedral 

angle is inconsistent with Mohr-Coulomb theory. From field observation, there is no 

evidence for pressure solution, e.g. stylolite, in this area. Therefore, the high dihedral 
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angle is resulted from fracturing occurred when rock was in deep in crust or within 

the fold’s hinge region.  

5.5 Conceptual model for fracture development 
According to stress state result in chapter 4, N-S compression in the cause of fracturing 

in the western part of Thep Sathit district. This study focuses only on fractures in Phra 

Wihan formation, the formation that deposited in Early Cretaceous. Tectonic event which 

caused the fracturing must be the event occurred after Early Cretaceous There are two 

events after Early Cretaceous: Mid-Cretaceous event and Himalayan Orogeny event 

(Fig 2.2). Mid-Cretaceous event, caused by the collision between West Burma plate and 

Sibumasu plate ( Gardiner et al.,  2 0 1 6 ) , resulted in E-W compression, so this event 

doesn’t relate to fracturing in western part of Thep Sathit district. Himalayan Orogeny 

caused by the collision between India plate and Eurasia plate in Middle Eocene (Morley, 

2012), resulted in N-S compression in South East Asia. Therefore, this tectonic event is 

the cause of fracturing in study area. 

Fracture often form as subsidiary features and are related to other structures such as 

fracture associated with fold, fracture associated with fault. According to tranpression, 

folding, thrusting and erosion of Khorat Group that occurred in Middle Miocene (Searle 

& Morley, 2011) , and Apatite fission track foud in the study area which indicates the 

uplifting of western margin of Khorat plateau in Middle Eocene ( 41±4)  ( Upton, 1999) , 

fracture along western margin of Thep Sathit district possibly occurred simultaneously 

with the lifting of Khorat plateau. 

Lifting of the cliff was controlled by fault, so fault along western margin of Thep Sathit 

district simultaneously with the fracturing in western part of Thep Sathit district. N-S 

compression, which was cause of fracturing, suggest that the fault is sinistral strike-slip 

fault. This fault consistent with sinistral strike-slip fault from Morley (2012) (Fig 5.3). 

Digital elevation model shows western area of district has high elevation than nearby 

area. Rising up of this area is controlled by reverse fault  related with trapression which 

resulted from sinistral strike-slip fault (Fig 5.3,5.4). This assumtion is supported by high 

dihedral angle. The high dihedral angle indicates that the fractured rock used to be in 

deeper crust or within fold’s hinge region before. 
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Figure 5.1 Digital elevation model of Thep Sathit showing wester area has high elevation 

than eastern area. 
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σ

Sinistral strike slip 
fault  in Paleogene 
(Morley, 2012) 

Figure 5.2 Snistral strike-slip fault along western margin of Khorat plateau and 
reverse fault in western area of district are resulted from N-S compression. 
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Chapter 6 

Conclusion 

This study considered data from field observation,digital outcrop model and digital 

elevation model to create fracture map and conceptual model for fracture development. 

Result, which are showed in rose diagram and stress ellipse, and discussion about 

conceptual model for fracture development can be summarized from these following. 

• Fractures in this study area mainly lie in WNW-ESE (290°-310°), ENE-WSW 

(50°-80°) and N-S(340°-10°) trending. 

• All trends of fracture are sub-vertical fracture plane. 

• WNW-ESE is dextral strike-slip fracture and has slickenlines which lie in 

WNW-ESE (290°-300°) with horizontal plunge (0°-10°). ENE-WSW is 

sinistral strike-slip fracture and has slikenlines which lie in ENE-WSW(60°-

70°) with horizontal plunge (0 -10°). N-S trend is extension fracture. 

• Stress analysis from fracture orientation and type of fracture indicates that 

there is one event of deformation. Maximum compressive principle stress lies 

in N-S direction (340°-10°) in horizontal plane. 

• N-S compression was caused by collision of India plate and Eurasia plate in 

Paleogene. This compression resulted in lifting and faulting of western 

margin of Thep Sathit. Moreover, this comperssion direction suggest that 

fault along western margin of Thep Sathit is sinistral stike-slip fault. 
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