
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Organic geochemical characteristics of coal deposits in 

Lampang Province 
 

Mr. Patthapong Chaiseanwang 
 

A  Thesis Submitted in Partial Fulfillment of the Requirements 

for the Degree of Master of Science in Geology 

Department of Geology 

FACULTY OF SCIENCE 

Chulalongkorn University 

Academic Year 2019 

Copyright of Chulalongkorn University 
 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

ลกัษณะเฉพาะทางธรณีเคมีอินทรียข์องแหล่งถ่านหินในจงัหวดัล าปาง 
 

นายปัฐพงศ ์ไชยแสนวงั  

วิทยานิพนธ์น้ีเป็นส่วนหน่ึงของการศึกษาตามหลกัสูตรปริญญาวิทยาศาสตรมหาบณัฑิต 

สาขาวิชาธรณีวิทยา ภาควิชาธรณีวิทยา 
คณะวิทยาศาสตร์ จุฬาลงกรณ์มหาวิทยาลยั 

ปีการศึกษา 2562 

ลิขสิทธ์ิของจุฬาลงกรณ์มหาวิทยาลยั  
 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Thesis Title Organic geochemical characteristics of coal deposits in 

Lampang Province 

By Mr. Patthapong Chaiseanwang  

Field of Study Geology 

Thesis Advisor Assistant Professor PIYAPHONG CHENRAI, Ph.D. 

  
 

Accepted by the FACULTY OF SCIENCE, Chulalongkorn University in 

Partial Fulfillment of the Requirement for the Master of Science 

  

   
 

Dean of the FACULTY OF 

SCIENCE 

 (Professor POLKIT SANGVANICH, Ph.D.) 
 

  

THESIS COMMITTEE 

   
 

Chairman 

 (Assistant Professor VICHAI CHUTAKOSITKANON, 

Ph.D.) 
 

   
 

Thesis Advisor 

 (Assistant Professor PIYAPHONG CHENRAI, Ph.D.) 
 

   
 

Examiner 

 (Assistant Professor AKKANEEWUT JIRAPINYAKUL, 

Ph.D.) 
 

   
 

External Examiner 

 (Ladda Tangwattananukul, Ph.D.) 
 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 iii 

 
ABSTRACT (THAI)  ปัฐพงศ ์ไชยแสนวงั : ลกัษณะเฉพาะทางธรณีเคมีอินทรียข์องแหล่งถ่านหินในจงัหวดัล าปาง. ( Organic 

geochemical characteristics of coal deposits in Lampang Province) อ.ที่ปรึกษา
หลกั : ผศ. ดร.ปิยพงษ ์เชนร้าย 

  

ถ่านหินและหินตะกอนจ านวน 31 ตวัอย่างจากแหล่งถ่านหินแม่ตีบและแหล่งถ่านหินแม่ทานที่ตั้งอยู่ในจังหวดั
ล าปางทางตอนเหนือของประเทศไทยถูกน ามาศึกษาลกัษณะเฉพาะทางธรณีเคมีอินทรีย์ (Organic geochemistry) ผล
จากการวิเคราะห์ปริมาณสารอินทรียท์ั้งหมด (Total organic carbon) พบว่าตวัอย่างถ่านหินจากแหล่งแม่ตีบมีค่า
ระหว่าง 30.12 - 73.71 wt. % และสูงกว่าตวัอย่างถ่านหินของแหล่งแม่ทานซ่ึงมีค่าระหว่าง 23.48 - 52.50 wt. 

% หินดินดานจากทั้ งสองแหล่งมีค่าใกล้เคียงกันระหว่าง 4.82 - 19.49 wt. % ในแหล่งแม่ตีบ และ 14.00 - 

24.87 wt. % ในแหล่งแม่ทาน ค่าที่น้อยที่สุดของปริมาณสารอินทรียท์ั้งหมดปรากฏในตวัอย่างหินโคลนซ่ึงมีค่าระหว่าง 
0.88 – 4.92 wt. % ในแหล่งแม่ตีบ และค่าระหว่าง 0.59 – 5.98 wt. % การวิเคราะห์ปริมาณสารอินทรียท์ี่สกัด
ได้ (Extractable organic matter) ในตัวอย่างหินของแหล่งแม่ตีบมีค่าระหว่าง  1,277 - 9,764 ppm 

ในขณะที่ตวัอย่างหินของแหล่งแม่ทานมีค่ามากกว่าโดยอยู่ระหว่าง 1,256-16,421 ppm จากขอ้มูลขา้งตน้ทั้งสองแหล่งมี
ศกัยภาพการเป็นชั้นหินตน้ก าเนิดของแหล่งปิโตรเลียมอยู่ในเกณฑ์ดีถึงดีเยี่ยมยกเวน้หินโคลนบางตวัอย่าง ขอ้มูลลกัษณะเฉพาะ
ทางธรณีเคมีอินทรียศึ์กษาจากแก๊สโครมาโตแกรม (Gas chromatogram) ไดม้าจากการวิเคราะห์โดยใช้เคร่ืองมือแก๊ส
โครมาโตกราฟี-แมสสเปกโตมิเตอร์ (Gas chromatography-mass spectrometer) ซ่ึงให้ขอ้มูลของตวัช้ีวดั
ทางชีวภาพ  (Biomarker and non-biomarker) ที่ มีประโยชน์ในการตีความทั้ งระดับความพร้อมสมบูรณ์ 
(Maturity) ชนิดของอิ นท รีย์วัตถุ  (Organic matter input) และสภาพแวดล้อมก ารสะสมตัวในอดี ต 

(Depositional environment) ในการศึกษาน้ีถ่านหินมีระดับความพร้อมสมบูรณ์เทียบเคียงกับระดับถ่านหิน 

(coal rank) อยู่ในระดบัลิกไนต์ถึงบิทูมินสัสารระเหยสูงระดบัซี (Lignite – high volatile bituminous C) 

อ้างอิงจากตวัช้ีวดัความพร้อมสมบูรณ์ทางชีวภาพ (Biomarker maturity) ซ่ึงบ่งช้ีว่าตวัอย่างหินมีระดับความพร้อม
สมบูรณ์อยู่ในระดับตอนต้น (immature-early mature stage) แก๊สโครมาโตแกรมของแอลเคนสายตรง (n-

alkanes) และดชันีคาร์บอนคู่คี่ (Carbon Preference Index, CPI) ของทั้งสองแหล่งถ่านหินบ่งช้ีถึงพืชบกเป็น
ชนิดของสารอินทรียห์ลกัร่วมกับสาหร่ายน ้ าจืดที่เป็นชนิดของสารอินทรียร์อง สภาพแวดลอ้มการสะสมตวัโบราณของทั้งสอง
แหล่งถ่านหินนั้นสะสมตวับนบกโดยอา้งอิงจากตวัช้ีวดัทางชีวภาพของสเตอเรนทัว่ไป (Regular steranes) และพบว่า
วิทยาหินที่แตกต่างกนัส่งผลมาจากสภาวะการสะสมตวัโบราณที่แตกต่างกนั การเกิดถ่านหินของทั้งสองแหล่งสัมพนัธ์กบัสภาวะ
ออกซิเจนปานกลางถึงสูงในช่วงระหว่างการสะสมตวั ระดับน ้าในแอ่งมีส่วนส าคญัในการควบคุมชนิดของอินทรียว์ตัถุและการ
เกิดถ่านหิน ตวัอย่างหินดินดานในการศึกษาน้ีสะสมตวัภายใตส้ภาวะไร้ออกซิเจนซ่ึงสัมพนัธ์กับระดบัน ้าที่สูงโดยเป็นสภาวะที่
สามารถให้อินทรียว์ตัถุประเภทสาหร่ายที่อาศยัอยู่ภายในแอ่งที่มีสภาวะไร้ออกซิเจนถึงออกซิเจนต ่าส่งผลให้เกิดหินน ้ามนัขึ้นได้
โดยเฉพาะแหล่งแม่ตีบ หินโคลนสามารถสะสมตวัภายใตส้ภาวะออกซิเจนปานกลางเป็นส่วนใหญ่ในช่วงที่มีปริมาณสารอินทรีย์
ต ่า 
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ABSTRACT (ENGLISH) # # 6172004123 : MAJOR GEOLOGY 

KEYWOR

D: 

Biomarker and non-biomarker, Depositional environment, Mae 

Teep, Mae Than, Thermal maturity 

 Patthapong Chaiseanwang : Organic geochemical characteristics of coal 

deposits in Lampang Province. Advisor: Asst. Prof. PIYAPHONG 

CHENRAI, Ph.D. 

  

Thirty-one rocks and coals were collected from Mae Teep and Mae Than 

coal mines located in Lampang Province, Northern Thailand in order to investigate 

their geochemical characteristics. The total organic carbon (TOC) contents of Mae 

Teep coal samples are slightly higher with the range of 30.12 - 73.71 wt. % 

compared to those from Mae Than samples ranging from 23.48 - 52.20 wt. %. 

Shales from Mae Teep and Mae Than coal mines exhibit similar values with 4.82 - 

19.49 wt. % and 14.00 - 24.87 wt. %, respectively. The lowest TOC contents appear 

on mudstones, ranging from 0.88 to 4.92 wt. % in Mae Teep coal mine and from 

0.59 to 5.98 wt. % in Mae Than coal mine. The extractable organic matter (EOM) 

from Mae Teep samples vary between 1,277 and 9,764 ppm, while Mae Than 

samples are higher in the range of 1,256 – 16,421 ppm. The TOC and EOM results 

indicate coals and shales are good to excellent hydrocarbon generation potential for 

source rocks, except some mudstone samples. Biomarker and non-biomarker 

parameters from GC-MS analysis are useful to interpret thermal maturity, organic 

matter input and depositional environment. The thermal maturity of coal samples 

from both coal mines are represented in the range of immature to early mature stage 

at the present day which is equivalent to lignite to high volatile bituminous C based 

on the American Society for Testing and Materials (ASTM). The distribution of n-

alkanes showing the predominance of long-chain n-alkanes and the high CPI values 

in all samples indicate terrestrial higher plants input. The difference in redox 

conditions of depositional environments exhibits the different lithology. The coal 

formation in both basins requires high level of oxygen content, probably related to 

suboxic to oxic condition during sediment deposits. Local water table within the 

basins may be controlled the organic matter inputs and coal formation. Shale 

samples in this study are deposited under anoxic condition during high water level. 

Consequently, this condition provides algal input originated from blooms of 

planktonic algae settling to the bottom of the basin where is little to no oxygen 

content, resulting in the oil shale formation, particularly in Mae Teep basin. During 

the low productivity, mudstones can be occurred mostly under suboxic condition.    
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CRB, Chiang Rai basin; FB, Fang basin; LiB, Li basin; LB, Lampang basin; NB, Nan 

basin; MIB, Mae Ing basin; MMB, Mae Moh basin; MTB, Mae Teep basin; MTHB, 
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CHAPTER I 

INTRODUCTION 

 

1.1 Rationales 

Coal is the one of important fossil-fuel resources in Thailand and is widely 

used to generate electricity in power plant and heating materials for other industries 

such as cement and iron and steel. Consumption of coal is expected to increase in the 

future due to industries’ expansion. However, domestic coal production in Thailand is 

not sufficient for higher demand. Importing of coals from other countries can partly 

solve the high demand problem in Thailand. Thus, coal study and exploration in 

Thailand is needed for sustainable energy in the future. 

 Cenozoic sedimentary basins have been found to be widely distributed in 

several parts of Thailand, especially in the north-western Thailand (Gibling and 

Ratanasthien, 1980). These basins are mostly formed as half-grabens or grabens of 

normal fault bounded, N-S trending. It was formed in result of extensional regime 

influenced by the collision of the Indian Plate and  Eurasian Plate which initiated in 

Oligocene age (Morley et al., 2001; Songtham et al., 2005). These basins are often 

covered by Quaternary sediments and associated with coal and oil shale deposits 

(Coster et al., 2010). In Thailand, coal investigation has been studied on physical 

characteristics by stratigraphy and petrography in order to imply depositional 

environment, and studied on coal rank and property by using proximate and ultimate 

analysis (Gibling and Ratanasthien, 1980; Gibling et al., 1985b; Ratanasthien, 2011; 

Ratanasthien et al., 1999). However, a few organic geochemistry studies of the 

Cenozoic coals were performed in Thailand, especially biomarker and non-biomarker 

studies (Gibling et al., 1985a; Petersen et al., 2006). Thus, the organic geochemistry 

investigation of coal in Thailand is very limited and needed in order to get better 

understanding of coal deposits in Thailand. These two basins are economically 

operated as coal mines for power plant and cement industry. There are few geological 

studies in both Mae Teep and Mae Than basins. This study should be useful for coal 

mine operation. In addition, the location of these two basins are adjacent to Mae Moh 

basin where is geologically studied in several previous works in structure, 
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stratigraphy and geochemistry which can be useful for relate with the study areas.  

Thus, the aim of this study is to determine coal rank and depositional environment 

within Mae Teep and Mae Than basins in Lampang, northern Thailand based on 

organic geochemical characteristics using methods of total organic carbon (TOC) and 

gas chromatography-mass spectrometry (GC-MS).  

 

1.2 Study area 

The study areas are located into two coal-bearing sedimentary basins, Mae 

Teep and Mae Than basins. Mae Teep basin locates about 80 km northeast of 

Lampang Province (18o35’33.2”N 100o00’43.4”E) and covers about 30 km2 with 3 

km wide and 10 km long. Mae Than basin situates about 50 km southwest of 

Lampang Province (17o58’04.9”N 99o26’14.2”E) and covers about 10 km2 with 2 km 

wide and 5 km long. In this study, rock samples are collected sixteen samples from 

Mae Teep basin and fifteen samples from Mae Than basin. The map of study area 

exhibits in Figure 1. 
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Figure 1 The map of the study area located in Lampang province, Northern Thailand. 

The study area consists of Mae Teep Basin and Mae Than Basin aligned on NE-SW 

direction in which adjacent to Mae Moh Basin. 

 

1.3 Objectives 

The aims of thesis are to analyze the depositional environments of coal 

deposits in Lampang province and to understand the organic geochemical 

characteristics of coal deposits in Lampang province. 

 

1.4 Theories  

1.4.1 Coal definition  

Coal is a readily combustible rock. It consists of carbonaceous material with 

more than 50% by weight and more than 70% by volume (Schopf, 1956). Coal is 

formed by compaction of variously altered plant remains which is related to peaty 

deposits (Schopf, 1956). Coal is a mixture of organic and inorganic matters. It 

contains original moisture similar to modern peaty swamps or bogs (Bates and 
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Jackson, 1987). This definition has recognized and accepted from the American 

Society for Testing and Materials (ASTM, 1991) and many coal specialists.  

Coal definition has various viewpoints. For example, to a biologist or botanist, 

coal is a successor of peat which is mainly composed of organic material derived 

from plants (Moore, 1989). The plants are accumulated in certain types of ecosystems 

which are wide-range peat-forming environments. The ecosystems are dynamic of 

production of biomass (i.e. living or biological materials), resulted from combination 

of biological, chemical, physical and hydrological processes (Quinty and Rochefort, 

2003). In terms of coal petrologist, coal is a rock derived from plant remains which 

forms due to peatification and coalification or maturation (Teichmüller, 1989). To a 

sedimentologist, coal is a product of paleoenvironments and tectonic settings (Ferm 

and Horne, 1979; Ferm and Weisenfluh, 1989). As a geochemist, coal is a peat which 

has undergone chemical and physical transformation during diagenesis, catagenesis, 

and metagenesis (Mukhopadhyay and Hatcher, 1993; Tissot and Welte, 1984). 

Finally, to a petroleum geologist, coal is a source of hydrocarbons which generates 

gas (e.g. methane and carbon dioxide) and oil (Boreham and Powell, 1993; Clayton, 

1993).     

 

1.4.2 Coal composition 

Macerals are the organic components in coal (Stopes, 1935). Macerals are 

defined as their microscopic characteristics under transmitted and reflected lights and 

fluorescence (Table 1). Macerals show their physical and chemical properties in 

various reflectance controlled by coalification. Macerals are analyzed microscopically 

by color, shape, morphology, degree of preservation of cell structure, light 

reflectance, and the intensity of fluorescence. The origin of macerals can be formed 

by different parts of plant, depositional environment or preservation (Mastalerz et al., 

2012). Macerals are classified into three groups: vitrinite or huminite, inertinite, and 

liptinite. There are macerals group, maceral subgroups, and maceral entitled in coal 

nomenclature. The classification of maceral groups is established by the International 

Committee for Coal and Organic Petrology (ICCP, 1998; Sýkorová et al., 2005), the 

organization that develops and revises coal petrology, terminology, and nomenclature. 
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Table 1 Maceral groups and modes of optical identification (Modified from Bustin et 

al., 1985; Stach et al., 1982; Styan and Bustin, 1983; Taylor et al., 1998).. 

Maceral 

group 

Transmitted light Reflected light  Fluorescence 

Vitrinite Red brown Intermediate gray None of yellow 

(lignites) 

brown (bituminous) 

Liptinite Yellow Dark gray High intensities; very 

variable with rank 

Inertinite Opaque White, yellowish, 

light gray 

None 

 

The vitrinite group of macerals compose of woody plant materials such as 

stems, trunks, roots, and branches derived from lignin and cellulose of plant remains. 

The liptinite group of macerals represent diverse plant and animal remains derived 

from phytoplankton (algae), bacteria, cuticles, spore, pollen, resin, waxes, 

chlorophyll, and detritus. The inertinite group of macerals originate from charred 

remains formed peat fires and bacterial surface oxidation such as cell walls, fungal 

cell walls, fish, and other animal relics (Table 2).      

 

Table 2 Petrographic nomenclature and genetic groupings of coal macerals (Complied 

from ICCP, 1971, 1998, 2001; Stanton et al., 1989; Sýkorová et al., 2005). 

Maceral 

group 

Identification 

criteria 

Origin Maceral 

Vitrinite 

(huminite) 

Fluorescence; 

response to etching 

Cell walls, gelified Telinite 

Cell structure, poorly 

defined 

Collotelinite 

Vitrinite fragments Vitrodetrinite 

Vitrinite groundmass, 

mottled 

Collodetrinite 

Vitrinitic colloidal infills Gelovitrinite 
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Cell infills Corpogelinite 

Infills of cracks and voids Gelinite 

Liptinite Characteristics 

fluorescence in blue 

light 

Spores and pollens Sporinite 

Leaf cuticle, roots, and 

stems 

Cutinite 

Algae Alginite 

Corkified cell walls Suberinite 

Plant resins Resinite 

Liptinite fragments Liptodetrinite 

Cavity-filling resins, cell 

lumens, and originating 

after oil generation 

Exsudatinite 

Plant oils  Fluorinite 

Amorphous bitumen Bituminite 

Inertinite High reflectance in 

white light 

Highly oxidized wood Fusinite 

Less oxidized wood Semifusinite 

Oxidized humic gel Macrinite 

Oxidized fragments of 

inertinites 

Inertodetrinite 

Fungal hyphae, spores, and 

other fungal remains 

Funginite 

Oxidized resin Secretinite  

 

1.4.3 Coalification 

Coalification or maturation of coal is the process of coal formation from peat 

to coal which can be divided into two main stages: the peatification and the 

coalification. Furthermore, the coalification process can be subdivided into a 

biochemical phase or early coalification and a geochemical phase or later coalification 

(Killops and Killops, 2013). Peatification and early coalification stages are mainly 

dominated by biological process related to diagenesis. Later coalification stage 

requires high temperature and pressure, which are related to catagenesis and 
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metagenesis. Coalification is typically process of transformation of peat to various 

coal ranks or stages of maturation (Figure 2). Coalification can be classified by 

different coal types including peat, lignite, sub-bituminous, bituminous and anthracite.  

 

Figure 2 The process of peatification, which occurs on the surface is followed by 

coalification of the peat upon burial in the subsurface where it its dewatered and 

exposed to heat and pressure (Modified from Greb, 2006). 

 

The concept of chemical process of coalification is related to maturation of 

coal that change hydrogen, carbon, and oxygen concentration. These elemental 

compositions represent organic matter or maceral composition. Carbon content 

increases and oxygen content decreases with increasing maturation or coalification. 

Hydrogen content decreases with increasing maturation in the same coal type. In 

order to determine coal rank and maceral composition, the atomic ratios of hydrogen 

and carbon (H/C), and oxygen and carbon (O/C) were plotted by van Krevelen (1981) 

(Figure 3). During coal maturation, oxygen and hydrogen contents reduce related to 

carbon content. 
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Figure 3 Diagram of coal macerals in relation to hydrogen/carbon and oxygen/carbon 

atomic ratios, coal types, and direction of coal rank increase. H, hydrogen; O, oxygen; 

C, carbon (Modified from Hunt, 1991; Mukhopadhyay and Hatcher, 1993; van 

Krevelen, 1981). 

 

The atomic ratios of H/C and O/C are related to different coal maceral groups, 

i.e. vitrinites, liptinites and inertinites, and coal types such as humic and sapropelic 

coals (Figure 3). The group of vitrinite has high O/C atomic ratio, but low H/C atomic 

ratio. The inertinite group has lower in H/C atomic ratio compared to the vitrinite 

group. The liptinite group is enriched in H/C atomic ratios compared to the vitrinite 

and inertinite groups (Mukhopadhyay and Hatcher, 1993).  

The proportions of hydrogen, carbon and oxygen are described in the humic 

and sapropelic coals (Figure 4). Humic and sapropelic coals can be classified by 

hydrogen, carbon and oxygen contents in the sample. The carbon content increases as 

hydrogen and oxygen contents decrease during coalification. Humic coals are oxygen 

rich and hydrogen poor. In contrast, sapropelic coals are initially enriched in 
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hydrogen, but oxygen poor. The coal types can be separated by using the difference in 

proportions of hydrogen, carbon, and oxygen. However, the higher rank coals are not 

able to distinguish (Levine, 1993). 

 

Figure 4 Maturation stages of coals plotted in a Van Krevelen type diagram. 

Sapropelic coals start with a high H/C atomic ratio due to a high aliphatic content, 

humic coals start with a high O/C atomic ratio and undergo the coalification stages 

peat, lignite, sub-bituminous coal and high volatile bituminous coal (Modified from 

Killops and Killops, 2013). 

 
1.4.4 Maturation of organic matter  

Maturation of organic matter or thermal maturity is the degree of 

transformation from organic matter to hydrocarbon compounds depending on 

temperature and pressure levels. Increasing deposition depth of sedimentary rock will 

raise temperature and pressure. There are three levels of thermal maturation; 

immature, mature and post mature, respectively (Tissot and Welte, 1984). 
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The immature stage is the first organic maturation affected by diagenesis. This 

stage starts breaking biogenic polymers (i.e. proteins, carbohydrates) influenced by 

microbial activity during sedimentation and early diagenesis. Then, their compounds 

are progressed into new structures (geopolymers) due to polycondensation. When, 

organic matter mainly derived from plant deposits during this stage forming peat and 

then brown coals (lignite and sub-bituminous coal). Nevertheless, methane is 

hydrocarbon compounds forming during diagenesis. At the end of diagenesis, little 

amount of organic matter is transformed into humic acid related to the boundary 

between brown coal and hard coal (ICCP, 1971). 

The increase in temperature and pressure related burial depth of several 

kilometers of overburden makes organic matter become matured in catagenesis stage. 

This stage may be high temperature about 50 – 150 C, pressure ranges from 300 - 

1,500 bars. Mineral composition is remained with some changes. Water content, 

porosity and permeability start decreasing while rock compaction increases. Organic 

matter evolution progressively starts cracking of kerogen formed liquid hydrocarbon, 

then wet gas and condensate in late stage. This organic matter evolution relates to 

various coal ranks (Figure 5). At the end of catagenesis, aliphatic carbon chain 

completely disappears in kerogen compound then hydrocarbon generation is limited 

due to the beginning of subsequent stage metagenesis known as post mature stage. 

Vitrinite reflectance is about 2% at metagenesis stage indicating a high-rank coal. 

Metagenesis is the last stage of the organic matter evolution in sediments 

within high temperature and high pressure. This stage can be equivalented as over 

mature and related to anthracite coal. In this stage, organic matter is transformed into 

only methane and carbon residue. Mineral begins to recrystallize corresponding to 4% 

of vitrinite reflectance at the end of metagenesis. Residue kerogen is converted to 

graphite due to carbonization (Figure 5).  
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Figure 5 General scheme of evolution of the organic matter, from the freshly 

deposited sediment to the metamorphic zone. (CH: carbohydrates, AA: amino acids, 

FA: fluvic acids, HA: humic acids, L: lipids, HC: hydrocarbons, N,S,O: N, S, O 

compounds (non-hydrocarbon)) and comparison of the scale of equivalent A.S.T.M. 

coal rank (Modified from Tissot and Welte, 1984). 

  

1.4.5 Quantity of organic matter 

The quantitative analysis of organic matter is used to evaluate organic richness 

of sedimentary rocks. There are two general terms to define quantity of organic matter 

including total organic carbon (TOC) indicating amount of kerogen and extractable 

organic matter (EOM) indicating amount of bitumen (Peters and Cassa, 1994). 

Kerogen is the macromolecular organic matter which is insoluble in common 

organic solvents (Durand, 1980). In contrast, bitumen is entitled as a soluble part of 

organic matter. Kerogen is derived from plant material or algae modified by diverse 

microbial and thermal alteration processes during burial. Kerogen composes 

condensed aromatic hydrocarbons and aliphatic chains linked by hetero atoms mainly 

oxygen and sulfur. Kerogen can be divided into three types: type I, II, and III 

kerogens depend on its origin and structural composition. 

Bitumen or extractable organic matter (EOM) is the fraction extractable with 

organic solvents (Figure 6). It can be used for evaluating hydrocarbon generation 

potential in source rocks. The quantitative scale of EOM can be evaluated as a 
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minimum value at 500 ppm and reach to 4,000 ppm for petroleum source rocks (Table 

3). The EOM consists of saturated hydrocarbon, aromatic hydrocarbon and 

asphaltenes and resins. During diagenesis, free constituents still remain in the bitumen 

such as molecular fossils and biological markers or biomarkers (Peter and Moldowan, 

1993).  

 

Figure 6 Composition of disseminated organic matter in sedimentary rocks (Tissot 

and Welte, 1984). 

 

Total organic carbon (TOC) is a measurement of the organic richness of 

sedimentary rocks. This parameter is used for screening potential petroleum source 

rocks. Organic carbon is distinguished from a variety of biological origins which 

deposited and buried through geological time (Hunt, 1995; Tissot and Welte, 1984). 

TOC content is analyzed by the direct combustion of a crush rock sample. The unit of 

TOC is shown as percent weight (wt.%) of organic carbon in microgram per rock in 

gram (Table 3). TOC has different criteria in different lithology such as shale and 

carbonate rock due to the difference in porosity and permeability (Peters and Cassa, 

1994). The TOC content of carbonate rock composes lower value compared to those 

of shale in same criteria (Jones, 1987). Generally, the minimum value of TOC is 

about 0.5 wt.% for shale and 0.2 wt.% for carbonate rock to define as a petroleum 

source rocks (Jarvie, 1991a).   
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Table 3 Classification of source rock richness based on total organic carbon (TOC) 

and extractable organic matter (EOM) contents (Peters and Cassa, 1994). 

Source Potential 
TOC (wt.%) 

EOM (ppm) 
 Shale Carbonate 

Poor < 0.5 < 0.2 < 500 

Fair 0.5 - 1.0 0.2 - 0.5 500 - 1,000 

Good 1.0 - 2.0 0.5 - 1.0 1,000 - 2,000 

Very good 2.0 - 4.0 1.0 - 2.0 2,000 - 3,000 

Excellent > 4.0 > 2.0 > 4,000 

 

1.4.6 Biomarkers 

Biomarkers or Biological markers are complex organic compounds consist of 

carbon, hydrogen and other elements. They remain or slightly change in structure 

from their parent organic molecules in living organism (Peter and Moldowan, 1993). 

The characteristic of biomarkers is analyzed by using gas chromatography – mass 

spectrometry (GC–MS). Some biomarkers can be found in coal and other sedimentary 

rocks shown as following. 

1) The pristine/phytane ratio (Pr/Ph) is used to determine the redox condition 

of depositional environment. Pr/Ph ratio is less than 1.0 represents anoxic condition 

whereas oxic condition is more than 3.0 in ratio (Didyk et al., 1978). In addition, 

intermediate condition values between 1.0 and 3.0 (Didyk et al., 1978). 

 

Figure 7 Pristane (C19H40) (Stauffer et al., 2008b).  

 

Figure 8 Phytane (C20H42) (Stauffer et al., 2008b). 

 

2) The isoprenoids/n-alkanes ratio (Pr/n-C17 and Ph/n-C18) represents 

conditions of biodegradation, maturation and diagenesis. Isoprenoids is more resistant 
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to microbial degradation than normal alkanes. Ratio is more than 1.0 referring high 

level of degradation (mature) whereas ratio value has lower than 1.0 means low 

maturity or low microbial activity. 

 

Figure 9 Heptadecane (n-C17; C17H36) (Hintze et al., 2010). 

 

Figure 10 Octadecane (n-C18; C18H38) (Hintze et al., 2010). 

 

3) The tricyclic terpanes (m/z 191) are used to determine input of organic 

matter and evaluate thermal maturity and biodegradation (Peter and Moldowan, 

1993). Predominant C19 tricyclic terpane represents terrigenous organic matter, 

whereas C23 tricyclic terpane indicates marine organic matter (Moldowan et al., 

1985).  

 

Figure 11 C20 Tricyclic terpane (Greenwood et al., 2000). 

 

4) Gammacerane (m/z 191) has been found in sediments from Late 

Proterozoic (Summons et al., 1988). It can be used for indicating transition zone 

between marine and lacustrine environments (Sinninghe Damsté et al., 1995). 
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Figure 12 Gammacerane (C30H52) (Xiao et al., 2018). 

 

5) The trisnorneohopane (Ts) and trisnorhopane (Tm) ratio (Ts/Tm) is used as 

a maturity indicator. Ts is more stable than Tm at higher maturation (Mackenzie et al., 

1981). 

 

Figure 13 18α(H)–22,29,30-Trisnorneohopane (C27H46; Ts) (Peters et al., 2005). 

 

Figure 14 17α(H)–22,29,30-Trisnorhopane (C27H46; Tm) (Peters et al., 2005). 

 

6) The 17β(H),21α(H)-moretane and 17α(H),21β(H)-hopane ratio is used to 

indicate thermal maturation. Hopane is more stable than moretane. The moretane 

abundance relatively decreases at higher temperature (Petersen et al., 2004). 
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Figure 15 17β(H),21α(H)-moretane (C30H52) (Peters et al., 2005). 

 

Figure 16 17α(H),21β(H)-hopane (C30H52) (Xiao et al., 2018). 

 

7) The homohopanes distribution (m/z 191) is derived from bacteriopolyhopanol of 

prokaryotic cell membrane. Homohopane index is used to determine type of organic matter 

and redox condition during and after sediment deposits (Erik and Sancar, 2010). 

 

Figure 17 Homohopane (C31H54) (Peters et al., 2005). 

 

8) The homohopane isomerization ratio (22S/(22S+22R)) is used as an indicator of 

maturation. The more thermally stable 22S isomer against the biologically derived 22R 

isomer (Peters and Cassa, 1994). 

 

9) The distribution of steranes (m/z 217) is used to determine organic matter input 

and sedimentary facies. Steranes are derived from sterols. Predominant C27 sterane indicates 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 32 

plankton (algae) input in marine influenced system whereas C28 sterane represents lacustrine 

deposits. C29  sterane is inferred to swamp shallow water environment with input of terrestrial 

higher plant (Peter and Moldowan, 1993). 

 

Figure 18 Cholestane (C27H48) (Rohrssen et al., 2015). 

 

Figure 19 Ergostane (C28H50) (Rohrssen et al., 2015). 

 

Figure 20 Stigmastane (C29H52) (Rohrssen et al., 2015). 

 

10) The regular steranes/17(H)-hopane ratio is used as an indicator of 

eukaryotic input (mainly algae and higher plants) against prokaryotic organism 

(bacteria) in a source rock (Peter and Moldowan, 1993). 
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Figure 21 17α(H),21β(H)-hopane (C30H52) (Xiao et al., 2018). 

 

 11) Bisnorhopanes is used to indicate depositional environment under anoxic 

conditions containing types of pentacyclic triterpanes (Mello et al., 1988). 

 

Figure 22 28,30-Bisnorhopane (C28H48) (Peters et al., 2005). 

 

12) C29/C30 hopanes ratios are generally high (more than 1.0) in oil where is generated 

from organic rich carbonates and evaporates (Connan et al., 1986). 

 

Figure 23 30-Norhopane (C29H50) (Peters et al., 2005). 
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Figure 24 Hopane (C30H52) (Xiao et al., 2018). 
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CHAPTER II 

LITERATURE REVIEWS 

 

2.1 Geological setting of Cenozoic basins 

Cenozoic geological setting in Thailand is complex with sedimentation and 

deformation on continental core of SE Asia called Sundaland. Sundaland composes a 

heterogeneous segment of continental blocks derived from the India-Australian 

margin of eastern Gondwana. Sundaland was assembled by the closure of multiple 

Tethyan and back-arc ocean basins which is recently shown as suture zones. The 

continental core of Sundaland consists of a western Sibumasu block and an eastern 

Indochina-East Malaya block with an island arc terrane, the Sukhothai Island Arc 

System (Metcalfe, 2011). The core of Sundaland includes the South China block, the 

Indochina-East Malaya blocks, the Sibumasu block, West Burma block and SW 

Borneo block (Figure 25) (Metcalfe, 2011). The West Sumatra block has been 

recently established outboard of Sibumasu in SW Sumatra (Barber and Crow, 2003; 

Barber et al., 2005). In addition, a volcanic arc terrane is identified in the middle of 

Sibumasu and Indochina-East Malaya (Sone and Metcalfe, 2008). 
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Figure 25 Distribution of continental blocks, fragments and terranes, and principal 

sutures of Southeast Asia. Numbered micro-continental blocks, 1. East Java 2. 

Bawean 3. Paternoster 4. Mangkalihat 5. West Sulawesi 6. Semitau 7. Luconia 8. 

Kelabit–Longbowan 9. Spratly Islands–Dangerous Ground 10. Reed Bank 11. North 

Palawan 12. Paracel Islands13. Macclesfield Bank 14. East Sulawesi 15. Bangai–Sula 

16. Buton 17. Obi–Bacan 18. Buru–Seram 19. West Irian Jaya. LT = Lincang 

Terrane, ST = Sukhothai Terrane and CT =Chanthaburi Terrane. C–M = Changning–

Menglian Suture, C.-Mai = Chiang Mai Suture, and Nan–Utt. = Nan–Uttaradit Suture 

(Metcalfe, 2011). 

 

The continental terranes of Sundaland and adjacent regions can be divided 

based on their specific origins and timing of rifting and separation from Gondwana 

and amalgamation/accretion to form SE Asia. The India-Australian margin of 

Gondwana comprises the South China, Indochina and East Malaya blocks in the Early 
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Palaeozoic. These blocks have been rifted and separated from Gondwana by the 

opening of the Palaeo-Tethys ocean in the Early Devonian (Metcalfe, 2006). Sone and 

Metcalfe (2008) proposed that the Sukhothai Arc System composes the Lincang block 

in SW China, the Sukhothai block in Central Thailand and the Chanthaburi block 

derived from the margin of South China-Indochina-East Malaya by back-arc 

spreading in the Late Carboniferous-Early Permian. The back-arc collapsed in the 

Late Permian (Figure 26). At the end of the Early Permian, the Cimmerian continent 

was separated from eastern Gondwana during the Late Carboniferous-Early Permian 

(Jin, 1994; Wang et al., 2001; Wopfner, 1996). The eastern part of this Cimmerian 

continent comprises the Baoshan and possibly the Tengchong blocks of Yunnan, 

China (Jin, 1994; Wopfner, 1996), and the Sibumasu block (Figure 26) (Metcalfe, 

1991). The continent crusts including South Tibet, Burma, Malaya, SW Borneo and 

Sumatra were rifted and separated from Australian Gondwana in the Jurassic 

(Audley-Charles, 1988).  
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Figure 26 The tectonic evolution of Sundaland (Thailand–Malay Peninsula) and 

evolution of the Sukhothai Arc System during Late Carboniferous–Early Jurassic 

times (Metcalfe, 2011). 

 

The Cenozoic rift basins in Thailand generally formed a series of N-S 

trending, typically half-graben basins that can be divided into four regions: (1) the 

Andaman Sea, (2) Gulf of Thailand (GOT), (3) Central Thailand, and (4) Northern 

Thailand (Friederich et al., 2016). The complex of regional Cenozoic rift basins in 

Thailand is initially developed eastern and southern Gulf of Thailand (GOT) during 

the Eocene and Oligocene. Later development is carried out from Late Oligocene to 

Miocene in northern and western Thailand (Figure 27) (Morley, 2015; Racey, 2011; 

Searle et al., 2011; Travena and Clark, 1986). The evidence of basin inversion in 

some basins, particularly in central and northern Thailand, occurred several phases 

during Miocene and Early Pliocene (Morley, 2001, 2009; Morley et al., 2011). In 
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other basins, the result in relatively complex fault patterns restricted rotation of the 

extension direction during the Miocene. In addition, pre-existing fabrics of rifting 

basins has resulted in different degrees of faulting oblique to the extension direction 

which have been built complex fault patterns, fault linkage history, and fault 

displacement patterns (Morley, 2017; Morley et al., 2004).  

The northern Thailand contains a large number of Cenozoic sedimentary 

basins, which formed between the Oligocene and the Pliocene (Morley et al., 2011). 

Several models for the formation of the basins have been proposed including their 

development as strike-slip and/or pull-apart basins (Polachan and Sattayarak, 1989; 

Tapponnier et al., 1986) and extensional basins related to extensional collapse of 

thickened crust, and subduction rollback in the Andaman Sea (Watcharanantakul and 

Morley, 2000). There are more than 40 Cenozoic basins in northern Thailand with 

basin sizes in the range of 30 – 4,000 km2 (Polachan et al., 1991). These basins are 

mainly N-S trending half grabens and grabens with various sediment thickness 

ranging from 1,000 to 3,000 m overlying with complex basement of igneous, 

metamorphic and sedimentary rocks (Polachan et al., 1991). 
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Figure 27 Distribution of Cenozoic basins and significant fault systems in Thailand. 

(MPF = Mae Ping Fault, TPF = Three – Pagoda Fault, NF = Nan Fault, RNF = 

Ranong Fault, KMF = Klong Marui Fault, SWF = Sri Sawat Fault, MTF = Mae Tha 

Fault) (Charusiri and Pum-Im, 2009). 
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2.2 Stratigraphy  

Lampang province is located on the northern Thailand (Latitude: 18 00’ N to 

18 45’ N and longitude: 99 00’ E to 99° 45’ E) covering an area about 850 km2 

(Kwansiririkul et al., 2004). It commonly distributes several intermontane basins such 

as Lampang, Mae Moh, Mae Teep, and Mae Than basins. The general geology of 

Lampang province mainly consists of Mesozoic basement of marine sediments of 

Lampang Group and Cenozoic rift basin containing Neogene sedimentary rock (i.e. 

Mae Moh Group). Mae Moh Group was introduced by Piyasin (1972) as a type 

section of stratigraphy in Mae Moh basin and used to apply to adjacent areas of other 

northern Cenozoic basins (Charusiri and Pum-Im, 2009). 

 

2.2.1 Mae Teep basin 

Mae Teep basin is a small basin located in Ngao district far from Lampang 

Province about 80 km in northeast direction (Figure 1). It was formed in result of 

extensional regime influenced by the collision of the Indian Plate and Eurasian Plate 

which initiated in Oligocene age (Morley, 2001). Mae Teep basin is approximately 30 

km2 with 3 km wide and 10 km long. It is one of intermontane coal-bearing basin in 

N-S trending with steep and fault-controlled margins (Gibling et al., 1985b; Songtham 

et al., 2005). The western margin of the basin was operated as a coal mine where 

Tertiary rocks were uplifted to the surface by post-depositional fault. The Mae Teep 

coal remaining reserve is recorded approximately 10.115 million tons (Sivavong, 

2009). 

The sedimentary sequence rocks of Mae Teep basin are more than 200 m thick. 

The basement rocks are Permo-Triassic volcanics and clastics of the Lampang Group. 

The successions of Mae Teep Basin can be described as shown in Figure 28 and 

divided into two sequences including (1) Tertiary coal-bearing sequence consisting 

limestone, mudstone, coal and carbonaceous mudstone with minor oil shale overlying 

with (2) Quaternary alluvium sequence containing gravel, pebbly sand, muddy sand 

and sandy clay (Chaodumrong et al., 1983; Gibling et al., 1985b). The coal-bearing 

sequences reach up to 35 m in thickness, but laterally variable (Gibling et al., 1985b). 

The main lignite to bituminous coal bed is about 5 m thick and is interbedded by oil 

shales and sandstones (Ducrocq et al., 1995). Bivalves, gastropods, fish and plants are 
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common fossils found in coal-bearing formation in this basin (Ratanasthien, 1984). 

Stegolophodon sp. was found below the main coal seam indicating Early to Middle 

Miocene age (Buffetaut et al., 1988). However, the study of palynology of coal 

bearing sequence indicates Senonian or Paleogene age (Ratanasthien, 1984). 

 

Figure 28 Stratigraphy of Mae Teep basin (Modified from Gibling et al., 1981). 

 

2.2.2 Mae Than basin 

Mae Than basin is located some 50 km southwest of Lampang Province and 

closes to the NW-SE Thoen Fault in which is geomorphologically typical of a 

recently active fault (Figure 29) (Fenton et al., 2003; Morley et al., 2001). It is a small 

rift basin about 4-5 km wide and 10-12 km long (Figure 1). The basement of basin is 

Triassic Lampang Group and Permo-Triassic volcanic rocks (Muenlek, 1992a). 
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Figure 29 Map of the Basin and Range Province of northern Thailand showing the 

major Tertiary basins and late Cenozoic-Quaternary normal and strike-slip faults. 

Towns: CM, Chiand Mai; CR, Chiang Rai; PY, Payao. Faults: MCF, Mae Chan fault; 

MIF, Mae Ing fault; MKF, Mae Kuang fault; MTF, Mae Tha fault; PRF, Phrae fault; 

PUF, Pua Fault; PYF, Payao fault; TF, Thoen fault. Basins: CMB, Chiang Mai basin; 

CRB, Chiang Rai basin; FB, Fang basin; LiB, Li basin; LB, Lampang basin; NB, Nan 

basin; MIB, Mae Ing basin; MMB, Mae Moh basin; MTB, Mae Teep basin; MTHB, 

Mae Than basin; PB, Phrae basin; PRB, Phrao basin; PYB, Payao basin; WPB, Wiang 

Pa Pao basin (Rhodes et al., 2005). 

 

Mae Than basin is described stratigraphy and divided into two sub-basins 

including northern sub-basin and southern sub-basin (Muenlek, 1992). The 

sedimentary sequence in this basin can be divided into 3 units (Figure 30). The lower 

unit consists of reddish-brown sandstone, siltstone and conglomerate about 25-70 m 

thick (Thowanich, 1997). It is probably equivalent to the Huai King Formation in the 

Mae Moh basin. The Middle unit composes mudstone, sandstone, ball clay and coal 

seams (lignite A to sub-bituminous) of fluvio-lacustrine deposits (Thowanich, 1997). 
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Some vertebrate fossils from this section indicate a Middle Miocene age (Muenlek, 

1992). Generally, a single coal seam in the northern part of the basin was found about 

10 m thick. There are two coal seams with average thickness about 10-15 m in the 

southern part of the basin. Furthermore, ball clay is found in SW part of the basin 

with thickness ranging from 5-20 m within the average depth range of up to 100 m 

below the ground surface (Thowanich, 1997). The significant abundance of ball clay 

is presented in Mae Than Basin due to the derivation of the adjacent Triassic granite 

outcrops and the deposition under humid condition (Donmuang et al., 2014; Muenlek, 

1992b). The upper unit is Quaternary of light brown to reddish brown sandstone, 

siltstone, mudstone and minor conglomerate of alluvial deposits (Thowanich, 1997).  

 

Figure 30 Stratigraphy of Mae Than basin (Modified from Muenlek, 1992; 

Thowanich, 1997). 

 

2.3 Coal-bearing sedimentary basins in the Cenozoic 

Friederich et al. (2016) studied coal deposits from Cenozoic basins in 

Southeast Asia. These basins are mainly coal-bearing sediments and divided into five 

regions, i.e. Northern Sundaland, Southern Sundaland, the Philippine archipelago, 

Western Myanmar and eastern Indonesia. Their study focused on three main regions 

exclude Myanmar and Indonesia (Figure 31).  
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Figure 31 Regional division of coal-bearing sedimentary basins in SE Asia 

(Friederich et al., 2016). 

 

Each region shows differences in history of tectonics, paleogeography, 

paleoclimate and paleoenvironment due to unique coal-bearing sedimentary basins 

and different coal properties. For instance, Northern Sundaland (Thailand) formed 

limited coal deposits due to small graben and isolated basin, continental fill without 

influence of sea level change. In addition, the paleoclimate was tropic due to 

paleogeography in Cenozoic age, thus it is not favorable for peat formation. Tectonics 

and depositional histories are also the factors of coal contribution within basins. The 

extensive coal deposits in Southern Sundaland is controlled by post-rift sediments 

during subsidence phase and marine sediments. In addition, the huge sediment 

sources are provided from fluvial, deltaic and coastal plain of high hinterland during 

basin inversion (Friederich et al., 2016). 
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Figure 32 Distribution of peat in the western part of SE Asia (Dommain et al., 2011; 

Staub and Esterle, 1994). 

  

The tectonic movement, depositional environment, climate and geography 

play an important role in coal-bearing sediments in the past and in the present day as a 

peat formation (Friederich et al., 2016). The comparison of modern peat between 

Southern Sundaland (i.e. Sumatra and Borneo) and Northern Sundaland (i.e. northern 

Thailand). Southern Sundaland contains both coal-bearing basin and modern peats in 

widely continuous areas, whereas no area of modern peats in Northern Sundaland 

(Figure 32). The peat favor depends on input source of organic matter. Then, it has to 

be a proper climatic and depositional conditions for peat formation in order to change 

into coals through coalification.       

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 47 

2.4 Cenozoic sedimentary basins in Northern Thailand 

The study of coal deposits in Cenozoic basin of Thailand can be  divided into 

3 regions; (1) Eastern basins: Jae Hom, Wang Nua, Mae Than, Mae Teep, Ngao and 

Mae Moh basins, (2) Western basins: Ban Pa Ka (Li), Ban Wiang Heng, Mae Chaem, 

Ban Mae Wen and Ban Huay Dua basins, and (3) Westernmost basins: Tha Song 

Yang and Mae Ramat basins. The stratigraphy of each basin was described from 

outcrop and borehole data (Figure 33).  

 

Figure 33 Major Cenozoic basins in Northern Thailand (Snansieng, 1979). 

  

 Songtham et al. (2003) studied the palynology of Tertiary basins of northern 

Thailand including Mae Moh, Li, Na Hong, Mae Lamao, and Chiang muan basins. 

The fossil pollen specimens were collected from several coalfields in order to group 

pollen assemblages by using scanning electron microscopy (SEM). The main 
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palynological assemblages were grouped into tropical climate (Figure 34). The 

presence of coal conditions and angiosperm pollens are common in trees growing in 

warm temperate, high latitude, and northern hemisphere climates. The movement of 

the Southeast Asia was believed to change from southward to southeastward, resulted 

in the change of the vegetational patterns from warm temperate to tropical forests 

during the Oligocene to Miocene. In addition, the difference in pollen assemblages 

can be related to coal quality. The coals in warm temperate contain low ash contents, 

whereas the tropical coals are relatively high ash contents (Figure 35).  

 

Figure 34 Warm temperate and tropical pollen from Ban Pa Kha and Mae Long 

Formations (Songtham et al., 2003). 

 

 

Figure 35 Elementary analysis of Tertiary Thai coals (Songtham et al., 2003).  
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2.5 Organic geochemical characteristics of coal 

Alias et al. (2012) studied the coals from Tertiary Tanjong Formation in 

onshore Sabah, Malaysia. The coals were analyzed and evaluated by using pyrolysis 

and bitumen analysis. Furthermore, biomarker distribution was performed on the 

saturated hydrocarbon fraction by using gas chromatography–mass spectrometry 

(GC–MS) to characterize the source of organic matter, the thermal maturity and the 

depositional environment. 

The biomarker parameters such as n-alkanes, isoprenoids (pristane and 

phytane), and steranes are useful to imply type of organic matter. The n-alkane 

distribution, isoprenoids data represent that the studied coals are derived from 

terrestrial higher plant input (Figure 36). In addition, the relative abundance of C27, 

C28, and C29 steranes and pristane/phytane ratio are used to study the depositional 

environment. The studied coals were deposited in a swamp environment under oxic 

condition due to C29 sterane dominant and high pristane/phytane ratio (Figure 37). 

 

Figure 36 Example of log plot of phytane to n-C18 alkane (Ph/n-C18) against pristane 

to n-C17 alkane (Pr/n-C17) (Alias et al., 2012).  
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Figure 37 Example of ternary diagram of regular steranes (C27-C29) showing the 

relation of sterane components, source input, and depositional environment for the 

analyzed (Modified after Huang and Meinschein, 1979). 

 

The thermal maturity can be evaluated by using biomarker parameters such as 

C32 22S/(22S + 22R) homohopane, 20S/(20S + 20R) C29 sterane, moretane/hopane. 

The studied coals are in the range of early mature stage which are related to 

subbituminous B-A and high volatile bituminous C rank (Figure 38).  
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Figure 38 Example of cross-plot of two biomarker parameters sensitive to thermal 

maturity of the Pinangah sediments (Alias et al., 2012).  

 

2.6 Organic matter in intermontane basins 

Intermontane basins formed during mountain orogeny that basin subsidence, 

shape and size were mainly controlled by tectonic activities. Water system in 

intermontane basins generally provides closed or open conditions of lake on terrestrial 

setting. In addition, the climate conditions (e.g. precipitation rates, solar irradiation) in 

some basins also influence water system. Oil shale formation prefer to deposit in large 

lakes, while small lakes with bog and swamps are favorable to coal deposits 

associated with oil shale (Figure 39) (Tissot and Welte, 1984). Tectonic setting and 

climate conditions also influence organic matter source and paleoenvironmental 

conditions associated with local factors such as topography, drainage pattern, physical 

and chemical water system and variation of biomass in and around basins. Also, water 

column and its stratification control cycle and decomposition rates of organic matter 

that preserves organic matter within each basin (Gasse, 1990). 
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Figure 39 Schematic model of lacustrine environment (Setyobudi et al., 2016). 

 

Plants can be divided into two main types based on biochemical compositions 

(1) nonvascular plants or lower plants containing low amounts of woody and cellulose 

(e.g. algae) (2) macrophytic vascular plants or higher plants are tissue structure (e.g. 

grasses, shrubs and trees) (Meyers and Ishiwatari, 1993). Organic matters that 

preserved in intermontane basins are combination of allochthonous and 

autochthonous sources. The allochthonous source is belong to debris of higher plants 

and dissolved humic compounds pass through media (e.g. water, eolian). The 

autochthonous source is associated with algae, bacteria and macrophytes. These 

organic matters undergo via microbial activity to decay and deposited in sediments. 
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The main microbial agents are bacteria, actinomycetes, fungi and algae (Moore, 

1989). Organic compounds consist of carbohydrates and protein easily decomposed 

by degradation, whereas waxes and resins resistant to decay (Moore, 1989). 

Carbonization can be change due to highly diagenesis and catagenesis into carbon 

residue and original decomposition. However, primary characteristics may preserve 

depend on their composition and degree of decomposition.  

The many studies of geochemical and biological markers that provides criteria 

to determine source of organic matter in sedimentary rocks (Hayes et al., 1990; 

Hoffmann et al., 1987; Tissot and Welte, 1984). The relative abundance of n-alkanes 

between short-chain (low molecular weight, LMW) and long-chain n-alkanes (high 

molecular weight, HMW) and their odd-numbered and even-numbered ratio are 

considered to differentiate higher plants organic matter input from lower plants 

contributions (Clark and Blumer, 1967; Cranwell, 1984; Meinschein, 1969; Powell 

and Mokirdy, 1973; Tissot and Welte, 1984). LMW n-alkanes are characteristics of 

phytoplankton input, while land plant cuticular waxes are belonged to appear HMW 

n-alkanes. Some HMW n-alkanes may indicate certain types of land plants (e.g. C31 

n-alkanes is indicative of marsh grasses, C27 and C29 are associated with deciduous 

trees) (Cranwell et al., 1987). 

Oxygen levels in aquatic and sedimentary environments also control the 

degree of degradation of organic matter. The paleoenvironmental conditions (e.g. oxic 

and anoxic conditions) is provided by using ratio of pristane/phytane (Didyk et al., 

1978). Pristane and phytane are derived from chlorophyll that dependent on oxygen 

content (Brooks et al., 1969; Maxwell et al., 1973). This ratio should be used with 

caution in hypersaline conditions (Ten Haven et al., 1987). After burial, organic 

matter preserved in sediments was altered undergone by biochemical and 

geochemical degradation which is mainly influenced by temperature and pressure. As 

increasing depth, organic matter gradually changes its color into darker. Thermal 

alteration associated with diagenesis is determined by using ratios of odd and even 

carbon number n-alkanes calculated as carbon preference index (CPI) (Bray and 

Evans, 1965; Philippi, 1965). CPI values more than 1.0 indicating the predominance 

of odd over even carbon number n-alkanes, while CPI values less than 1.0 

representing the higher amounts of even carbon number n-alkanes compare to odd 
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carbon number n-alkanes. CPI is used to determine the molecular distribution of fatty 

acids and alcohols in fresh lipids and exhibit the fatty acids alteration dependent on 

the difference in diagenesis degree (Matsuda and Koyama, 1977). Generally, organic 

matter source can be characterized as materials for generating coal or hydrocarbon. 

Higher plants are likely typical of coal formation, while lower plants and 

microorganisms are predominant for hydrocarbon generation. 

 

2.7 Environmental of coexistence of coal accumulation and oil shale formation 

and their crucial organic matter materials. 

 The coal accumulation and oil shale formation are mainly influenced by basin 

environments and their condition of depositional environment. The formation of coal 

and shale can be coexisted in same basins. Coal formation is complex that can be 

formed in situ and/or in stable sedimentary environments. Also, transitional setting 

can be formed coal seam in peat bog, particularly environment between terrigenous 

and marine (Li et al., 2016). The main input for coal formation is terrestrial higher 

plants. Oil shale is typical of aquatic environment dependent on certain depth (Sun et 

al., 2013). Coal formation may derive from aquatic plants, plankton and debris of 

terrigenous higher plants. In steady water setting, shale or oil shale can be formed by 

preservation, aggregation and evolution of lower plankton (Li et al., 2016). Oil shale 

formed in lakes combining anoxic environments (Xu et al., 2015). The deeper water 

may form good quality oil shale, while the combination of subaqueous flow and/or 

fan in lake can cause oil shale with poor organic matter content (Liu et al., 2015). 

Several factors may control the shale distribution in lake including paleoclimate, 

paleogeography, the water level change and tectonic and volcanic activity. Semi-deep 

to deep lake environments are present in the lake of terrestrial plants and benthos (Li 

et al., 2016). Surface water contains the high amount of organic matter supply into 

lake, while bottom water is insufficient, salty and oxygen deficient which is favorable 

for good-quality thick oil shale (Yan et al., 2009). 

Coal formation are relatively developed as same as oil shale forming 

conditions. Their settings may form as the result of peat bogs including alluvial-

rivers, lakes, fan/braided streams, meandering rivers, deltas and coastal systems. 

There are different characteristics of coal in each place dependent on development, 
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scale, episodes and distribution of peat bog (Chu et al., 2015; Ferm, 1976; Horne et 

al., 1978). Coal accumulation requires the high amount of organic matter, sediment 

accommodation and tectonic subsidence/uplift and/or water level change that allow to 

preserve peat and later coal seams. Generally, temperature and humidity are the main 

influences for coal formation associated with ample plants, proper paleogeography for 

development of peat bogs and tectonic conditions (Zhao et al., 2014). 

Oil shale is developed under climatic and tectonic settings. The warm climate 

associated with both humid and drought conditions is well-forming oil shale (Jia et 

al., 2013). However, the preservation of both coal and oil shale suggests high 

humidity (Jia et al., 2013). The combination of coal and oil shale formation can be 

occurred in various settings including fresh water basin with adjacent water-flow 

system, low oxidizing nearshore and/or low reducing lake swamps (Wang et al., 

2011). Transgressive setting is also affected on oil shale formation, particularly in 

external flow basin. The cooperation of depositional environment, organic matter 

input and the changes of biological and climatic setting may cause the sequences of 

coal seams and oil shale formation. 

 

Figure 40 The schematic model of wetland types (Wilcox et al., 2007). 

 

In terms of materials of organic matter input, coal requires materials of higher 

plants stem, leaf and root parts of the higher woody plants as well as lower plants 

association (Dai et al., 2020). Coalification is performed to create coal seams that can 
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be divided into four types depend on coal characterization, as follows: (1) forest 

swamp; (2) open reed swamp; (3) open basin related in swamp (submerged aquatic 

plants) and (4) moss marsh (Figure 40) (Wilcox et al., 2007). Generally, plant 

materials are mostly formed by forest swamp typically with tropical or subtropical 

areas (Simão and Kalkreuth, 2015). Oil shale is typical of plankton derivation found 

in lakes or in shallow seas including zooxanthellae algae and cyanobacteria. The 

blooms of algae in lakes showing the result of high productivity are associated with 

oil shale formation as autochthonous organic matter (Hutton et al., 1980). The 

allochthonous such as detrital higher plants growing at the lake edge deposit into lake 

by wind and/or water flow to supply more organic material (Hardie et al., 1978). The 

water stratification manifests the effect of marine influence making the different 

density water due to salinity. This can be led to the high productivity of extinct fresh 

water organisms and/or marine organisms due to the abrupt change of environments. 

The lush organic matters provide oil shale formation.  
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CHAPTER III 

METHODOLOGY 

 

The method of this study starts with literature reviews including geological 

history of study area, lithostratigraphy related depositional environment of study area, 

and organic geochemical analysis methods. The following step is field observation on 

the study area for lithostratigraphic data and then sample collection needed to be 

completed. The flow chart exhibits the procedure of this study as shown in Figure 41. 

 

Figure 41 The flow chart shows methodology of this study. 
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3.1 Field observation and sample collection and preparation 

  The field observation is carried out in order to investigate lithostratigraphy 

and collect notable rock samples in the study areas. In this study, locations of study 

areas are operated as a coal mine in two coal mines Mae Teep and Mae Than coal 

mines. The operated coal mines provide outcrop surfaces that are suitable for making 

lithostratigraphic column and collecting rock samples. The sample collection is 

related to lithostratigraphic column by collecting as hand-picked samples from mine 

surface in which avoid weathered part by digging about 0.10-0.30 meters into outcrop 

wall. The remaining weathered parts of samples are removed before crushed into 

small pieces by a hammer and jaw crusher, respectively. Then, samples are ground 

into powders by a cleaned disc mill by grinding with baked quartz sands. The 

containing glassware and ball mill are also cleaned with distilled water, acetone and 

DCM for preventing contamination. The pulverized samples are prepared for 

geochemical analysis. In this study, TOC analysis uses 10 g of powdered sample to 

analyze and EOM analysis uses 35 g of powdered sample to analyze. In addition, gas 

chromatography-mass spectrometry (GC-MS) is analyzed by using saturated 

hydrocarbon extracted from EOM.  

 

Figure 42 The flow chart of sample preparation. 

 
3.2 Organic geochemical analysis 

3.2.1 Total organic carbon (TOC) 

Total organic carbon content is analyzed by using SHIMADZU TOC analyzer 

with solid sample module (SSM-5000A) (Sleutel et al., 2007). In this study, TOC 

analysis is performed at Center of Excellent on Hazardous Substance Management 

(HSM), Chulalongkorn University. There are two main steps of procedure of TOC 
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analysis. First, standard calibration curves are set up by preparing standard total 

carbon curve (TC) from the different concentration of glucose (C6H12O6 Mw = 

180.156 g.mol-1) on 5, 10, 20, 50, and 100 mg, respectively and then the crush sample 

is combusted at 900C about 2 minutes with atmospheric oxygen (See Equation 1). 

Similarly, standard inorganic carbon curve (IC) is prepared by sodium carbonate 

(Na2CO3; Mw = 105.988 g.mol-1) with the same concentration as TC and then is 

neutralized by using phosphoric acid (H3PO4) 2.5 M (See Equation 2). IC is 

determined undergo 200C about 2 minutes. This process provides carbon dioxide as 

by-product, which can be detected by non-dispersive infrared detector (NDIR). TC 

and IC can create TOC calibration curve.  

C6H12O6(s) + 6O2(g) →
△

6CO2(g) + 6H2O(l)(Equation 1) 

 

3Na2CO3(s) + 2H2PO4(aq) → 2NaPO4(s) + 3H2O(l) + 3CO2(g) (Equation 2) 

 

After calibration curve is completely set up, there are two main parts for 

sample measurement. First, the crushed samples are weighted into 10 mg on two 

ceramic boats for analyzing TC and IC, respectively. In terms of TC, total carbon 

content in sample is detected by carbon dioxide (CO2) content which is released due 

to heating. In addition to IC, phosphoric acid reacts with calcium carbonate. Thus, 

carbonate rocks (calcite) or inorganic carbon can be detected on IC. Finally, TOC 

analysis is calculated on TC and IC, and exhibits the result as percentage of rock 

weight (wt. %).       

 

Figure 43 Total organic carbon analysis. 
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3.2.2 Extractable organic matter (EOM) 

Extractable organic matter (EOM) or bitumen extraction is a method to extract 

rock into solution by using soxhlet extraction and mixture organic solvents of 

dichloromethane (DCM) and methanol (MET) in the ratio 93:7. 35 g of powdered 

samples are weighted in cellulose thimble (33 x 94 mm3). The thimble is covered with 

cotton wool and then put in soxhlet apparatus by using cleaned tweezer, which is 

filled with 250 ml of DCM. The soxhlet apparatus is connected with round bottom 

flask (1,000 ml) filled with the mixture of DCM:MET (93:7) about 200 ml, which is 

heated by heating mantle using temperature around 40-50 ºC due to boiling point of 

DCM. The soxhlet extraction need to be completed by cool water circulation system 

above soxhlet apparatus (6 - 10 ºC) for condensing organic solvents. The organic 

solvents’ volume is observed during the process in order to ensure enough volume for 

recirculation. This process continues on 48 hours, which starts counting since the 

beginning of first distillation. All glassware, apparatus, flask and tweezer are cleaned 

by distilled water, acetone and DCM for preventing contamination and sample 

solution is prepared in beaker for next step. The final product is called EOM or 

bitumen, which need to separate from organic solvents. Rotary evaporator is a tool for 

separating EOM from organic solvent in vacuum condition, then solution of 

concentrated EOM remains about 5 ml and leaves to dry for 24 hours. Finally, 

concentration of EOM can be calculated as milligram per kilograms rock (mg/kg) or 

part per million (ppm). 

 

Figure 44 Soxhlet extraction for extracting EOM in rocks. 
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3.2.3 Column chromatography  

EOM consists of aliphatic hydrocarbon (saturated hydrocarbon), aromatic 

hydrocarbon and hetero-aromatic hydrocarbon (NSO-compounds). On the basis of 

“like dissolves like” rule refers to solubility of both non-polar and polar substances, 

which can be dissolved in proper solvents. Column chromatography is a procedure of 

hydrocarbon fractionation by using property of polarity. Saturated hydrocarbon is 

non-polar substance thus, it can be dissolved in non-polar solvents such as hexane 

(C6H14) which is used in this study. Similarly, ratio of DCM and hexane (7:3) is used 

to separate aromatic hydrocarbon, which has low to moderate in polarity. High 

polarity of hetero-aromatic hydrocarbon is separated by using methyl alcohol 

(CH3OH). In this study, the method of column chromatography consists of two main 

phases. First, stationary phase packs silica gel in chromatographic column (50 x 2.5 

cm) with the ratio of silica gel and EOM content in weight % being about 20:1 for 

packing column. Silica gel has to be activated before use by heating at 120 ºC for 24 

hours and capped with a few centimeters of alumina for a day. Chromatographic 

column has to be cleaned before use by distilled water, acetone and DCM, 

respectively. In terms of column packing, the pipe of chromatographic column is 

plugged with small cotton wool for preventing silica gel leak out. For separating 

saturated hydrocarbon, hexane is used to be the first mobile phase as a solvent. 

Packing column needs to be tight by flushing air to release air in pore spaces of silica 

gel. It might beware of column cracking due to change of solvents in mobile phase. 

Similarly, separation of aromatic and hetero-aromatic hydrocarbons is completed by 

7:3 ratio of DCM: hexane and methyl alcohol, respectively. After that, each 

hydrocarbon solution is distinguished as saturated, aromatic and hetero-aromatic 

hydrocarbons in different solvents. Rotary evaporator is used for separating solutions 

into concentrated substances, which remain about 2 ml filled in cleaned vial and then 

leave to dry for 24 hours. Finally, concentration of saturated, aromatic and hetero-

aromatic hydrocarbons can be calculated as milligram per kilograms rock (mg/kg) or 

part per million (ppm).  
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Figure 45 The method of column chromatography. 

 

3.2.4 Gas chromatography - Mass spectrometry (GC - MS) 

Molecular mass of organic compound is identified by using gas chromatography 

- mass spectrometry (GC - MS) performed at Scientific and Technological Research 

Equipment Centre (STREC), Chulalongkorn University. In this study, saturated 

hydrocarbon is investigated in order to study characteristic biomarker of samples. 

Firstly, saturated hydrocarbon is dissolved in hexane and then injected into the 

ionizing chamber by electron impact, then ionized gas flows through the column and 

is separated into compound by polarity and molecular weight. The separated gas then 

flows into the mass analyzer equipment which can be identified compound by ratio of 

mass and charge (m/z) under the electromagnetic field. Second, n-alkane is used as 

standard calibration to dissolve the saturated hydrocarbon. Agilent 7890B GC and 

Agilent 7000C GC-MS (Triple quadrupole) is a tool for analyze the ratio of mass and 

charge (m/z) under the condition of the ion source temperature of 250C and 70 eV of 

ionizing energy. The 30 meters long DB-5 column (5% of Phenyl Methyl Siloxane) 

with 250 𝜇m inner diameter and 0.25 𝜇m film thickness. The initial temperature is 

80C and hold 3 minutes. The column temperature is heated from 80C to 310C at 

4C/minute and hold 30 minutes at 310C (Chamchoy, 2014; Khositchaisri, 2012). 

The total analysis time is 90 minutes.  Data is acquired in scanning of 35-700 

molecular weight. The compound is identified by total-ion-chromatogram (TIC) and 

selected-ion-monitored (SIM). The difference in ratio of mass and charge provide 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 63 

integration of n-alkanes and isoprenoids (m/z 85), triterpanes and terpanes (m/z 191) 

and diasteranes and steranes (m/z 217) (Moustafa and Morsi, 2012). 

 

Figure 46 The procedure of gas chromatography-mass spectrometry analysis.             
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CHAPTER IV 

RESULTS 

 
4.1 Sample description 

This study focuses on the two coal mines including Mae Teep area and Mae 

Than area. Based on field observation, Mae Teep coal mine consists of three sections 

of outcrop walls that show lithology, attitude of bedding (210/30°SE) and 

sedimentary structures. Each section can be correlated to create lithostratigraphic 

column as shown in Figure 47 with lithological description. There are sixteen rock 

samples in Mae Teep coal mine collected for analyzing total organic carbon (TOC), 

extractable organic matter (EOM) and gas chromatography-mass spectrometry (GC-

MS) as shown in Table 4. 

 

Figure 47 The lithostratigraphy of Mae Teep coal mine. The white circle denotes the 

collecting samples. 
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 At Mae Teep coal mine, thick bed of shale is observed on the uppermost part 

of lithostratigraphic column with graded bedding. Grain size varies between silt size 

in pale colored shale and clay size in dark colored shale (Figure 48a). This shale bed 

is approximately 2-3 meters in thickness and is covered by overburden sediments. 

There is gradational change in lithology between coal and shale in the upper part of 

lithostratigraphy of Mae Teep coal mine (Figure 48b). The shale covers on coal 

showing coarser grain (silt size) interbedded with finer grain (clay size) and fissility.   

 

Figure 48 (a) thick bed of shale showing graded bedding (red square) in the 

uppermost part of lithostratigraphy of Mae Teep coal mine and (b) the gradational 

change between coal (sample ID MC3) and shale (sample ID MS2). 

 

Table 4 Lithological descriptions from Mae Teep samples. 

Sample 

ID 
Rock sample Lithology 

MS1 

 

• Shale 

• Brown color 

• Clay to silt 

grain size 

• Fissility 

a

. 

b

. 
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MS2 

 

• Shale 

• Dark gray color 

• Clay to silt 

grain size 

• Fissility 

MC3 

 

• Coal 

• Black color 

• Moderate 

fracture  

• Dull 

MS4 

 

• Oil shale 

• Brown color 

• Clay to silt 

grain size 

• Fissility 

MS5 

 

• Oil shale 

• Brown color 

• Clay to silt 

grain size 

• Fissility 
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MC6 

 

• Coal 

• Black color 

• Moderate 

fracture  

• Slightly vitreous 

MS7 

 

• Oil shale 

• Brown color 

• Clay to silt 

grain size 

MC8 

 

• Coal 

• Black color 

• High fracture 

• Vitreous 

MC9 

 

• Coal 

• Black color 

• High fracture  

• Dull 
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MC10 

 

• Coal 

• Black color 

• High fracture 

• Vitreous 

MM11 

 

• Mudstone 

• Brown color 

• Clay to silt 

grain size 

MC12 

 

• Coal 

• Black color 

• High fracture 

• Vitreous 

MC13 

 

• Coal 

• Black color 

• Moderate 

fracture 

• Slightly vitreous 
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MC14 

 

• Coal 

• Black color 

• High fracture 

• Vitreous 

MC15 

 

• Coal 

• Black color 

• Moderate 

fracture 

• Vitreous 

MM16 

 

• Mudstone 

• White color 

• Clay to silt 

grain size 
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In addition, rock samples from Mae Than coal mine are studied in order to 

corelate lithostratigraphy with rock samples from Mae Teep coal mine (Figure 49). 

Organic geochemical analysis is also investigated to compare geochemical results 

with Mae Teep coal mine. The attitude of bedding shows 323/16SE based on field 

observation. In this study, fifteen rock samples are collected for geochemical 

analyzing as shown in Table 5. 

 

Figure 49 The lithostratigraphy of Mae Than coal mine. The white circle denotes the 

collecting samples. 
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 There are fragments of leaves and wood preserved in shale (sample ID TS6) 

showing on the surface at Mae Than coal mine (Figure 50). Due to recent soils cover 

the middle part of the studied section, there is no data for lithostratigraphic column of 

Mae Than coal mine in the middle part. Thick mudstone bed presents as the first bed 

of upper part of this area showing slicken side that provides sub-horizontal fault 

(0/12SE) within this area. 

 

Figure 50 Leaves and wood fragments preserved in shale (sample ID TS6). 

 

Table 5 Lithological descriptions from Mae Than samples. 

Sample 

ID 
Rock sample Lithology 

TM1 

 

• Mudstone 

• White color 

• Clay to silt grain 

size 
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TM2 

 

• Mudstone 

• Reddish brown 

• Clay to silt grain 

size 

TC3 

 

• Coal 

• Black color 

• Low fracture 

• Slightly vitreous 

TC4 

 

• Coal 

• Black color 

• Low fracture 

• Vitreous 

TM5 

 

• Mudstone 

• White color 

• Clay to silt grain 

size 
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TS6 

 

• Shale 

• Dark gray color 

• Clay to silt grain 

size 

• Fissility 

TS7 

 

• Shale 

• Reddish gray 

color 

• Clay to silt grain 

size 

• Fissility 

TC8 

 

• Coal 

• Dark gray color 

• Low fracture 

• Dull 

TC9 

 

• Coal 

• Black color 

• High fracture  

• Slightly vitreous 
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TC10 

 

• Coal 

• Black color 

• Moderate fracture 

• Dull 

TC11 

 

• Coal 

• Black color 

• Low fracture 

• Slightly vitreous 

TS12 

 

• Shale 

• Dark brown color 

• Clay to silt grain 

size 

• Fissility 

TC13 

 

• Coal 

• Black color 

• Moderate fracture 

• Dull 

TS14 

 

• Shale 

• Brownish red 

color 

• Clay to silt grain 

size 
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TC15 

 

• Coal 

• Black color 

• High fracture 

• Vitreous 

 

4.2 Total organic carbon (TOC) 

The total organic carbon (TOC) is used to provide information of quantity of 

organic matter in rocks. In Mae Teep coal mine, the highest TOC content appears on 

coal samples ranging from 30.12 to 73.71 wt.% followed by shale samples in range of 

4.82 - 19.49 wt.%. Mudstone samples have the lowest TOC content at about 0.88 - 

4.92 wt.%. In addition to Mae Than samples, the TOC results are similar to Mae Teep 

samples, exhibiting the highest amount on coal samples at about 23.48 - 52.20 wt.%. 

The shales contain the second place ranging from 14.00 to 24.87 wt.%. The lowest 

TOC content also appears on mudstone samples in the range of 0.59 - 5.98 wt.% 

(Table 6).  

 

4.3 Extractable organic matter (EOM) 

The extractable organic matter (EOM) is also used to estimate the quantity of 

organic matter in rocks. Extraction yields obtained from rock samples vary between 

313 and 9,764 ppm of Mae Teep coal mine which have the highest EOM on coals 

ranging from 3,170 to 9,764 ppm followed by shales containing 1,569-5,956 ppm. 

The lowest EOM content is mudstones ranging between 313 and 1,277 ppm. Also, the 

EOM contents vary from 228 to 16,421 ppm of rock samples from Mae Than coal 

mine. The highest EOM content appears on coals in the range of 6,428-16,421 ppm, 

whereas shales have moderate EOM content ranging from 3,999 to 12,039 ppm. 

Mudstones contain the lowest EOM content in the range of 507-1,256 ppm (Table 6). 

 
4.4 Hydrocarbon fractions 

The EOM can be separated into hydrocarbon fractions including saturated 

hydrocarbon, aromatic hydrocarbon and NSO-compounds (Nitrogen, sulfur and 
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oxygen). Each fraction content is shown in Table 6. In Mae Teep samples, NSO-

compound fraction shows the highest amount of hydrocarbon fractions in an average 

of 50.52 wt.% (15.93-79.59 wt.%) followed by aromatic fraction about 43.72 wt.% in 

average (9.33-61.95 wt.%). The lowest content appears on saturated hydrocarbon 

fraction in an average of 18.72 wt.% (2.22-34.88 wt.%). In Mae Than samples, the 

results of hydrocarbon fractions also show the highest content on NSO-compound 

fraction in an average of 69.91 wt.% (54.82-84.70 wt.%). Aromatic fraction contains 

moderate content of 22.92 wt.% in average (10.43-34.09 wt.%) and the lowest content 

appears on saturated fraction in an average of 7.17 wt.% (3.40-13.60 wt.%) (Table 6). 
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4.5 Gas chromatograms 

In mass spectroscopy, the mass-to-charge ratio (m/z) of a cation is equal to the 

mass of the cation divided by its charge. Chemical compounds entering the mass 

spectrometer are imparted with energy that causes their ionization and fragmentation 

into many ions. These ions are sorted based on mass-to-charge ratio (m/z) and 

detected (Stauffer et al., 2008a).   

In this study, three different mass-to-charge ratios (m/z) are studied in order to 

indicate organic geochemical characteristic of rock samples based on biomarkers and 

non-biomarkers including m/z 85, m/z 191 and m/z 217 for indicating distributions of 

n-alkanes and isoprenoids, terpanes and triterpanes and steranes, respectively.  

 

Figure 51 An example of m/z 85 chromatogram showing n-alkane and isoprenoid 

distribution of oil shale from Mae Teep coal mine (sample ID MS5). 

 

4.5.1 n-alkanes and isoprenoids  

The n-alkane distributions of the Mae Teep samples are shown in Figure 51 and 

listed in Table 7. The n-alkanes can be divided into three group including short-chain 

range, mid-chain range and long-chain range n-alkanes. The percentage of each n-

alkane can be calculated as shown in Equation 3 for the percentage of short-chain n-

alkanes. Equation 4 and Equation 5 represent the percentage of mid-chain n-alkanes 

and long-chain n-alkanes, respectively. 

𝑠ℎ𝑜𝑟𝑡 − 𝑐ℎ𝑎𝑖𝑛 𝑛 − 𝑎𝑙𝑘𝑎𝑛𝑒𝑠 (%) =  
∑(𝐶13 − 𝐶19)

∑(𝐶13 − 𝐶35)
 𝑥 100 (Equation 3) 

 

𝑚𝑖𝑑 − 𝑐ℎ𝑎𝑖𝑛 𝑛 − 𝑎𝑙𝑘𝑎𝑛𝑒𝑠 (%) =  
∑(𝐶21 − 𝐶25)

∑(𝐶13 − 𝐶35)
 𝑥 100 (Equation 4) 
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𝑙𝑜𝑛𝑔 − 𝑐ℎ𝑎𝑖𝑛 𝑛 − 𝑎𝑙𝑘𝑎𝑛𝑒𝑠 (%) =  
∑(𝐶27 − 𝐶35)

∑(𝐶13 − 𝐶35)
 𝑥 100 (Equation 5) 

As the results, the n-alkanes vary in the range of C13-C35 showing long-chain 

(nC27-35) compounds dominate in an average of 73.71% (54.61-86.79%) followed by 

mid-chain (nC21-26) n-alkanes about 16.98% in average (7.39-27.12%). Short-chain n-

alkanes (<nC20) contain the lowest in an average of 6.47% (1.69-21.61%).  

In addition, isoprenoids are significantly presented in pristane (Pr) and phytane 

(Ph) in term of concentration. Pristane/nC17 contains an average of 3.70 with the 

highest ratio shows on shales (2.57-7.74) followed by coals between 1.64 and 7.92. 

The lowest ratio belongs to mudstones (0.44-0.76). While, phytane/nC18 ratios have 

an average of 1.73 showing the low ratios on mudstones (0.06-0.16) and coals (0.50-

1.09), whereas shales contain the greatest ratios ranging from 3.31 to 6.37. In 

addition, Pr/Ph ratios of Mae Teep coal mine are in an average of 3.95 with the 

greatest ratios on coals (4.83-8.71). Mudstones are in the range of 0.69-2.98, while 

shales are the lowest pr/ph ratios (0.81-1.34) (Table 7). 

 

Figure 52 An example of m/z 85 chromatogram showing n-alkane and isoprenoid 

distribution of shale from Mae Than coal mine (sample ID TS6). 

 

For Mae Than samples, n-alkane distribution is dominant in the range of nC15-

nC35 with minor isoprenoid compounds (Figure 52). The highest percentage appears 

on long-chain n-alkanes (>nC27) containing 69.29% in average (54.67-85.80%) while 

mid-chain n-alkanes (nC21-26) show the second highest in an average of 22.28% 

(12.58-39.04%). Short-chain n-alkanes have low amount of percentage about 5.48% 
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in average (1.22-10.19%) (Table 7). Also, isoprenoids, pristane and phytane, appear 

with minor amounts in Mae Than samples showing pr/nC17 with the highest ratios on 

coals ranging of 0.25-5.00 followed by shales in the 1.61-2.41 range. Mudstones have 

the lowest pr/nC17 ratios in the 0.51-1.71 range. In addition, ph/nC18 contains lower 

amounts about 1.43 in average compared to pr/nC17 ratio. Coals and shales have 

similar ph/nC18 ratios in the range of 0.20-3.82 and 0.75-3.63, respectively. The 

lowest ratios appear on mudstones ranging from 0.23 to 0.64. Furthermore, the 

average of pr/ph ratios in Mae Than samples is about 1.71. Shales show the lowest 

ratios at 0.80-1.35, whereas mudstones contain moderate ratios of 0.98-1.91. The 

highest values are about 1.03-5.46 in coals (Table 7). 
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4.5.2 Carbon preference index (CPI), average chain length (ACL), 

terrigenous/aquatic ratio (TAR), natural n-alkanes ratio (NAR) and Paq 

The Carbon preference index (CPI) is a ratio that use to describe input of 

organic matter, paleoenvironmental condition, thermal maturity and biodegradation 

(Tissot and Welte, 1984). The CPI can be calculated from the relative abundance 

between odd and even carbon numbered n-alkanes from m/z 85 chromatogram 

(Figure 51 and 52) using the formula purposed by Bray and Evans (1961) (Equation 

6). In Mae Teep coal mine, the highest CPI value appears on coals in the range of 

3.09-6.39 followed by shales value from 3.27 to 4.20. Mudstones contain low CPI 

value ranging from 2.47 to 2.67. In Mae Than coal mine, the highest CPI value is in 

coals in the range of 3.25-4.96. Shales possess CPI values from 2.84 to 4.53 and close 

to CPI value of mudstones in the range of 3.03-4.03 (Table 8). 

𝐶𝑃𝐼 =  
∑(𝐶23 − 𝐶31)𝑜𝑑𝑑+∑(𝐶25−𝐶33)𝑜𝑑𝑑

2∑(𝐶24−𝐶32)𝑒𝑣𝑒𝑛
 (Equation 6) 

 The average chain length (ACL) is also applied to indicate source of organic 

matter in environment based on the relative amounts of odd-numbered n-alkanes 

between C25 – C33 n-alkanes which is mainly derived from higher plant input (Poynter 

and Eglinton, 1990). The formula of ACL used in this study is presented in Equation 

7. The ACL results of Mae Teep samples show the narrow range from 28.14 to 30.29. 

In Mae Than samples, the ACL ratios also show the narrow range of 27.48-29.64 

(Table 8). 

𝐴𝐶𝐿 =  
25(𝐶25) + 27(𝐶27) + 29(𝐶29) + 31(𝐶31) + 33(𝐶33)

𝐶25 + 𝐶27 + 𝐶29 + 𝐶31 + 𝐶33
 (Equation 7) 

 Paq is used to differentiate aquatic inputs from terrestrial higher plants. The 

ratio can be calculated from odd-numbered between C23-C31 n-alkanes (Ficken et al., 

2000; Jeng and Huh, 2008). The Paq formula is shown in Equation 8. As the results, 

Mae Teep samples contain the Paq ratio in the range of 0.09-0.35. The Paq ratios of 

Mae Than samples value between 0.14 and 0.61 (Table 8).   

𝑃𝑎𝑞  =  
𝐶23 + 𝐶25

𝐶23 + 𝐶25 + 𝐶29 +𝐶31
 (Equation 8) 

 The terrigenous/aquatic ratio (TAR) is used to differentiate terrestrial derived 

organic matter from marine organic matter input (Bourbonniere and Meyers, 1996). 

The ratio can be calculated by using the relative abundance of short-chain and long-

chain n-alkanes (Equation 9). In Mae Teep coal mine, the studied samples have a 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 83 

wide range of 14.46-87.24. Also, Mae Than samples contain high TAR values, 

ranging from 10.90 to 128.56 (Table 8). 

𝑇𝐴𝑅  =  
𝐶27 + 𝐶29 + 𝐶31

𝐶15 + 𝐶17 + 𝐶19
  (Equation 9) 

 The natural n-alkanes ratio (NAR) is the contribution of relative amounts 

between natural and petroleum n-alkanes (Mille et al., 2007). The NAR is a ratio that 

indicates by using n-alkanes related to even-numbered n-alkanes in order to 

differentiate petroleum hydrocarbons and crude oils from natural n-alkanes (Equation 

10). Based on this study, the studied samples from Mae Teep coal mine is in the 

narrow range of 0.46-0.72. In Mae Than samples, NAR ratios are in the range of 0.46-

0.66 (Table 8).  

𝑁𝐴𝑅 =  
∑(𝐶19  −  𝐶32)  −  2∑(𝐶20  − 𝐶32)𝑒𝑣𝑒𝑛

∑(𝐶19  − 𝐶32)
(Equation 10)
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4.5.3 Triterpanes and terpanes 

The gas chromatogram can be selected by m/z 191 to provide distributions of 

triterpanes and terpanes including Ts, Tm, Hopane, Moretane, Homohopane. These 

are biomarkers used for indicating thermal maturity of rocks (Figure 53).   

 

Figure 53 An example of m/z 191 chromatogram showing terpane and triterpane 

distribution of oil shale from Mae Teep coal mine (sample ID MS5). The peak 

identification shows on Table 20. 

 

In Mae Teep coal mine, ratios of Ts/(Ts+Tm) trend to be slightly increased with 

increasing depth from 0.07 to 0.21 (0.12 in average). Moretane/hopane ratios show 

that coals contain the lowest ratio in the range of 0.10 to 0.24. Shales have higher 

ratio from 1.30 to 2.55 compared to this ratio of mudstones ranging between 0.22-

0.44. In addition, an average C31 homohopane 22S/(22S+22R) ratio values at 0.39 

(0.09-0.75) with the highest ratio of coals in the range of 0.09 to 0.75. Shales and 

mudstones contain moderate ratio ranging from 0.31 to 0.43 and from 0.25 to 0.35, 

respectively. In addition, some terpanes provide an indicator of water stratified 

condition such as gammacerane index that is ratio of gammacerane and hopane. An 

average of gammacerane index is 1.05 with the highest ratio appears on shales in the 

range of 1.46-3.20 followed by mudstones ranging from 0.40-2.43. Coals contain the 

lowest gammacerane index in an average of 1.05 ranging from 0.15 to 0.38 (Table 9). 
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Figure 54 An example of m/z 191 chromatogram showing terpane and triterpane 

distribution of shale from Mae Than coal mine (sample ID TS5). The peak 

identification shows on Table 20. 

 

In Mae Than coal mine, the distribution of triterpanes and terpanes is shown in 

Figure 54. The Ts/(Ts+Tm) ratio values about 0.11 in average and there is no 

relationship between Ts/(Ts+Tm) ratio and depth. The highest Ts/(Ts+Tm) ratio 

appears on mudstones in the range of 0.17 to 0.30. Coals and shales are slightly low 

Ts/(Ts+Tm) ratios ranging 0.04-0.20 and 0.05-0.08, respectively. An average of 

moretane/hopane ratio is at 0.54 with the lowest ratio in coals and shales ranging 

0.08-0.59 and 0.13-1.10, respectively. The highest moretane/hopane ratio appears on 

mudstones between 0.11-1.89. In addition to C31 homohopane 22S/(22S+22R), 

average ratio is about 0.47 with the highest ratio of coals ranging from 0.31 to 0.85 

followed by mudstone in the range of 0.39-0.72. The lowest ratio appears on shales 

between 0.22 and 0.53. In addition, gammacerane index appears in small amount in 

an average of 0.57 (0.10-1.77) with mudstones shows the highest value between 0.20 

and 1.77. Coals and shales vary in low amounts in the range of 0.15-0.56 and 0.14-

0.89, respectively (Table 9). The results of this index contain quite similar value in all 

samples. There is no difference in value in terms of lithology compared with the 

gammacerane index results in Mae Teep samples, thus it will be discussed in the 

discussion chapter.      
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4.5.4 Steranes 

The m/z 217 chromatogram is used to study paleoenvironment and organic 

matter input. Some biomarkers are generally distributed including C27 regular sterane, 

C28 regular sterane, C29 regular sterane. In addition, C29 sterane isomerization can be 

provided as ratios of 20S/(20S+20R) and ββ/ββ+αα that can be used to imply thermal 

maturity of petroleum source rocks. These ratios can be calculated from isomerization 

between biological form (20R) and geological form (20S) which depend on thermal 

maturity in rocks (Figure 55) (Seifert and Moldowan, 1979; Peters and Moldowan, 

1991). 

 

Figure 55 An example of m/z 217 chromatogram showing sterane distribution of oil 

shale from Mae Teep coal mine (sample ID MS5). The peak identification shows on 

Table 21. 

 

In Mae Teep coal mine, samples contain the prevalence of C29 regular sterane in 

an average of 60% (45-74%) followed by C28 regular sterane about 26% in average 

(12-44%). C27 regular sterane shows the lowest percentage about 14% in average (8-

12%). Almost samples have a moderate ratio of C29 sterane 20S/(20S+20R) various 

from 0.08 to 0.65 (0.41 in average). An average of C29 sterane ββ/ββ+αα ratio is 0.47 

ranging between 0.22 and 0.68 (Table 10).  
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Figure 56 An example of m/z 217 chromatogram showing sterane distribution of 

shale from Mae Than coal mine (sample ID TS5). The peak identification shows on 

Table 21. 

 

In Mae Than coal mine, the sterane distribution is shown in Figure 56. C29 

regular sterane shows the prevalent in an average of 61% (48-72%). An average C28 

regular sterane amount is 25% (9-37%) followed by C27 regular sterane contains the 

lowest average amount of 14% in the range of 7-31%. In term of C29 sterane 

isomerization, 20S/(20S+20R) and ββ/(ββ+αα) contain moderate values in both ratios 

about an average of 0.37 (0.27-0.57) and 0.52 (0.28-0.57), respectively (Table 10). 
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CHAPTER V 

DISCUSSIONS 

 
5.1 Quantity of organic matter  

The TOC and EOM contents provide information of quantity of organic matter 

in rocks. The studied coals from both basins contains high TOC and EOM contents 

suggesting high amount of organic matter. The organic richness of Mae Teep shales is 

lower compared to those of Mae Than shales based on TOC and EOM data. The 

mudstones are mostly grouped in poor organic richness presented in low TOC and 

EOM contents. In addition, these contents can be used to evaluate hydrocarbon 

generation potential for petroleum source rocks. In this study, the Mae Teep samples 

are mostly suggested as a good to excellent potential for source rocks, except 

mudstone (sample ID MM16) (Figure 57a) (Tissot and Welte, 1984). On the other 

hand, the Mae Than samples indicate an excellent potential for petroleum source 

rocks, except mudstone (sample ID TM1, TM2 and TM3) (Figure 57b) (Jarvie, 

1991b; Tissot and Welte, 1984).   

Based on this study, the TOC contents coincide with the EOM contents. The 

samples with high TOC content trend to have high EOM content, while the samples 

with low TOC content are likely to have low EOM content. In comparison, the EOM 

contents of coals and shales from Mae Than coal mine are significantly higher than 

those from Mae Teep coal mine (approximately two times higher). However, 

mudstones have similar values in both basins (Figure 57). Thus, it can be suggested 

that Mae Than samples seem to have higher potential for petroleum generation than 

Mae Teep samples. However, EOM analysis is one of geochemical methods used for 

evaluation of hydrocarbon potential. It should be supported by other advanced 

methods. 

In terms of EOM fraction, the saturated hydrocarbon compound in this study 

seems to be relatively low. However, the percentage of saturated hydrocarbon 

compound extracted from coal samples is usually low and coincides with other 

reliable works (e.g. Dević and Popović, 2013; Stefanova et al., 1995; Stefanova et al., 

1999; Tuo et al., 2003). All samples have similar contents of aromatic hydrocarbon. 

In addition, NSO-compound hydrocarbon is the highest compound in the EOM 
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fraction with approximately of more than 50 wt.% from samples of both basins 

(Figure 57). The high percentage of the NSO-compounds in both basins suggests low 

maturity stage of the samples (Dević and Popović, 2013). 

 

Figure 57 The lithostratigraphy correlated with TOC (% wt.) and EOM (ppm) 

contents and EOM fractions of (a) Mae Teep coal mine, (b) Mae Than coal mine. 
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In summary, the geochemical characteristic data such as TOC, EOM and 

EOM fractions are used to estimate organic richness in rocks. The results of coals, 

shales and oil shales are compared to the previous studies (Table 11). The compared 

results seem likely that coals commonly contain high TOC and EOM contents. The 

NSO compound hydrocarbon is the highest amount in EOM fractions followed by 

aromatic and saturated hydrocarbons, respectively. These compared results can be 

interpreted the organic richness and hydrocarbon generation potential in source rocks. 

Generally, coals exhibit high organic richness and contain excellent potential to be a 

petroleum source rock (Table 11). In addition to shales and oil shales, the previous 

works are consistent with this study (Table 12). Shales and oil shales are considered 

to contain moderate TOC and EOM contents. The EOM fractions exhibit the highest 

amount in NSO compounds followed by aromatic and saturated hydrocarbons, 

respectively. The organic richness of these rocks is evaluated as moderate amount of 

organic matter. Mostly, shales and oil shales are in the range of excellent hydrocarbon 

generation potential in source rocks (Table 12).  

 

Table 11 The results of TOC, EOM and EOM fractions of coals compared to the 

previous studies.  

Coal Location 

TOC 

(wt. 

%) 

EOM  
EOM 

fractions 

Organic 

richness 

Hydrocarbon 

potential 

This study 

Mae Teep 

basin, 

Northern 

Thailand 

30.12-

73.71 

High 

 

NSO 

compounds 

> Aromatic 

> Saturated 

hydrocarbo

ns 

High 

Excellent 

(TOC content 

> 4 wt. %)a 

Mae Than 

basin, 

Northern 

Thailand 

23.48-

52.20 

Van Minh 

Le, 1994 

Mae Moh 

basin, 

Northern 

Thailand 

6.38-

31.11 

Hasiah and 

Abolins, 

Buru 

Arang, 

49.53-

57.61 
- - 
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1998 Malaysia 

Ehinola et 

al., 2002 

Benue 

Trough, 

Nigeria 

14.80 - 

48.40 
- - 

Petersen 

and 

Ratanasthei

n, 2011 

Bang 

Mark 

basin, 

Southern 

Thailand 

36.90-

48.85 
- - 

Alias et al., 

2012 

Sabah, 

Malaysia 

51.20-

77.70 

Very 

high 
NSO 

compounds 

> Aromatic 

> Saturated 

hydrocarbo

ns 

Hos-Çebi 

and 

Korkmaz, 

2013 

North 

Anatolia, 

Turkey 

35.35 - 

68.51 
High 

Mustapha 

et al., 2017 

Northeast 

Sabah, 

Malaysia 

55.70 - 

62.37 
High 

Gogoi et 

al., 2020 

Meghalay

a, India 

49.81 - 

70.12 
- - 

aPeters and Cassa, 1994 

 

Table 12 The results of TOC, EOM and EOM fractions of shales and oil shales 

compared to the previous studies.  

Shale and 

oil shale 
Location 

TOC 

(wt. 

%) 

EOM 
EOM 

fractions 

Organic 

richness 

Hydrocarbon 

potential 

This study 

Mae 

Teep 

basin, 

Northern 

Thailand 

4.82-

19.49 

High 

NSO 

compounds > 

Aromatic > 

Saturated 

hydrocarbons 

Moderate 

Excellent 

(TOC content 

> 4 wt. %)a 

Mae 

Than 

basin, 

Northern 

Thailand 

14.00-

24.87 

Van Minh 

Le, 1994 

Mae Moh 

basin, 

17.54-

31.11 
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Northern 

Thailand 

Curiale 

and 

Gibling, 

1993 

Mae Sot 

basin, 

Northern 

Thailand 

0.89 - 

22.40 

Hasiah and 

Abolins, 

1998 

Buru 

Arang, 

Malaysia 

8.76 - 

10.42 
- - 

aPeters and Cassa, 1994 

 
5.2 Type of organic matter 

Based on organic geochemistry, gas chromatograms were obtained by using 

GC-MS analysis provide total ion current (TIC) in various ion chromatograms depend 

on mass-to-charge ratio (m/z). In terms of m/z 85, n-alkanes and isoprenoids are 

prevalent in the chromatograms which are useful to imply type of organic matter. 

Long-chain n-alkanes (>nC27) are the main components of plants waxes (Tissot and 

Welte, 1984) and are considered as biomarkers for higher terrestrial plants. Long-

chain n-alkanes are derived from diagenetic transformation of even-numbered 

carboxylic acids and alcohols presented in leaf and cuticular waxes. In addition, some 

freshwater algae are also typically found in long-chain n-alkanes (Gülz et al., 1992; 

Peters et al., 2005; Rieley et al., 1993). Mid-chain n-alkanes (C21-26) are biological 

precursors of vascular plants, microalgae and cyanobacteria (Matsumoto et al., 1990). 

Aquatic macrophytes contain C23 and C25 n-alkanes (Ficken et al., 2000). Some fossil 

conifer species’ cones and shoots including Taxodium balticum, Arthrotaxis couttsiae 

and Pinus paleostrobus contain high amounts of mid-chain n-alkanes (Otto and 

Simoneit, 2001). Short-chain n-alkanes are mainly present in algae and 

microorganism (Cranwell, 1977). In this study, the studied samples from both basins 

show the distribution of n-alkanes in unimodal pattern ranging from nC12 to nC35. The 

high amount of long-chain n-alkanes in all samples indicates terrestrial higher plants 

are the main source of n-alkanes (Figure 58).  
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Figure 58 The lithology correlates with the percentage of n-alkanes from (a) Mae 

Teep samples (b) Mae Than samples. 

 
The CPI values are higher or lower than 1.0 indicates immature stage while 

CPI closes to 1.0 point to a mature stage (Peter and Moldowan, 1993). In the reducing 

environment, dominant n-fatty acids, alcohols and phytol over decarboxylation 

causing the predominance of even-numbered n-alkanes over odd-numbered n-alkanes 

(CPI<1.0) (Tissot and Welte, 1984). In contrast to oxidizing environment, more 

decarboxylation dominants over n-fatty acids, alcohol and phytol showing the result 

of the predominance of odd-numbered n-alkanes over even-numbered n-alkanes 

(CPI>1.0) (Tissot and Welte, 1984). In addition, land plant associated material 

showed the predominance of odd-numbered n-alkanes with CPI ~ 5-10 

(Commendatore et al., 2012; Kanzari et al., 2014). Marine microorganisms contain 

CPI values closed to 1.0 (Kennicutt II et al., 1987). In this study, CPI values are in the 

C25-C35 range containing high index (more than 3.0) with the predominance of odd-

carbon numbered n-alkanes (Figure 59). The results of CPI in all samples have 
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suggested that odd over even n-alkanes provides a high contribution of land plants to 

precursor of organic matter which is deposited under oxidizing environment (Tissot 

and Welte, 1984). Also, the studied samples are evaluated as an immature stage (Peter 

and Moldowan, 1993). 

For ACL data, the length of n-alkane chain is indicative of vegetation type that 

are mainly derived from terrigenous leaf lipids. The lipids in leaf from forest plants 

generally contain shorter chain-length than those of leaf from grasslands (Cranwell, 

1973). The value of ACL from plant leaf waxes is dependent on some factors 

including aridity, temperature, rainfall and vegetation changes. Herbaceous types are 

mainly contributed with C31 or C33 n-alkanes, resulting in higher value of ACL 

compared to those of woody plants (Rommerskirchen et al., 2006). In addition, the 

change of vegetation types controls the ACL value. The chain-length of terrestrial 

higher plants is longer than aquatic macrophytes (Ficken et al., 2000). As the ACL 

results of this study, the depositional environment may combine of terrestrial and 

aquatic settings due to the presence of relative odd-numbered n-alkanes between C25-

C33 n-alkanes. Also, there is little difference in the depositional environment in both 

basins based on the constant ACL values from samples (Figure 59) (Sakari et al., 

2008).  

For the proxy ratio (Paq), this index is an indicator of organic matter source 

input by using the relative amounts of odd-numbered between C23-C31 n-alkanes. 

Submerged and/or floating macrophytes compose abundances of mid-chain length, 

C23 and C25 n-alkanes, showing high Paq value (more than 0.4). While, emerged 

macrophytes are typically dominated by the long-chain length homologues (>C29) 

which contain low Paq value, ranging from 0.1 to 0.4 (Ficken et al., 2000). As the 

results, the Paq ratios of studied samples from both coal mines contain lower than 0.4 

except mudstones (Sample ID TM1 and TM5). Thus, emerged macrophytes 

(terrestrial higher plants) are mainly dominant for organic matter input (Figure 59).  

In addition, the TAR is a ratio of the relative variation of terrestrial and 

aquatic sources of n-alkanes based on the abundance of long-chain and short-chain n-

alkanes. The predominance of odd-numbered long-chain n-alkanes (C27, C28 and C31) 

is an indicator of the debris of terrestrial higher plants (Rieley et al., 1991). In 

contrast, odd-numbered short-chain n-alkanes (C15, C17 and C19) is prevalent to 
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aquatic organic matter source (Jaffé et al., 2001). The low TAR ratio is generally 

present in the contribution of marine source input. In this study, the TAR ratio of all 

samples is higher than two, indicating organic matter derived from the terrigenous 

source (Figure 59) (Silva et al., 2008). 

Natural n-alkanes ratio (NAR) contributes the relative amounts between 

natural and petroleum n-alkanes (Mille et al., 2007). NAR is a ratio that indicates by 

using n-alkanes related to even-numbered n-alkanes in order to differentiate 

petroleum hydrocarbons and crude oils from natural n-alkanes. The value of NAR is 

close to zero represents organic matter source derived from petroleum or crude oils, 

while NAR value closes to 1 indicating nature organic matter occurrence. In this 

study, the NAR results of all samples exhibit as a natural organic matter from 

terrestrial higher plants (Figure 59).  

In summary, the main contribution is an emerged material including detrital of 

higher plants from land nearby basin associated with minor submerged aquatic algae 

in the basin based on CPI, ACL, Paq and TAR (Figure 59). In addition, Mae Teep 

samples can be divided into 4 units. Unit A is mudstone showing low CPI and ACL 

values, and high Paq and TAR values. Unit B comprises shale formation interbedded 

with coal seams with high CPI, Paq and TAR values. Unit C is thick coal seams 

interbedded with thin shale and oil shale showing fluctuation values of CPI, ACL, Paq 

and TAR. Unit D consists of thick shale with moderate CPI, ACL and Paq values 

(Figure 59a). In other hand, Mae Than samples are classified 5 units based on CPI, 

ACL, Paq and TAR values including unit A coal seams interbedded with shale, unit B 

thick shale, unit C and unit E thick mudstone and unit D thick coal seam (Figure 59b).  
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Figure 59 The lithology correlates with CPI, ACL, Paq, TAR and NAR of (a) Mae 

Teep coal mine (b) Mae Than coal mine. 

  

The n-alkane distributions and related parameters of this study are compared 

with the previous works in order to estimate organic matter inputs. It seems likely that 

the studied coals are coincided with other coal studies that the main contribution is 

higher plants due to the presence of long-chain n-alkanes and high CPI. Some studies 

use the different methods such as the maceral composition to imply organic matter 

inputs. The association of algae material reveals in some coal studies (Table 13). 

Also, the shales and oil shales are investigated and compared with other works. The 

studied shales are also mainly typical of higher plants with minor algae based on n-

alkane distribution and CPI. Some works purposed that algae and planktonic materials 

are the main contribution of shales and oil shales. 
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Table 13 The results of n-alkane distribution, CPI and type of organic matter of coals 

compared to the previous studies. 

Coal Location 
n-alkane 

distribution 
CPI 

Type of 

organic 

matter 

This study 

Mae Teep basin, 

Northern 

Thailand 

Long chain > 

mid-chain > 

short-chain n-

alkanes 

3.60-7.04 

Higher plants 

Mae Than basin, 

Northern 

Thailand 

3.44-6.20 

Van Minh Le, 

1994 

Mae Moh basin, 

Northern 

Thailand 

0.90-3.00 

Hasiah and 

Abolins, 1998 

Buru Arang, 

Malaysia 
1.10-1.44 

Ehinola et al., 

2002 

Benue Trough, 

Nigeria 
1.00-1.07 

Higher plants 

and algae 

Petersen and 

Ratanasthein, 

2011 

Bang Mark 

basin, Southern 

Thailand 

Maceral 

composition 

study 

- 

Higher plants 

Alias et al., 2012 Sabah, Malaysia 
Long chain > 

mid-chain > 

short-chain n-

alkanes 

1.19-1.41 

Hos-Çebi and 

Korkmaz, 2013 

North Anatolia, 

Turkey 
- 

Mustapha et al., 

2017 

Northeast Sabah, 

Malaysia 
1.30-3.97 

Gogoi et al., 

2020 

Meghalaya, 

India 

Maceral 

composition 

study 

- 

 

Table 14 The results of n-alkane distribution, CPI and type of organic matter of shales 

and oil shales compared to the previous studies. 

Shale and oil 

shale 
Location 

n-alkane 

distribution 
CPI 

Type of 

organic 

matter 

This study 
Mae Teep basin, 

Northern Thailand 

Long chain > 

mid-chain > 
3.52-4.10 Higher plants 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 101 

Mae Than basin, 

Northern Thailand 

short-chain n-

alkanes 
3.30-5.67 

Van Minh Le, 

1994 

Mae Moh basin, 

Northern Thailand 
13C isotope study Algae 

Curiale and 

Gibling, 1993 

Mae Sot basin, 

Northern Thailand 
Long chain > 

mid-chain > 

short-chain n-

alkanes 

Higher 

than 1 

Higher plants 

and algae 

Hasiah and 

Abolins, 1998 

Buru Arang, 

Malaysia 
1.13-1.25 

Planktonic 

and higher 

plants 

 

5.3 Maturity of organic matter related to coal rank 

In this study, biomarkers and non-biomarkers are alternatively used to 

evaluate organic matter maturity in the samples during lithification or diagenetic 

process. Biomarker maturity parameters can be evaluated using terpane and sterane 

distributions obtained from m/z 191 and m/z 217, respectively (El Diasty et al., 2016; 

El Nady, 2008). The maturity results from both study areas are used to correlate the 

coal rank of the samples. The biomarker parameters include Ts/(Ts+Tm), 

moretane/hopane, C31 homohopane isomerization and C29 steranes isomerization. 

Ts (C27 18𝛼(H)-22, 29, 30-trisnorneohopane) and Tm (C27 17𝛼(H)-22, 29, 30-

trisnorneohopane) are used for thermal maturity assessment by the ratio of 

Ts/(Ts+Tm) relatively controlled to some extent by lithology oxicity of the 

depositional environment (Seifert and Moldowan, 1979). Ts is more stable to thermal 

maturity than Tm (Hunt, 1991). The Ts/(Ts+Tm) ratio increases with increasing 

maturity. The values of Ts/(Ts+Tm) ratio range between 0.35 and 0.95, reflecting 

mature organic matter (Peters et al., 2005). The lithology variation may influence the 

value of this ratio, in which clay-rich siliciclastic source rocks are generally higher 

value than carbonate rocks (Peter and Moldowan, 1993; Waples and Machiharia, 

1991). According to the study area, all samples are siliciclastic rocks mainly derived 

from terrestrial higher plants, thus the value of ratio tends to be more directly 

controlled by thermal maturity compared to lithology. The samples in this study are 

divided into three types based on lithology: coal, shale and mudstone. As the result, 

all samples from both basins represent that organic matter is immature to early mature 

stage at the present day (Figure 60) (Peters et al., 2005).  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 102 

The 17𝛽, 21𝛼(H)-moretane is thermally less stable than 17𝛼(H), 21𝛽(H)-

hopane. Moretane can convert to hopane with increasing maturity (Hunt, 1991). Thus, 

the ratio decreases with higher maturation which can be applicable to the immature-

early mature range (Kvenvolden and Simoneit, 1990; Peters et al., 2005) and 

moretane/hopane ratio less than 0.15 indicates mature stage in organic matter (Waples 

and Machiharia, 1991). This ratio values about 0.8 in immature stage and around 

0.15-0.05 in mature stage. As the results, coals from both basins are in mature stage at 

the present day (Figure 60).  

In addition, homohopane isomerization ratio is one of biomarker maturity 

indicators obtained by ratio of the configuration of homohopane isomers between 

biological form (22R) and geological form (22S). As maturity increases, the 22R 

homohopane convert to the 22S isomer. The 22S/(22S+22R) homohopane ratio 

ranging from 0 to 0.6 indicates an increase in maturity. Ratio ranges between 0.50 and 

0.54 suggesting the early oil-generation stage and can be reached from 0.57 to 0.67 

for oil window maturity (Seifert and Moldowan, 1979). The homohopane 

isomerization can be calculated from any or all of C31-C35 homohopane. In this study, 

C31 homohopane is only present in all samples based on triterpene and terpane 

distribution obtained by m/z 191 ion chromatogram. Therefore, C31 homohopane is 

used to assess organic matter maturity and the results show that coals from both 

basins are in immature to early mature stage at the present day (Figure 61) (Peters and 

Moldowan, 1991).  

Moreover, biomarker ratios such as 20S/(20S+20R) and (ββ/ββ+αα) for C29 

steranes are also used to evaluate the level of maturity in organic matter. In the αα C29 

steranes, the proportion of two epimers between biological form (22R) and geological 

form (22S) change depend on the degree of maturity. The 20S form is greater stable 

relative to the 20R form during maturation (Dahl et al., 1993). The 20S increases as 

the result of 20R change configuration into 20S when increasing maturity (Hunt, 

1991). The C29 20S/(20S+20R) ratio increases with increasing maturity ranging from 

0 to 0.5 and values between 0.52 and 0.55 at equilibrium (Hunt, 1991). This 

equilibrium ratio is related to be at or before the peak of oil-generative window, while 

the Ts/(Ts+Tm) ratio can reach the endpoint value in which beyond the peak of oil-

generative window (Peters and Moldowan, 1991). Thus, the ratio of C29 
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20S/(20S+20R) remains constant at equilibrium value after reaching the peak of oil 

window, whereas Ts/(Ts+Tm) ratio increases with increasing thermal maturity. 

Another maturity parameter is the ratio of ββ/ββ+αα derived from ββ and αα of C29 

steranes due to the isomerization at C-14 and C-17 in both 20S and 20R. As maturity 

increases, the αα C29 sterane is biological produce converted gradually into the 

mixture of αα and ββ. The ratios increase from 0 to 0.7 with increasing thermal 

maturity and reach around 0.67-0.71 at equilibrium (Hunt, 1991; Seifert and 

Moldowan, 1986; Waples and Machiharia, 1991). The low amounts of ββ/ββ+αα 

show a low level of organic matter maturity that confirmed other biomarkers maturity 

indicators (Figure 62). 

Biomarker maturity ratios are coincided to EOM/TOC ratio that increases 

when increasing maturity (Tissot and Welte, 1984). In addition, the presence of low 

percentage of saturated hydrocarbon as well as high amounts of NSO-compounds in 

EOM content (Figure 57) (Dević and Popović, 2013). The CPI values also represent 

low maturity containing high CPI values (more than 3.0) in all samples (Figure 59) 

(Peter and Moldowan, 1993). In the log plot diagrams, low maturity is confirmed as 

high isoprenoid/n-alkane ratios (Figure 62) (Shanmugam, 1985; Waples, 1985). 

Based on m/z 191 chromatograms on all samples, hopane, one of pentacyclic is 

relatively higher than C19 tricyclic terpane in concentration, thus this ratio confirms 

immaturity of organic matter (Figure 53 and 55).  

 Based on biomarker maturity ratios mentioned above, these are coincided to 

the previous works. According to Fabiańska and Kurkiewicz (2013), lignite coals 

from Poland are higher amount of C31 homohopane 22R than C31 homohopane 22S, 

reflecting very low values of C31 22S/(22S+22R) ratio. This ratio indicates that lignite 

coals from Poland are in immature stage. In addition to Alias et al. (2012), coals from 

Sabah, Malaysia show the Tm (C2717α(H)-22,29,30-trisnorhopane) predominates over 

Ts (C2718α(H)-22,29,30-trisnorneohopane) with high Tm/Ts ratios. Moretane/hopane 

ratios are present in low values, indicating coals are at early stage of oil maturity 

window (Table 15).   
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Figure 60 The intersection of maturity biomarker parameters indicates immature to 

early mature stage at the present day. 

 
In summary, these biomarker maturity parameters are plotted and overlapped 

to evaluate maturity, showing in the range of immature to early mature in the present 

day (Figure 60). Also, these ratios can be related to coal rank in comparison of 

American Society for Testing and Materials (ASTM). In this study, coals from both 

basins are related to lignite to sub-bituminous A coal which is consistent to coal rank 

from the previous studies (Ducrocq et al., 1995; Muenlek, 1992b; Ratanasthien, 

1984). In addition, the study of thermal maturity is compared to the related coal 

studies (Table 15). The coal rank studies use several different maturity indicators such 

as biomarkers, spores and pollen, vitrinite reflectance and pyrolysis to assess the 

thermal maturity of coals. The maturity can be equivalent to coal rank based on 

ASTM. The coals from various works exhibit that the higher coal rank depends on the 

higher thermal maturity (Table 15).  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 105 

Table 15 The maturity indicator and thermal maturity related to coal rank compared to 

the previous studies. 

Coal Location 
Maturity 

indicator 

Thermal 

maturity 
Coal rank 

This study 

Mae Teep 

basin, Northern 

Thailand 
Biomarkers 

Immature-

early 

mature 

Lignite - 

subbituminous 

A 
Mae Than 

basin, Northern 

Thailand 

Van Minh Le, 

1994 

Mae Moh 

basin, Northern 

Thailand 

Spores and pollen 

and vitrinite 

reflectance Lignite 

Hasiah and 

Abolins, 1998 

Buru Arang, 

Malaysia 

Biomarkers and 

vitrinite reflectance 
Immature 

Ehinola et al., 

2002 

Benue Trough, 

Nigeria 

Biomarkers, 

vitrinite reflectance 

and pyrolysis 

Mature -

overmature 
Bituminous 

Petersen and 

Ratanasthein, 

2011 

Bang Mark 

basin, Southern 

Thailand 

Vitrinite 

reflectance and 

pyrolysis 

Immature Lignite 

Alias et al., 

2012 

Sabah, 

Malaysia 

Biomarkers, 

vitrinite reflectance 

and pyrolysis 

Immature - 

early 

mature 

Subbituminous 

B - high 

volatile 

bituminous C 

Hos-Çebi and 

Korkmaz, 

2013 

North Anatolia, 

Turkey 

Biomarkers and 

pyrolysis 

Subbituminous 

A - high 

volatile 

bituminous C 

Mustapha et 

al., 2017 

Northeast 

Sabah, 

Malaysia 

Biomarkers, spores 

and pollen, vitrinite 

reflectance 

 and pyrolysis 

Lignite 

Gogoi et al., 

2020 

Meghalaya, 

India 

Vitrinite 

reflectance 

 and pyrolysis 

Immature 
Lignite - 

subbituminous 
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5.4 Depositional environment  

 The sterane distribution obtained by using m/z 217 ion chromatograms is 

used to indicate organic matter inputs. The steranes are derived from sterols that 

originate from higher plants and algae (Waples and Machihara, 1991) but they are 

rare in prokaryotic organisms (Huang and Meinschein, 1979; Seifert and Moldowan, 

1979; Volkman, 1986). Generally, steranes are used to study photosynthetic biota 

with regular steranes as an indicator of organic matter sources and depositional 

environments. The C27 steranes prevalent related to marine phytoplankton influence, 

while C28 steranes indicate lacustrine environment associated with algae, yeast, fungi 

and plankton (Waples and Machihara, 1991). A predominance of C29 steranes is 

associated with terrestrial higher plants contribution as well as brown and green algae 

(Volkman, 1986). However, microalgae or cyanobacteria are presented in high 

amount of C29 steranes (Volkman and Maxwell, 1986). The relative amounts of C27, 

C28 and C29 regular steranes are converted into relative percentages and plotted in a 

ternary diagram (Figure 61). Accumulation and preservation of organic matter occurs 

overwhelmingly in aquatic environments, both terrestrial (often lacustrine) and 

marine settings. In fact, terrestrial biomarkers are considered to be preserved 

preferentially in marine sediments compared to marine lipids (Damsté et al., 2002; 

Prahl et al., 2003). Thus, terrestrial source can combine with aquatic source (i.e. 

lacustrine and marine). In this study, all samples from both basins show the highest 

proportion of C29 regular sterane more than 60 % compared with C28 and C27 regular 

steranes, respectively (C29>C28>C27). Thus, both basins have similar depositional 

setting as terrestrial environment.  
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Figure 61 The ternary diagram showing the relative of C27, C28 and C29 regular 

steranes. The red, blue and green circle dots represent coal, shale and mudstone from 

Mae Teep coal mine. The orange, light blue and light green square dots represent 

coal, shale and mudstone from Mae Than coal mine (Huang and Meinschein, 1979). 

 
Isoprenoids such as pristane (Pr) and phytane (Ph) against n-alkanes can be 

generally used as ratios of pr/nC17 and ph/C18 with the log plot of pr/nC17 versus 

ph/C18 proposed by Shanmugam (1985). The log plot provides types of organic 

matter, paleoenvironmental conditions, maturity level and biodegradation degree as 

shown in Figure 62. Isoprenoids are generally more resistant to biodegradation than n-

alkanes (Waples, 1985). Pr and Ph may be high amount as the result of alteration from 

n-alkanes via microbial activity or high biodegradation (Peters and Moldowan, 1993). 

In contrast, n-alkanes can be found in high amount when increasing maturity (Waples, 

1985). As the Mae Teep coal mine results, the depositional conditions can be 

separated based on lithology. Coals and mudstones are mainly present in oxidizing 

terrestrial environment, while shales are indicative of reducing algal aquatic 

environment. In contrast to Mae Than samples, there are various conditions in all 

lithology. Coals are in the range of suboxic terrestrial and algal aquatic mixed 

environment, whereas shales slightly fall in more reducing algal aquatic environment. 
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Mudstones are present in oxidizing terrestrial environment. In addition, coal 

formation is compared between Mae Teep and Mae Than basins based on the 

isoprenoid/n-alkane plot. Mae Teep coals are likely to have higher oxidizing 

condition than Mae Than coals (Figure 62). 

 

Figure 62 The log plot of Ph/nC18 versus Pr/nC17 of both Mae Teep and Mae Than 

samples (Shanmugam, 1985). The circle and square points denote Mae Teep and Mae 

Than samples, respectively. 

 
In terms of paleoenvironmental conditions, pristane (C19H40) and phytane 

(C20H42) are regular isoprenoids provided by m/z 85 chromatogram. These 

isoprenoids are derived from the phytol side chain of chlorophyll molecule (Miles, 

1989). The phytol can be transformed into pristane in oxidizing condition and/or into 

phytane in reducing condition of depositional environment. The pristane/phytane ratio 

(Pr/Ph) is used to suggest paleoenvironmental conditions of the source rocks and 

organic matter source (Chandra et al., 1994; Large and Gize, 1996; Powell, 1988) and 

are considered as potential indicators of the redox conditions during sedimentation 

and diagenesis (Didyk et al., 1978). According to (Didyk et al., 1978), the Pr/Ph ratio 

values lower than 1.0 represented the anoxic condition associated with hypersaline or 

carbonate environment (Peter and Moldowan, 1993), while oxic condition values 

more than 3.0 including prevalence of terrigenous input (Peters et al., 2005). In 
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addition, intermediate or suboxic condition ranges from 1.0 to 3.0 (Waseda and 

Nishita, 1998). As the Mae Teep samples, there are difference in the conditions of 

depositional environment which can be separated based on lithology. Coals, shales 

and mudstones relatively indicate oxic, anoxic and suboxic conditions, respectively 

(Figure 63a). However, Mae Than samples show various conditions in all lithology. 

The studied samples are mostly common in suboxic and anoxic conditions, except 

coal (sample ID TC15) (Figure 63b). Wood fragment can be preserved in shale under 

anoxic condition during the deposition (Figure 51).    

 

Figure 63 The lithostratigraphy correlates with pr/ph ratio and gammacerane index of 

(a) Mae Teep coal mine, (b) Mae Than coal mine. 

 
Furthermore, gammacerane is a major biomarker for interpretation of 

lacustrine and marine types in sediments. Also, it can be used to evaluated as 

indicator of salinity of water column and a marker for photic zone under anoxic 

condition during deposition (Sinninghe Damste et al., 1995). Gammacerane is 

generally derived from tetrahymanol in bacterivorous ciliates living at the boundary 

between high salinity water lower layer and less salinity water upper layer (Brassell et 

al., 1983). The gammacerane index can be calculated by gammecerane/17𝛼(H)-

hopane ratio. The high ratio value reflecting a highly saline depositional environment 

associated with evaporitic carbonate deposition and low terrigenous input (Peters and 

Moldowan, 1991). Gammacerane is also typical of hypersaline in marine and non-

marine depositional environments (Moldowan et al., 1985). However, the relatively 
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high amount of gammacerane can be found in freshwater lacustrine sediments 

(Sinninghe Damsté et al., 1995). Thus, gammacerane index is indicative of water-

column stratification. As the Mae Teep results, gammacerane index can be separated 

based on lithology. Coals, shales and mudstones relatively indicate low, high and 

moderate water stratifications, respectively (Figure 63a). In contrast to Mae Than 

results, all samples mostly fall in low stratification, except mudstones (sample ID 

TM1 and TM5) (Figure 63b). 

In summary, gammacerane index is plotted and compared to Pr/Ph ratio in 

order to indicate the relationship between lithology and water level during the 

deposition (Hunt, 1991; Peter and Moldowan, 1993; Waples and Machihara, 1991). 

There are similar trends of gammacerane index and Pr/Ph ratio from both basins. The 

greater pr/ph ratio in samples show the lower gammacerane index suggesting oxygen 

level related to the water stratification in the basin (Figure 63). The coal formation is 

contributed to require more oxygen level in shallow water in the basin. While, the 

shale formation is typical of low amount of oxygen level in bottom of the basin. In 

addition, the high gammacerane index in Mae Teep shales is regarded as an indicator 

of highly reducing and hypersaline conditions in stratified water column (Moldowan 

et al., 1985) and/or different stratified lacustrine setting (Sinninghe Damsté et al., 

1995). Thus, the two main water layers control the coexistence of coal and shale 

formation including high-oxygen water layer and oxygen deficient layer (Figure 65).  

 

5.5 Comparison between Mae Teep and Mae Than basins 

In this study, Mae Teep and Mae Than basins are interpreted that coal 

formation requires high level of oxygen content, probably related to suboxic to oxic 

condition of depositional environment (Figure 64). The difference in coal formation 

in these two basins is the different redox condition in the individual basins. Local 

water level within basins may be controlled the organic matter inputs and coal 

formation. In addition, the basin geometry can be one of the main factors to control 

local water level within the basins. Generally, shales samples in this study are 

interpreted to be deposited under anoxic condition in high water level. Consequently, 

this condition provides algal materials originated from bloom of planktonic algae 

settling to the bottom of the basin where is little to no oxygen content. In addition, the 
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formation of oil shale can be found in Mae Teep basin which can lead to the fact that 

aquatic algae are a major source for oil generation (Li et al., 2016; Tissot and Welte, 

1984). Mudstones contain low amount of organic matter based on low TOC and EOM 

contents. The formation is deposited mostly in suboxic condition during the low 

productivity.  

The schematic models proposed in this study can be grouped into three 

lithology. Unit A is shale and oil shale formation deposited in anoxic condition which 

is related to high water level (deep part of the lake). Unit B is mudstone formation is 

commonly present in suboxic condition which is related to moderate water level 

(shallow part of the lake). Unit C is coal formation is considered as oxic conditional 

environment which is related to low water level (e.g. marsh/bog near the lake) (Figure 

64).  
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Figure 64 The schematic model of three different types units provide the different 

lithotypes formation including Unit A: Shale and oil shale formation, Unit B: 

Mudstone formation and Unit C: Coal formation related to deep part, shallow part and 

marsh/bog in lacustrine environment, respectively (Setyobudi et al., 2016). 

 

In comparison, Mae Teep basin is likely characterized by a small basin with a 

steep slope margin during the sediment deposition (Figure 65). Thus, a slight increase 

in the water level may shift from marsh/bog near the lake to shallow part of lake 

which is related to oxic and suboxic condition (Figure 64). The rise of water level in 

the steep basin may easily develop anoxic-deep water in the middle of the basin. The 

development can be occurred shale and oil shale formation. In contrast to Mae than 

basin, the basin is considered as a large basin with a gentle slope margin (Figure 65). 

The shift of water level may have little influence in the change of the depositional 
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conditions. As the water level increase, the condition is difficult to shift from oxic to 

anoxic. Thus, oil shale formation may not find in Mae than basin.  

The schematic model is purposed for illustrate and separate between Mae 

Teep and Mae Than basins based on the basin geometry. The model consists of lakes 

with bordering marsh/bog and two layers of water stratification including oxic to 

suboxic and anoxic layers in the middle of lake (Figure 65). The difference in 

lithology such as coals, shales and mudstones and the study of biomarkers suggest 

that there is the fluctuation of dry and rainy seasons of tropical climate during the 

deposition of sediments in these basins (Friederich et al., 2016). The depositional 

environments of these two basins have been open lakes adjacent to marsh/bog areas in 

which provides source of vegetation (Figure 64).   

 

Figure 65 The schematic model of relative water level dependent on environmental 

conditions in (a) Mae Teep basin and (b) Mae Than basin, showing the difference in 

basin geometry (Yin et al., 2019).  
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 Furthermore, the previous coal studies of the depositional environments and 

their conditions are compared to this study. The coal formation can be occurred in 

various environments, particularly terrestrial swamp lake. The depositional conditions 

mostly vary from suboxic to oxic condition to deposit coal formation. Some studies 

reveal that coals can be formed in anoxic with marine environment and/or marine 

influence (Table 16). In addition to oil shale and shale formation, the rocks are mostly 

typical of anoxic to suboxic condition. The lake environment is commonly found in 

this formation (Table 17).       

 
 
Table 16 The depositional environments and their conditions of coals compared to the 

previous studies. 

Coal Location Condition Environment 

This study 

Mae Teep basin, 

Northern Thailand 
Oxic Marsh/Bog near lake 

Mae Than basin, 

Northern Thailand 

Suboxic - 

oxic 

Marsh/Bog near lake-

shallow part of lake 

Van Minh Le, 

1994 

Mae Moh basin, 

Northern Thailand 

Suboxic - 

oxic 
Swamp forest/lake 

Hasiah and 

Abolins, 1998 

Buru Arang, 

Malaysia 
Suboxic Swamp freshwater lake 

Ehinola et al., 

2002 

Benue Trough, 

Nigeria 
Oxic Shallow marine 

Petersen and 

Ratanasthein, 

2011 

Bang Mark basin, 

Southern Thailand 
Anoxic 

Freshwater peat mire with 

minor saline water 

Alias et al., 2012 Sabah, Malaysia Oxic 
Terrestrial with minor 

marine influence 

Hos-Çebi and 

Korkmaz, 2013 

North Anatolia, 

Turkey 
Suboxic Lacustrine swamps 

Mustapha et al., 

2017 

Northeast Sabah, 

Malaysia 
Anoxic - oxic 

Mangrove to lower 

coastal plain 

Gogoi et al., 

2020 
Meghalaya, India Oxic - anoxic 

Wet swamp with marine 

influence 
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Table 17 The depositional environments and their conditions of shales and oil shales 

compared to the previous studies. 

Shale and oil 

shale 
Location Condition Environment 

This study 

Mae Teep basin, 

Northern Thailand 

Anoxic - 

suboxic 
Deep part of lake 

Mae Than basin, 

Northern Thailand 
Suboxic 

Deep to shallow part of 

lake 

Van Minh Le, 

1994 

Mae Moh basin, 

Northern Thailand 

Anoxic - 

suboxic 
Swamp forest/lake 

Curiale and 

Gibling, 1993 

Mae Sot basin, 

Northern Thailand 
Anoxic Lacustrine 

Hasiah and 

Abolins, 1998 
Buru Arang, Malaysia 

Anoxic - 

suboxic 
Flooding lake 

 

In summary, the biomarker distributions and their related parameters can be 

characterized the organic geochemistry of the studied samples. The results of 

biomarker parameters are shown in Table 18 and compared between Mae Teep and 

Mae Than samples. As those results, the rocks of this study from Mae Teep and Mae 

Than basins can be interpreted and divided based on lithology. Each lithology exhibits 

the difference in organic richness, organic matter inputs, thermal maturity, 

depositional environment and its condition (Table 19). The studied coals can be 

evaluated coal rank from the thermal maturity assessment based on ASTM (Table 19).     

 

Table 18 The organic geochemical characteristics of the studied samples based on 

biomarkers and related parameters. 

Lithology Coal Shale and oil shale Mudstone 

Location Mae Teep 
Mae 

Than 
Mae Teep 

Mae 

Than 

Mae 

Teep 

Mae 

Than 

TOC (wt. %) 
30.12-

73.71 

23.48-

52.20 

4.82-

19.49 

14.00-

24.87 

0.88-

4.92 
0.59-5.98 

EOM High Moderate High Low 

EOM 

fractions 
NSO-compounds > Aromatic > Saturated hydrocarbons 

n-alkane 

distribution 
Long-chain > Mid-chain > Short-chain n-alkanes 

CPI Moderate- Moderate Moderate Low Moderate 
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high 

ACL Moderate (narrow range) 

Paq Low 
Low-

moderate 

TAR High 

NAR High 

Sterane 

distribution 
C29 > C28 > C27 

Pr/nC17 High Moderate Low 

Ph/nC18 Moderate High High Moderate Low 

Pr/Ph High Moderate Low Moderate Moderate 

Gammacerane 

index 
Low 

Moderate-

high 

Low-

moderate 
Moderate 

 

 

Table 19 The interpretation of organic geochemical characteristics of the studied 

samples. 

Lithology Coal Shale and oil shale Mudstone 

Location Mae Teep Mae Than 
Mae 

Teep 

Mae 

Than 

Mae 

Teep 

Mae 

Than 

Organic 

richness 
High Moderate Low 

Type of 

organic 

matter 

Terrestrial higher plants 

Terrestrial higher 

plants with minor 

fresh water algae 

Terrestrial higher 

plants 

Thermal 

maturity 
Immature-early mature 

Coal rank 
Lignite-subbituminous 

A 
- 

Condition Oxic 
Suboxic-

oxic 

Anoxic-

suboxic 
Suboxic Oxic 

Environment 
Marsh/Bog 

near lake 

Marsh/Bog 

near lake-

shallow 

part of 

lake 

Deep part 

of lake 

Deep to 

shallow 

part of 

lake 

Shallow part of 

lake 
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Chapter VI 

Conclusions 

 

 The organic matter quantitative analysis of the studied samples mostly 

exhibits high amount of organic matter which meets a good to excellent hydrocarbon 

generation potential for source rocks, except some mudstone samples based on TOC 

and EOM contents.   

The biomarkers and their related parameters exhibit distributions and 

abundances performed by using GC-MS analysis. The studied samples from Mae 

Teep and Mae Than basins are analyzed to characterize these parameters in order to 

interpret types of organic matter, depositional environments and their conditions and 

to assess thermal maturity of the coal samples.  

For thermal maturity assessment, the coal samples from both Mae Teep and 

Mae Than basins are immature to early mature stage at the present day based on 

biomarker maturity indicators and are equivalent to lignite – subbituminous A coal 

based on ASTM coal rank. 

The n-alkane distribution and their related parameters provide the types of 

organic matter. The organic matters are mainly contributed of terrestrial higher plants 

with minor fresh water algae in all studied samples. 

Based on isoprenoid/n-alkane, Pr/Ph ratio, gammacerane index and regular 

steranes, the depositional environments and their conditions are interpreted that the 

Mae Teep coals occur in oxidizing terrestrial environment, whereas the Mae Than 

coals are typical of mixed terrestrial and aquatic environment under suboxic 

condition. Shale in both basins exhibit to deposit in suboxic to anoxic aquatic 

environment. During the low productivity, mudstones can be occurred mostly in 

suboxic condition, showing low amount of organic matter. An association of algae in 

the high water level or deep water lake with anoxic condition may lead to oil shale 

formation.   
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Appendix 

Table 20 The peak identification of triterpene and terpane distribution. 

Peak Formula Weight Identification 

a C27H46 370 18𝛼,21𝛽-22,29,30-Trisnorhopane (Ts) 

b C27H46 370 17𝛼,21𝛽-22,29,30-Trisnorhopane (Tm) 

b C29H50 398 17𝛼,21𝛽-30-Norhopane 

d C29H50 398 29Ts 

e C29H50 398 18𝛼,17𝛼-Methyl-28,30-dinorhopane 

f C29H50 398 Oleanane 

g C29H50 398 17𝛽,21𝛼-30-Normortane 

h C30H52 412 30Ts 

i C30H52 412 17𝛼,21𝛽-Hopane 

j C30H52 412 17𝛽,21𝛼-Moretane 

k C31H54 426 17𝛼,21𝛽-30-Homohopane (22S) 

l C30H52 412 Gammacerane 

m C31H54 426 17𝛼,21𝛽-30-Homohopane (22R) 

 

Table 21 The peak identification of sterane distribution. 

Identification Formula Weight 

Cholestane C27H48 372 

Ergostane C28H50 386 

Stigmastane 

-5𝛼-Stigmastane (20S) 

-5𝛼,14𝛽,17𝛽-Stigmastane 

(20R) 

-5𝛼,14𝛽,17𝛽-Stigmastane 

(20S) 

-5𝛼-Stigmastane (20R) 

C29H52 400 

C30 sterane C30H54 414 
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1. m/z 85 ion chromatograms showing n-alkane and isoprenoid distribution 

1.1 Location: Mae Teep coal mine 

Sample ID MS1 Shale 

 

Sample ID MS2 Shale 

 

Sample ID MC3 Coal 
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Sample ID MS4 Oil shale 

 

Sample ID MS5 Oil shale 

 

Sample ID MC6 Coal 
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Sample ID MS7 Oil shale 

 

Sample ID MC8 Coal 

 

Sample ID MC9 Coal 
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Sample ID MC10 Coal  

 

Sample ID MM11 Mudstone 

 

Sample ID MC12 Coal 
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Sample ID MC13 Coal 

 

Sample ID MC14 Coal 

 

Sample ID MC15 Coal  
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Sample ID MM16 Mudstone 

 

1.2 Location: Mae Than coal mine  

Sample ID TM1 Mudstone 

 

Sample ID TM2 Mudstone 
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Sample ID TC3 Coal 

 

Sample ID TC4 Coal 

 

Sample ID TM5 Mudstone 
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Sample ID TS6 Shale 

 

Sample ID TS7 Shale 

 

Sample ID TC8 Coal 
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Sample ID TC9 Coal 

 

Sample ID TC10 Coal 

 

Sample ID TC11 Coal 
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Sample ID TS12 Shale 

 

Sample ID TC13 Coal  

 

Sample ID TS14 Shale  
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Sample ID TC15 Coal 

 

2. m/z 191 ion chromatograms showing terpane and triterpene distribution 

2.1 Location: Mae Teep coal mine 

Sample ID MS1 Shale 

 

Sample ID MS2 Shale 
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Sample ID MC3 Coal 

 

Sample ID MS4 Oil shale 

 

Sample ID MS5 Oil shale 
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Sample ID MC6 Coal 

 

Sample ID MS7 Oil shale 

 

Sample ID MC8 Coal 
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Sample ID MC9 Coal 

 

Sample ID MC10 Coal  

 

Sample ID MM11 Mudstone 
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Sample ID MC12 Coal 

 

Sample ID MC13 Coal 

 

Sample ID MC14 Coal 
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Sample ID MC15 Coal  

 

Sample ID MM16 Mudstone 

 

2.2 Location: Mae Than coal mine  

Sample ID TM1 Mudstone 
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Sample ID TM2 Mudstone 

 

Sample ID TC3 Coal 

 

Sample ID TC4 Coal 
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Sample ID TM5 Mudstone 

 

Sample ID TS6 Shale 

 

Sample ID TS7 Shale 
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Sample ID TC8 Coal 

 

Sample ID TC9 Coal 

 

Sample ID TC10 Coal 
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Sample ID TC11 Coal 

 

Sample ID TS12 Shale 

 

Sample ID TC13 Coal  
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Sample ID TS14 Shale  

 

Sample ID TC15 Coal 

 

3. m/z 217 ion chromatograms showing and sterane distribution 

3.1 Location: Mae Teep coal mine 

Sample ID MS1 Shale 
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Sample ID MS2 Shale 

 

Sample ID MC3 Coal 

 

Sample ID MS4 Oil shale 
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Sample ID MS5 Oil shale 

 

Sample ID MC6 Coal 

 

Sample ID MS7 Oil shale 
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Sample ID MC8 Coal 

 

Sample ID MC9 Coal 

 

Sample ID MC10 Coal  
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Sample ID MM11 Mudstone 

 

Sample ID MC12 Coal 

 

Sample ID MC13 Coal 
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Sample ID MC14 Coal 

 

Sample ID MC15 Coal  

 

Sample ID MM16 Mudstone 
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3.2 Location: Mae Than coal mine  

Sample ID TM1 Mudstone 

 

Sample ID TM2 Mudstone 

 

Sample ID TC3 Coal 
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Sample ID TC4 Coal 

 

Sample ID TM5 Mudstone 

 

Sample ID TS6 Shale 
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Sample ID TS7 Shale 

 

Sample ID TC8 Coal 

 

Sample ID TC9 Coal 
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Sample ID TC10 Coal 

 

Sample ID TC11 Coal 

 

Sample ID TS12 Shale 
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Sample ID TC13 Coal  

 

Sample ID TS14 Shale  

 

Sample ID TC15 Coal 
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