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ABSTRACT

SOURCE ROCK/GEOCHEMISTRY/ORGANIC PETROLOGY/PYROLYSIS/VITRINITE

REFLECTANCE/ THERMAL MATURATION

Mae Teeb basin is a small basin with organic deposits located in Lampang province, northern
Thailand. This research objective is 1) to study lithologic type, facies, and lithostratigraphy, 2) to
identify potential petroleum source rocks in Mae Teeb basin using geochemical analysis and organic
petrography techniques, and 3) to assess depositional environment and characteristics of potential
petroleum source rocks in Mae Teeb basin. A total of 44 samples from Mae Teeb coal mine was
collected in vertical succession from the present mining face. They were from 3 main organic units,
including 14 oil shale, 26 coal, and 4 leonardite samples. Petrographic and geochemical analyses of
samples were undertaken to interpret their depositional environments and petroleum potentiality.
The petrographic study shows that macerals are mainly liptinite and vitrinite. These indicate from
the bottom to the top of the depositional environment, which changed from a shallow swamp, a
forested swamp, and a stagnant lacustrine, respectively. Geochemical analyses show an average of
57.28 wt.% ash, 28.45 wt.% volatile matter, 14.28 wt.% fixed carbon, 23.44 wt.% carbon, and 3.17
wt.% hydrogen. Pyrolysis analyses show an average of 23.04 wt.% TOC, 1.47 mg/g of oil yield
(S1), 53 mg/g of kerogen yield (S2), 5.57 mg/g of CO, content (S3), and maximum temperature
(Tmax) ranges between 422 °C and 434 °C. The genetic potential (S1+S2) of the studied samples is
very high and varies from 22.13 to 72.12 mg/g which indicates their excellent source rock
potentiality. In addition, the vitrinite reflectance of the studied samples ranges between 0.31 and

0.50 %Ro indicating that the thermal maturation is the immature to early mature stage.
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Y 1 9 4
neloneuNanazneu luaA I NIV UNINNIDINLIAA1VU13A (Coarse fluvial-
v 1 a 1 1 a A g’: I a
lacustrine sandstone) ﬁq@giuﬂmwuumaaﬂ (Mae Sot Formation) a2u#iuanuiuyaiiu
=) v v oA Y o A A =)
weNuAUHuaUn el Tnsiaew
' ' . Z 9 X dy o A
uRUNARA (Mae Sot Basin) A39glUNUNAIUAL TUANVDINIAN LDV
9 = =\ ddy ~ U a
dszmalne uazvered lUfedszmeniiouyn TNufiasounguinnnal 700 @15190 lawas

[ dyw 1 Y So‘ v 9 a " YA o [ a) =
LL@Q@Sﬂ@‘L!“L!ENllllllﬂ"liWﬁl‘L!"I‘L!”IiJ‘L!LLﬁSﬂ"I“])"ﬁiS?JﬂfW] Lm"lﬂiJﬂ"liﬁ”li’JilﬁﬂEJﬂ"IW‘]JIG]?L’GEJ?J‘W“]J

YSnadr3eeveaiiuringy (Ol shale) Uszusr 18 WHAMAY (Chaodumrong et al., 1983) Hiu
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901 v A d' 4 a =4 ] [ =S = =
UULSmasv0INIs VO UAITBUNIIT I (TOC) Y 1UFII 20% VA1 TOC gaD3 63% UA
A A 4
MIazNoULAIURIINT 1A Ueua 0.4%Ro (Gibling et.al., 1985)
. 9 = a o A P
Ratanasthien et al. (1992) latauomamsAnyINITIATIZY Iagllszunanas Mg
= . . . 1 a j’ A 1 1 a 9 9 1
Iﬂﬂam’ﬂﬂﬂ (Proximate and ultimate analy51s) mmmuwuiuwummmmuwumuLJ, ‘muTaq U1
1 [l % L) a o 1 a
nae uha wiaeun wazunse WHIA WY HAMTAATIZH Inelszumvoniuiull
Y Y
USUUANUFY 14 — 47 % USIUATTLUNY 25 — 49 % T 2.2 — 25 % uazilSum
4 d' a o =1 A A 4 =Y
AMIVDUAIN 16 —41 % WANTUATIEH Iasazdea HUSuamsueu 29 — 65% UsualaTanu
1% 4
0.8—6.7% Usua'luTasmu 0.24 — 1.28 % vazlSuadames 0.27 - 5.6 %
Y v
Petersen et al. (2006) 1dsiin1snaaeuriutinuazouivuvesdszmalneg Fawans
d‘ 1 dyl =) EO/ [+%) =)
naaeu lauaaslumsiei 2.1 vag 2.2 Taswamsanuuarnruiiuveslszmalnehann
¥ y 1 =S 1 1 1]
msazaudr ludnimmadeuuuuihiaainies A1 TOC oglur9 37.1 to 44.18 % Tag
¥ v Al W J J ' 4 . ' ] ] 1 Ayd
iin Iaeasidiuszninlalasnudensuen (H/C ratio) 9g 11529 0.80-0.90 H919%0 4
1 a 4 a Al v A
ﬂquaﬁauﬁ%ﬂ 19 159U ¥ia 3 (Type III kerogen)uazummu"laimﬁ]u (Hydrogen index;
1 ] X [ dy 1 k¢ [ a ﬂoJ @ [
HI) 8¢ 11949 50-300 mg HC/g TOC @461 HI T U93D3ANan Myedn15inaveainiumsenis
a gl,: a a %,’ [} 1 1a 4 4
$550%18 9N 1UNITANHIAAIITIUUIVBIRUUITUNYINUTOUNT (Maceral) MW Tu
o ] 1 dyd 1A A J . .. ] J ' ' 1a A J
dedrunartilunguala’lud (Liptinite maceral) Fsaulnanuninaivite usouniduea
a 4 a a 4 a %} o 1 dy [ 1 1
31Ud (Alginite) ¥11aa11713 11 (Lamalginite) 910HUUTUVD9L899 1BIU1F09 LazLIAZN
1A ~ a o’dyd 1 9 Aa a 4 1 1 2 d ]
usounsgand luaiilismnsazionundsvoaing lud oglugie 0.1 - 0.28 %Ro Fuiluras
U d' 4 U 1 dyo/ ] 1 a Yy A [ 1
¥99A1 Ro Nassznovlalasamiveoulunasartideluamnsonomalaniedslign
(Thermal immature) @711 Ro Y0A108190 11U AU 1N 06119529 0.38-0.47 %Ro sntiuniy
y Z [ a %,’ o . . [
AuveausId1e TAUNIND 0.59 %Ro Tagna hliunisnemauoa1ingiy (Oil window) 1o
A== ] 1 1 =
aznoumesIFgivoszina lne ogluragilszuna 0.82 %Ro (HBIGWITULYT) - 0.98 %Ro

(1o9rh9)
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a A o A A 1 a
M319 2.1 Goyamsanznauauiuiiall Tnsidenvean1uiu (Peterson et al., 2006)

' ANNYY | UM C | H| N | S 0 | H/IC | O/C
93N NOU

% % (dry) % (d.a.f) Atomic ratio

#a 1.25 4875 | 7022 | 467|181 6711659 |0.80 | 0.18

a 11.04 | 266 77.12 | 5.12 | 1.40 | 0.44 | 1592 | 0.80 | 0.16

AN 12.77 21.33 70.84 | 5.54 | 238 | 1.79 | 19.45 | 0.94 | 0.21
HUIENA 15.50 7.04 68.02 | 4.67 | 2.01 | 1.79 | 19.36 | 0.81 | 0.21
LGN 9.87 8.76 69.36 | 5.20 | 1.61 | 5.94 | 23.24 | 0.90 | 0.25

RN 5.70 20.90 70.65 | 6.45 | 1.93 | 0.58 | 18.70 | 1.10 | 0.20

a A 0o A A a ?,/ o
1319 2.2 %’ayjami’;mﬁwwuﬁ’ummaﬁmﬁﬂmawuumu (Peterson et al., 2006)

' ANNTY | UM C | H|N S 0 |H/C| O/C
UINATNOU
% % (dry) % (d.a.f) Atomic ratio
a 2.33 52.73 60.73 | 7.64 | 1.40 | 16.94 | 26.6 1.53 | 0.175
LU 3.83 89.34 40.86 | 9.80 | 3.71 | 8.94 36.71 | 2.90 | 0.68
HUADA 2.75 54.38 66.32 | 8.72 | 1.81 | 1.82 2133 | 1.57 | 0.25
‘Lﬂg’k’N 3.12 50.25 59.32 | 7.46 | 1.88 | 7.49 23.86 | 1.51 | 0.305

Ratanasthien (1997) lashdnyunedfuriiavesaniieluiudusutiadl Tas@eonly
A =2 o a 1 A 1

ﬂ'lﬂ!ﬂu'f)ﬂlf]ﬂﬂi%l,ﬂﬁhlﬂﬂ INHNANTITFANY ﬁ'lll15’0ﬂ'ILLUﬂﬂ)'uﬂle'fNﬁ'Wiiﬁlﬂi@@giugﬂll‘ﬂ‘ﬂ

1a A J a J IS 1 Y .. . 1 1
ﬂl@ﬂ!ti@u%‘iﬂll,@aﬂulu@l 'E]f]ﬂ!,ﬂu 2 nauy lliﬁ"’ll,!,ﬂ Telalginite t481& Lamalginite Iﬂﬂﬂqm’fﬂ’ﬂi'lﬂ

.. =Y 1 Y I A =) Y 1 a

Telaginite llﬁﬂi&lﬂl%ﬂ@u"lﬂ\ilﬂugﬂﬂi\?ﬂﬁh'ﬁi@‘ﬂi\ﬁ ﬂigﬂﬂﬂﬂﬁﬂﬁ'lﬁi'lﬂ%uﬂ Botroyococcus
braunii ¥UA Botryococcus sp. ¥UA Pila sp. UASBUA Reinschia ?'(’Juﬂ’cjm GALTERLY Lamalginite
o = 1 1 dy Y 1 dy 9y %}
ﬂ‘]&lm$§ﬂﬂiﬂliﬂ’m'l'3 l,l,ﬁ5ﬁ"lﬂi'lflﬂtjlluﬁ'lll'liﬂGl‘]fﬁluﬂ'li‘ﬂQ‘]fﬁ'ﬂ'lWlL'J@ﬁf]iJL!UUﬂmﬁﬂ'lUu'l

A 2 2 a 9
AN UDIIN Gll.lﬁﬂT)%J;]ll’EﬂﬂTﬁll‘]Jﬂiﬂu
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Ratanasthien (1999) l@mmsfnAanssamivesiudusiuiiatl Tasdenlune s
HamsAnLaa T uaz neuA a1 e aUB Ak aNLITiBe Alginite A (Botryococcus sp.)
dau%uﬁumﬂ@umuﬂmwmﬂzjmm Alginite B «T?uﬂuami'mﬂ’gjuﬁﬁgﬂmwm wiln
Botryococcus braunii W Pila algae 394N UABUUUBIFUTUAL DY drulvgnuaviig
Alginite B (¥H@ Botryococcus SIUNUWHA Pila algae) ¥UA Reinshia wazil5u ludimumsinm
Tunsaninen Tudmumeneumilovewss danlnajwuriia Reinshia Hundn vaziidiuma

aouldveaussaiulvany Lamalginite

2.2 u@IAY (Mae Teeb basin)

9 v 9
ounuluuguidugndrsanuaiwsnlae Piyasin (1972) 9 ladrsonusuniuiu
A o Y a a v 3 I 3 ' A ' A A
numsnaauAlgiuANAIY  aunveaiiuuay  Jutesaznauiedluyieegmesires
9 gl.: 1 a g}/ é =1 9 =K o 1 d' A
UsenpUMesuIIUiULazFUAZNBY  FINANUARIEAAINLBINNBUBYS TUMAM LYY
Uszime Ineg (Gibling and Ratanasthien, 1980; Gibling, et al, 1988; Ratanasthien, 1992)
Department of Mineral Resources (DMR) (1980) lavhimisdisnauazinnzvigudiing
Y
wuuewiAuTanyuzMINeiIed lunuaiiio-1d msneirvesuiiuazneunveuAIY
@ @ 1 4 <
AZIUAN HUINTINAD N 10— 30°E Hazayuidoan 1szun 20 - 40° Tasuselisodouvuiaran
9
wmmuuazLzmmﬂauﬁgﬂé'amauﬁ’awuiumqmq Permian-Triassic rocks
' 14 = 1 12 Y a a .
drudrunouiiovednesuiay Ysznon lUdrefiunsiee1gyusadn (Jurassic
sandstone) LNTNATUAWAUAUAIUIAZHUNTIANY (DMR, 1994) (319 2.1) @audunould
YoueIlsznoualgiuAuaIU Auns1e nunireuds dulnau Aunsiauu waziuyu o1y
Insueadn uazdrumuaziuanueousouaonUAR UNIILAID1Y INTIUOAFN (Triassic Pha
Daeng)
o o 2’_, a Jd A A 1 2 9 a a
AAuFURUAzNOULIYMBSITET luus iy Usznoudies Hunsie Aunsents
a a a a 1 v W ] a A g a
AunTIavutaziuauau Iaeiuaznoumaiinedmveguuiuguiduiuueiylns
F4
HOATN HAZNNMUAZTUBDNUB B HUAZNBULTNITINAIOGUURUY WD YT RO ULY
Jd A = a v Y [ = A Y ' 12 J
moilioudsInsueadn ludiuduaz fuansudineumiionazldvesusaify wungu
a a X J A . . 2
‘HugL"1J1U],1/\|’E)1thﬁ‘il,l,’é)ﬁﬁh'ﬂﬂﬁLW@iLiJEJu (Piyasin, 1957; Chaodumrong et al., 2002) 51892108

Y v
YBIMAUF UK UVDILDINAD taadlua1519N 2.4
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S

64000 \

2060000 CHANG WAT LUMPANG M
pr ;&L]J . K

LEGEND

Sedimentary and Metamorphic rocks

Qa | Alluvial deposits: gravel, sand,
silt, clay, and mud.

Ot Terrance deposits: gravel, sand,
silt, clay, and lateritic soil.

Unconsolidated sediments, read
to brown clay and silt, lignite
agiliceous limestone with
gastropod fossil

IGNEOUS ROCKS

Olivine basalt, gray to dark
Jray, vesicular texture, flow
structure (Pahoehoe) with some
volcanic bomb and scoria.

SEDIMENTARY AND METAMORPHIC ROCK

Clay stone, agiliceous limestone interbeded with mudstone and
Jk siltstone with fossil

Congomalate, reddish brown sandstone interbedded with
mudstone and clay stone

Dark gray Clay stone interbeded with thin to thick sandstone

Gray Limestone, massive to bedded

Sandstone, Silt stone, Clay stone and read conglomerate.
(Limestone Group Pha Daeng Formation)

= < aa ' e A4 o
ETJ‘YI 2.1 UHUNBTUINGIVOILOIUUAVLAZWUN IAeToD (']JS?J']J?Q%"Iﬂ DMR, 1994;

Charoenprawat et al., 1994)
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Y
M9 2.3 AUTUHUVowBwiAULaz iU 1a850L (Chaodumrong et al., 2002)

Age Units

Quaternary Alluvial deposits: gravel, sand, silt, clay, and mud.

Terrace deposits: gravel, sand, silt, clay, and lateritic soil.
Erosional Surface

Tertiary Interbedded claystone, sandstone, mudstone, diatomite, and shale with

fossil leaves, stems, bone of fish, and Viviparus sp.
Unconformity

Jurassic Sandstone, purplish brown, fine-grained, calcareous, interbedded with shale,
reddish brown, limestone nodules; shale, gray, intercalated with sandstone,
fine-grained; and conglomerate.

Triassic Upper Triassic divided into 2 units are 1) limestone, gray, massive to

bedded; shale and sandstone, gray to greenish gray; with fossil Cassianella
sp. and brachiopods, and 2) shale and sandstone, gray to greenish gray;
siltstone; mudstone; conglomerate; and limestone; with fossils Halobia sp.,

Cassianella sp., Liostrea sp., Unionites sp., and bivalves.

Middle to Upper Triassic: Pha Daeng Formation of Lampang group
(Piyasin, 1975) consists of sandstone, red to reddish brown, cross-bedded;

siltstone, conglomerate and shale.

Unconformity

Permo-Triassic

Igneous rocks; Olivine basalt, gray to dark gray, vesicular texture, flow

structure (Pahoehoe) with some volcanic bomb and scoria.

Permian

Limestone interbedded black shale, gray sandstone, dark gray mudstone and
gray limestone with chert nodules; intercalated with fossiliferous limestone
and mudstone, abundant fossils of Paleofusulinasinensis ( Sheng) and
common Colaniella cf. lepida (Wang). Assemblage with fragments of

crinoid stems, bivalves, and blue algae coated by oncolith.
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Y 4
ﬂWﬂﬂﬁﬁﬂ‘]&l'liﬁﬂ‘ﬂ%uﬁuﬂ%ﬂ@uﬂl@ﬂl!ﬂ\‘llmaﬂ Ta® Ratanasthien (2011) WUNBUNU

=\ g ] Y I g/’ = o dy
AZNOUNANUHUINIHNAYTZIY 100 1WAT ﬁ"liﬂiﬂll‘].l\i@@ﬂllﬂlﬂu 3 YU ANITIYALIDYAAIU

D

2)

3)

Y Y
FuaznoulABUDIURY (Underburden)  1AMNHUININDS 50 a3 luaiu

Y
=) 1

1 g’.: [} Y a =\ g =) =
ADUANUDIFUU muiwmﬂazﬂmJmﬂﬂumummamwﬂumm LERPRN
1 gj dy 1 1 9 a a = =
N UASFIUADUUUUDIFUY mu“lwmuﬂizﬂeumwuﬂumummm
Y v
FUDIUHUNAN (Main Coal Seam) FUDUAUTANUHUITIN YT 30 1UAT
[ ] 1 a g‘; 1 a [ g a <3 zg 1 a o
anpazn lWysaoudu lusua Ui unudnil YaNuuUn euuuuaz
AUNMNUAZINTADIUTUOY LTI Sub-bituminous D3 high-volatile bituminous
1 1 gﬂ dy 9 g’/ 1 a d' 9 a A dy
Cc luaiuseuaavearu sz nouAeFUDIURUNUNTNASHUAUAIUILD
1 g’/ 9 3’/ U a g’/ 1 d'
ﬂ“u luaiuseunaavesry Usznoualerua Uiy HASFUDIUUNE NUNTN
% [ 2’.: a dy 1 2’.: 9 gl.: 1 a
ﬁamucﬁu@uiﬂamuaﬂ“u luarunouuuUeI¥y  1UsenoualeFunIuniy

Y
Lmsnﬁauﬁ’awuumu

9
%

9 9 4
%umﬂaumﬁa%umuwu (Overburden) FUUNANUHUN Uszanm 30 uas
1 1 gl./ 9 g’/ a ?:I Y = Y KR o
TuaiuaouaNvoIFuAzNoY Usznaunle FUHNINTY FNUINDIET T
9
Useunm 5- 7 was luaaupeuyuvIFUAZNOU ﬂizﬂeuﬁj’gwuﬂumuuaz
a A = = o v o 3’, IS <
HuaumHeIaa vulszana 25 was aﬂyamnﬂﬂﬂlawumﬂauummum
F4

£ k4
uaztﬁmmu UTQ@]OTLLW‘LN?JWﬂWUWHTﬂﬁuLﬁ@ﬂﬁﬂﬁﬁWﬂﬁ nundszana 15 -

20 EUALUAT

Y Y
Ratanasthien (1989) ladAnm¥ideusunnvedfiuaznouluuewudy  wunsunuy

1 I 3’; a 1 1 3’; a gl.: a A
aznou ausoutieeenlailu 6 Funiunnuuasals 1aun FuAY (Top soil unit) FUHUAY

9 9 Y
e (claystone unit) FURUAUAIULUAS T UNTIANU (Shale and conglomerate unit) FUHUUINY

Y 9 Y
(Oil shale unit) FUDIUNU (Coal unit) BUHUNTIY (Sandstone) Haz¥uUruUNI1wlunsIa

[l v v
(Conglomeratic sandstone) HASUUIIU (Basement unit) FANANUHUITINNINUATUTU
g 3

et 91 1ueS

9

o a r'd o ] 1 a a o w
Petersen et al. (2006) ll&ﬂ?ﬂ”li?tﬂﬁ%ﬁ‘ﬁifilLﬂﬁﬂl@ﬂﬁ?@m\mﬂlﬁutlﬁ%ﬁuuWNuﬂl@ﬂ

1 (= Y 1 = a 1 1a A I 9
UDNHUAY llﬂ‘f’ﬂ TOC 58131 40 — 58 wt% HAZNANITANHIAD1ITIUUN W‘]J’ﬂllii’]u‘]/liflvlllﬂmﬂ

#9819 UIznoUAI8LT Corpohuminite, Densinite, Suberinite (Su) and WULS Exsudatinite (Ex)
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' o .. = = " A ] a 1a A d " A J Y o 2 1
59U Suberinite FINANMIANIITNIMIUTIFHAUTOUNSOAITungw « 14 astinguus
Huminite (80 — 82%) Ngu Liptinite (18 — 19%) 1aznqu Inertinite (11091 1%) ANUNTEVDINI
Y a A d 1w = Y I 1A Y o Aa A =S 1 1
AzNoULTIVEIING TUA N 0.425 %Ro Fanaaslirunnuduiuiall Tasidonve o
2 @ [l s o ' . . o ! .
Auriu geeglumnuat d1n1 Oil window W399 14gn (Thermally immature source)
DMR (1981), Enrich Consultants (2005) and Ratanasthien (2011) Tds1891uman1s
a o a o % [ 1 a a % @ 1 [l
WA laglszanauamsnnz v lagazdeavedaltodanuiunaziusiniulune

S v v o tﬂ'
au 1ndaag (®51NN 2.4)

=} a o a o =
M54 2.4 LaasmadIeumeunani1saszy lagd seunauas s ins1e v lngaz0eavod

1 1 a a g o 1 = o o o
arpgeo U utaz iU e wway d9vdaaidie

Ratanasthien,
DMR, 1981 Enrich Consultants, 2005
- 2011
AEMINATeU
As-
As-determined Dry basis As-determined
determined
ANUFY | 2622 8.57 25.55 - 13.7-233
2 2
g £ | assuine 41.78 — 28.79 31.20 4191* 21.8-364
= £
2 « )
Lo ;3 VLD 38.07 —4.27 11.91 15.97* 8.16 —39.7
-
E & mfueu
s & ¥ 54.58 —20.77 31.33 42.12* 23.8-30.8
AN
Miuou - - - 17.7-58.9
[c ~
® i
g = | lelasu - - - 5.39 - 8.58
& 5
oo 8
2 =
= £ | lulasau - - - 0.61 —2.24
(Ié é
Falos | 7.96 - 0.54 1.02 1.37% 0.92—1.94
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a d = = .
2.3 MTAUANTHEIUAN (Geochemistry)

v

MNasdewiuvedvaniilalasarsveusiuiuun Fudueunusanas lsaulay

qQ

c’d'ad’!

[ ad A d? < a A ¢ a a
ANNAULAZQUNYUMNNIY 1D 1319 (Kerogen) 1 uasdunsdneawasninavuluiu
1 1a - J . < J ] a ~ o’dy
aznoulageglugilvodusdunie (Organic maceral) vuraLan Tagaiulvgia1sdunson
o 4 v o a A J 1 IS a A I I v o
aunsaihazaelaluarhiazaisdunsd uaae Ismwiuaisounson luazareludaih
a A o 1 A 12 a < J a
azawdunio waz lazatelunsai lilieendwwiuesdlsznou e Tsoull 4 Uszian
(Type L, I, III, uae IV) Nuana1enu lagswunmiudadivesaauyes H/C iag O/C Yszian
a A o a a o a <
o Tuanadunsd (eauannuue Tsuudn) Tasae Tsauilsznmn I (Type I Kerogen) i1
g‘/ 9 o d' a = 1 1 a =1 d’d' 1a A J
asasdun ldanvnnlutlTasi@en druidsznn 119nnguasouNseNINNUSBUNSd
a 4 a J A g 2 Ao I A
10n% lud (Exinite) azuoad lud vinamwinadoniidunzia delidnenimiiuilTasiden
' 2 ¥ = = A A g A A N o Yo
qaga uanudSmnaies Uszani I Nnissuaunsensun anaa1wlunis e
a 1 I H a : I A
s33u3d vazdlszan v Lildduasasdull Tasiden e Tsnugnilaeu lhiul Tasiden
1 o w 3’, Aaan A [ o 1 . . . I
Audautuveslnsensuauluanzuaadounyunodd 1 (Digenetic environment) 11
ammadonlunszuiumsniianuaunaggunginnnNan1zMIHNIegiuN uadioglu
an1gidinanszuaumsudsaning uagiiguvgiganielszuia 225 osnwaded
aaa v Az o @ s ¢ a
Ugnsennartiilunavinmsivesnvesnnaniiveu laoen laauazlimu uazmsaavua
a Y o

4 a 4 o @ a dy A
yodTuanalalasmsueu nszuaumsiia lalasmsveudmiuiudusutdauunii 13 lugln

2.2
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i Relative quantity
Op " 10

Original organic

chemicals

Kerogen
g
-E- 475
&
E| CaqHsy
¥l 4
5| Ciets
2 Oil
2| CHyy; window
El ~ - 150
- (O § I
§ q s
% Natural
w Gas ™ &as T
U window

-

CH, 9

1
~n
N
w

Graphite L -

d' ] AA Aa A =) a a A J [
5U¥ 2.2 “]ﬂﬂ’E)‘EL!‘HQNWL‘H‘JJ"I%ﬁJJLLﬂ%ﬂﬁLﬂﬂﬂI@i!,ﬁEJllWWN%uﬂﬂl@Qﬂuﬂiﬂﬁﬁ GLGRI

U q

910 http://quakeinfo.ucsd.edu, 2011)

J a3

DIUAUAAINNITANAZNOUAZ ANV INNY TugAAnad1us T uan

Y H
s1uuvateduilaunznowiuldnlasuaain’ly fesdisznevdruluailusig
9 1

@ a A ¥ A3 o VY o 1 A
A1TUDOU Iﬂﬂll‘ﬁ']@]"f)u‘] VI\‘IWL‘IIHﬂ'l“]ﬂlﬁgsllﬂx‘llﬁﬂ?ﬂuﬂgﬂ?ﬂiuﬁﬂﬁ?u‘ﬂuﬂﬂﬂ?

Y A

v lz:gll a Aa E 1 R A o A 3}; A a o a 9
i]@Lﬂul!il%@LWﬁﬁﬁWﬂWiﬂﬁﬂqwUlﬂ VAU UIUDITAT WINNYUANINULASNIATU

@

¥ o J a Y A o ] 9 J 4
UINUNLIU ’Lﬂuﬁuﬂi$ﬂﬂﬂﬂ’38‘ﬁ1ﬁﬂﬁ1ﬂﬂlu 4 88N Vlﬂ!,!,ﬂ A1TUDU Ul?liﬂ‘i!ﬁ]u

q

a 2’_, = A A [l o o A 3 Y
”luimmu lagoansiau uﬂﬂ%1ﬂuuhﬁ1@]1’iiﬂﬁ1§ﬂu LB NIUSDU maﬂumﬂu@ﬂ
d‘ o

' A Aao 4 = A o 9 9 A g
muwu‘nmnuaumiuau’gmasmmeum LiJ'E)unJ'ILW1ﬂ$GI,1"iﬂ'Nil IDUNIN amnﬂu

1 a

DMUAUANINA NITTWUNYUAVTAVDINIUAY AR aNTANINAY tazaAInIY

Y 1 Y 3 a [ A
I9U ﬁ1ll1iﬂllﬂﬂﬂﬂﬂllﬂlﬂu 4 YU ANATTNWNN 2.5


http://quakeinfo.ucsd.edu/

24

MM319 2.5 nlisumsunuanliavesn uiuLdazlszian (Anaon1nhttps:/th.wikipedia.org)

a \l a ' b4 \ &’ dw Y [ v
yHASUHY manNseu | manwww | YEnadwon |JSinamusou
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Hydrogen index (S,T0C)
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TOC =-0.1477P,,,- 0.4458 (2.3)
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TV IYNSLAUAS TV I18U1A (Marine and non-marine algae) «mgﬂwullﬂmumnmmqﬂ
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9 < a A J < o A a = Y .
gudsnaetuassunsdvannsi linaredludusuiiall Tnsi@eu 14 (Tappan and Loeblich,
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1970) MIATANYDIB NS AT H anTaswunoonily 4 nauauanImasen laun i
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Nielsen, 1995; Roberts and McCabe, 1992; Sebag et al., 2006a; 2006b; Staub, 1991 and Wang et

al., 2011

9y o a

@ @ o a a a o a a
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Organic-Rich Known Rock Types Environment of
Rocks Precursors Deposition
Humic Coal P Peat Swamp
Terrestrial Coal and .
Oil Shale Terrestrial Plants
Cannel Coal P Peat Swamp
Fresh to Brackish
Benthonic Algae Lake
Algal Ooze Lamosite
Lacustrine Oil Shale N Saline or Stratified
Planktonic Algae Lake
Torbanite ShaII_ow Lacustrine
with Swamps
Acritarchs, - .
Dinoflagellates Marinite —_ Marine
Marine Oil Shale —— Tasmanitids — Tasmanite —— Shallow Marine
L Gloeocapsomorpha —‘ Kukersite —— Shallow Marine
ASphéltene_R'Ch — Gilsonite Grahamite —— Alteration Products
Bitumen ‘
Bitumen =7 i i i i i\ \ =
o Naph.thene-Rlch L] Wourtzilite Albertite —— Alteration Products
Bitumen

d' v o a Y o a A = [ a A 9 @
5‘1]7] 2.6 mmamwummﬂ?mmmmwumumguﬂﬂimimsmﬂﬂ%uﬂwuuammwu’maanm‘i‘mJ

U

auazneu (U3U1l59910 Hutton, 1982)
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1z (4) o lurueIl1 (Moss swamp)
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2001; Sykorova et al., 2005)
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and Welte, 1978; Selley, 1985)
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lalasmsveueonuinniiudusuiall Tas@euliauiuauy Womons1aIuTeHINe H/C ¥94
P
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[ 4 [ a 14
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Y
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g’/ 1 a 14 ] A
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M13149 2.7 f"l']nJﬁll‘W‘Llﬁig‘ﬁ'JNﬂ;ﬂﬂﬂHmeUﬂﬂﬁ"]f (Palynofacies) Taven1essalniivas

ANNLIARDY (Jone, 1987; Tyson, 1995)

Organic Facies A AB B BC C CD D
Palynofacies
characteristics
% AOM of kerogen Dominant Mod Usually low/absent
AOM matrix fluorescence Highest Mod-weak Weak Usually absent
% prasinophytes of plankton Highest Mod Rare Usually very rare
% phytoclasts of kerogen Low (dilution) Mod Usually dominant
Opaque: translucent Often high Usually low increases
phytoclasts
Geochemical

characteristics (for

immature sediments)
Hydrogen Index (HI) > 850 =650 | =400 | 2250 | =125 50 - <50
125

Kerogen type 1 I I 1I/11T 11T v v

TOC % 5-20+ 3-10+ 3-3+ <3 <05

Environment factors

Proximal-distal trend Distal Proximal Distal

Oxygen regime Anoxic Anoxic-Oxic Oxic Very
Oxic

Sediment accumulation rate Low Varies High Mod Low

*AOM = Algal Organic Matter

o a Y o a o = a Y v t4
ﬁﬂﬂﬂ'lWell’ENWuG]uﬂ“uﬂﬂi@lﬁlaEJlILﬂEJTU’E]QI@EJ@]‘iQﬂ'Uﬂ%lIWWi ﬂ’ﬂiJQﬂiJﬁiJD”‘im

v
A o

a S J o Y YA = Aa .
VDIF1IDUNTY uazmmﬁnuﬂammmmmaummﬂwﬂimmﬂmﬂ@ (Thermal maturlty)

v Aa

o a A o Aa A 0 I Ax
(Isaksen et. al, 1998) fingmwvesiudiudusiuiatllas@engniliseygndldnunund

P

a A a s A ~ ¥ o ' s 1
ﬁ”ﬁ@u‘ﬂiﬂﬂu@ﬁﬂﬂi%ﬂ@ﬂ1/]1\1Lﬂl|1/]“’Tl|'13ﬁlllfwENW@Gluﬂ’liﬁi']\nlag‘ﬂﬂulaulaiﬂiﬂ'ﬁﬂauw'lu

ATLUIUMINNTINNHI ANV 0U (Miles, 1994)



36

A 9 o A <

szinnvosdnenimaesiuauniinll Tnsimey aunsoutsesniu 4 dsznnlvg
q laun AudusuiellTasdeunlidnen i Audusuiel) Tasdeuniilssaniom Audu
o A A = A 3 o A a A 1 3 a Y o A A =
fudal las@eunimsmnusneianmnidseansnn vag luduiudusuiall Tasi@ey
Y
(Jeffrey, 1993; Law, 1999; Ronald, Wikins and George, 2002) Taouaazilszanivnanina
gi a 4 9 9 4 [y A o [ 3 a
Tunpuvesminads lalasmsvouaronnuiou lunaad 3 szau Ao 59 higndun  qn
3 A a A [
NN LA GUNUNITONAIGN
9 1 o a A = . . ‘1'
Dow (1977) 1d51891u99m 5851 atl Tnsideu (Petroleum generative windows)
Y J a y o . . 4 2 ! 2
Mertonugungil 1y NM3noIRAN1TY (Oil window) NQUNY 50 - 150 °C HAZNITNDIAA

Y
a =2

Y . A (Y] ) 9 o A A = g’/ 9 <3 1
N1 (Gas window) NYUNHU 150 - 200 °C GlluﬂQﬂU’JWWH@HﬂHuﬂﬂI@iLafJﬂJuu3f]utﬁ’J!Lﬂll1’iu

U
b4
%

o 2 1A o w = [ Jd o a A R
I@]fJ‘VI'Jhl‘]Jﬂ'liljllﬂﬂ!ﬂﬂu1ﬂuﬂ€5ﬂﬂ"ﬂﬂﬁﬂwu‘ﬁﬂ‘]Jﬂ1§ﬁ'$‘Va]}?JULLﬁQSUE]Q'J'i/]i]lu@ BIN 0.5-0.6%Ro
a [ a %I @ Y Aa A d <
LL@Zﬂﬁiq@]ﬂTﬁﬂﬂlﬂﬂu1ﬂu@%}38ﬂ1§ﬁ'$ﬂ@ullﬁﬂﬂl@ﬂﬂ‘ﬂiUlu@] B3 0.85-1.1%Ro !Lﬁ$1ﬂ8‘ﬂ’)l’lﬂ
2 Y U a o A [ 1 1 Qy
NIILTUAUUBINTIINDINAN Y ﬂ%&ﬂﬂ?ﬂ?@\iﬂ‘ﬂﬂﬂﬂﬂ 1.0-1.3% Ro uazﬁuz;mﬂizmm 3.0% Ro
Y o @ a a a a FY
Cook and Kantsler (1982) 18101515 D) gaunugiignanisnsadu Tnvesdiudn
o a A = ad‘ dzl é d‘ 9 [ a 1 a 3’1 =
ﬂuuﬂﬂiﬁ‘imfJiJIﬂfJQﬂ!W{]iJTI’Q\‘IGUH FAUNYIVDINUNIZUIUNITINADIUN U NN NUANLDS

ara 4 4 1 a 14 Y Y
V\Iﬁﬂﬁuagﬂ'ﬁﬁ%}%‘lﬁWiﬂﬁzﬂ@ﬂanﬂiﬂﬁ‘U@u G]f'Nﬂ’]iLﬂﬂﬁ’]ih],aiﬂﬁﬂ'liﬂ'ﬁ]uﬂﬁﬂﬂﬂ'luiﬂu

aoandoanulSuna lalasnu aasdarlsznmas Tsau)

2.5  msdszniuiivauiniiatazmsnamnaillns@a

(Petroleum source rock evaluation and maturity)

= a Y ) a A = = g.’; a

MUMIANYIUDY Law (1999) WHQUﬂTLu@ﬂIﬁilaﬂN NIV UADUUBDINITINA

7 ) Y s v A oy d A I A a

’ﬁ'lﬁﬂ‘igﬂ@ﬂulaiﬂiﬂ'liﬂﬂuﬂﬁﬂﬂ’ﬂﬂiﬂu (El,ummcn 3 3¢AU A EN]lllmiJ‘ﬂ N uazqqmu

9

WI0HAIIN) T@ﬂﬁﬂﬂmwmmwuﬁ’uﬁnuﬂﬂimmﬂmzllﬁ'gﬂﬂizmumsluuwmﬂ?mmuaz

= J o o a ~ o"gJ/ a A A 1 a 9

FAUNIN G]NL’]J’L!ﬂ153@ﬂ%ﬂ1mﬂ15ﬂﬂu@u%i‘(’J“I/I\Will@ (TOC) %ummamaiamuwmgsluwu@u
o A =Y o [ a 4 =1 o

NUUA ‘lJ53J'lmﬂl’E]\illaiﬂiﬂ'li‘ﬂf]u?f'lll'liﬂ')ﬂblmﬂﬂﬂ'ﬁﬂmi'lgﬂIﬂﬂﬁgl@ﬂﬂ!m$ﬁ)\1ﬂﬂ§$ﬂﬂﬂ

¥ [ J 4 a 4 ! dyd' Y [

UVBITA iaummﬂ?mmammaum@ﬂaTmLﬁ]uuazmiuau WITTUABDILHATHINYIUDIND
a %} @ %) 1 a [ a g}/ a
ﬂ‘%mmwawa@lumuuaxﬂwmmmaiiﬁ]ulmawu@ ﬂﬂQfMﬂQﬁJllﬂ%ﬂﬁ?MﬁﬂﬂJ@ﬁ%uﬁu

[ 1T A g o [ a J
Glumﬁwﬁﬂﬂmwﬁlumiﬂamﬂumuuazmm ﬂ']il,ﬂ@ﬁ1§ﬂi$ﬂ@ﬂ1€li@iﬂ1iﬂf]u

Y Y a a ~ J . = 9 an
AWANUIOU UALTUAVDINITOUNTY  (Tissot and Welte, 1978) ’L‘T'liJ'liﬂﬁﬂ‘H'lhlﬂﬂa'lEJ’J‘ﬁﬂ1i



37

a A Y o A

1 ,3 o an A = ax v A a o =\ =}
muummumaﬁmﬁﬂ3$muwu¢mmmﬂﬂ1mmﬂu 2 ATUAN A NTUATICHTIWANUASNIT

[

a Ia Yy 9 4
3Lﬂ§1$ﬂﬁﬂ135ﬁmu1ﬂ18iﬁﬂﬂ@\? JU

a d
2.5.1 MIINTIZHBEIAUAN (Geochemical analysis)
= ~ ~ a Y o A A ~ I =
MsAnEINNETanlvesHuaun et lns@eu Wunilaludszmnms

a Jd A a o a 4 a o a a
WTWAL 0 IR mseendmsu maanlalasau uazlnls lage

o o [ a o a o = I
(Hutton, 1982) MIMHUAdIHTUNTAATIEH lasdszuauazmsinsiey lagazioona (Hu'ly
AMULUINNYBINATTIUBINUAINTUNINATOUIAY (American Standards for Testing of

[ A

. o a Y ) a A = = dy 1 =1
Materials, ASTM) M3vunszinniuaunitiall Tas@oumanll vuegnugaauiianiuni
4 A Aa a ~ J = an a 4 = ~A Y o
1azeAYIENOUTINVOINUNNATOUNTS  FITZVVUINITINITNIAATIEHEIAANN TFnU
wniga laun :
o [ dy g’/ Y d‘ =
- ASTM D3302/D3302M @150 ANTUTINLAZTUADUNT 1HAT 091D
(ASTM, 2011d)
- ASTM D5142-09 @115 Proximate analysis N335z WoufiuLazay
9 1
Tan AunsumslnaTeaiia (ASTM, 2010)
- ASTM D7582 d@wSumsinseiuuuilszinaveddindaouiunas
1 9y A 5 . Y
g lanlag Macro Thermogravimetric analysis (ASTM, 2011e) wag la
4 <3 1 [ A
PSnadesazuea C, H uaz O ilenasadnilsznouveiauiy
- ASTM D2013/D2013M-1 tlag Practice D346-04 §1151 N13IATNAIDEI
MUAUGIMTUMINATIZN (ASTM, 2011¢).

dc’g’l

an ' 4 a Y A Yy 9
ATHIAMTUDUDUNTININUA (TOC) GlﬂﬂW'éJGl‘i’Ji]ﬁ@“lJﬂ'ﬂiJﬁliﬂlueﬂfN
14 a =4 g’/ A @ 1 a Aas 1 Y o o
MIVoUDUNTINIHNA TuaznoUNIa luAI9d AN TAgdTMTHIm TOC 3LABININITNIAA
a A J 1 J 1 A A a
ﬁ”lii’)ul!‘ﬂﬁEli’]@ﬂjﬂEJﬂﬁEJ@EJGYJE’JEJ"IW]Sﬂ@uﬂiﬂﬂuquﬁiiﬁga"lﬂblf’ﬂﬂiﬂaﬂiﬂ (McKee and

Goodwin, 1923; Lewis and McConchie, 1937)



38

MITMUNEIDUNTINNSATIEIUBZABNYBY  H/C 118z O/C (Van Krevelen,

1993) MUUNUNINYDI Van Krevelen N1 1a5Unsud luudrenuisoutiane 15118049 4 sznn
(Tissot and Welte, 1978; Durand, 1993) '1@14A Type I, Type I, Type III 148 Type IV
= 1 4

- e Tsauilszan Type I Haauisznevvesla lasouaemsuougaas

dauisznevusioondnuaeniueud (H/C Imisuauge Ussunm 1.5

'
o A1 J

A [} 1 1T Aa a 4
Y04 H/C) 1ag O/C Fudud iauiiny 1.0) @aulvajinaainaisounsd
' 9 A A Y A
WINTINIY (algae) IUETNIZUIARONLVUNZ AT HIOUTIWUFWAIN
a o [ R [ 1a ~A J
AMNIUAAMITUANAENTIVOIEH I (algal bloom) FITUNGUUTDUNIY
a a 4 ... = dy 9/%' @ a
8103 lud (Liptinite) Bane Isnudszmnilez iihdulszmnmsaily
= | 1 4 .; 1
- pelsuilsuan Type I Jdmdsznovveslalasaudemivendini
LI 1 a 1 4 1 o
HABATITIUVDIDINFIUADATVOUFTINIUAB 519U 5219M Type 1 3N
a d' 1 1A a =4
nuluwnnuazneunaeaulunzia  aulvaifannarsdunsgnan
o J A 1 A 1a A A 1 A
AN NFNLIAAE  WIBWINUTOUNIINNINEIULTENOUNFUN
[ J 1 ra A a 4 . 4
wu 1o o9l wagaios lunquusdunidadn lud Fune Tsnulseianil
Y
szl szmnuun tazez Isunan
= | 1 I'4 1 9 3
- pelseu Type I: Nawilsznevvedlalasounemsven Aoudiadm
1 LEY] 1 a 1 J [
(H/C aumny 1) sazaiulseneuvsdsandauaoniveuluonsi
1 9 =] ] 1 dy d‘ Y G
ADUTNGY (O/C AP 0.2-03)  MNNAIUUDIED MUY HID
A = A g’/ 1 a 1 ra A A A 4
g Taevosivunvienysugsluo iy lunquusduniding lud
e . = dyl 1 Yy a
(Vitrinite) ¥un0 Isnuilszinntidiu vz 1vmasssumna

S 1 [ 1 1 4
- pelsnudssan Iv: llﬁ’J‘LﬁJizﬂ’EJ‘U"lJi’Nf)ﬁﬁﬁ’)uulﬁiﬂifﬂuﬂﬂﬂﬁﬂ@‘Ll

o A 1 a 1 4 A
mmqmgazﬁmuﬂizﬂaummaaﬂmmummm@uqq nga Lﬂf]IiH]u

]
N

dy a d’g a A a 4 U 9 9 A

Usznntinavuluysnailaisoun mmz"laimmuﬂ@ummaﬂ N
Y [ 1T A a 14 .. 1 1 ] Y 9

BRG] ﬂqumua‘nllum (Inertinite) Gﬁﬂﬁ?i&iﬂiyﬁ]ziﬂ!ﬂWWSﬂY%

FITUHIA



39

3']'(’Jﬁ$t%ﬂﬂﬂ3$LJ’WI“UENLﬂ'ﬁ]IﬁL‘ﬂulla$ﬁjﬂﬁ'lﬁ"]uﬂzﬂﬂﬂsll'ﬂ\i H/C uag O/C U
LBWUNIN Van Krevelen Diagram (Tissot and Welte, 1978)
Y o A o v 1 1a A o 1
Van Krevelen (1950) llﬂVl'lllwuﬂllﬁﬂﬂﬂ')']uﬁﬂwuﬁ‘ll@ﬂﬂij‘llLL§GUW331Uﬂ1u
A w . . & A Ao ) ] L) a ¢
nuvan ¢ (Sapropelic L8 Humic) BEITOUNITIUFNAIYAIINTOU Iﬂf]cl"]f"llﬂﬂaljaﬂ'ﬁ?mi'lgﬁ
4 <3 @ 1 = o ~ 1a A J 1 a
29A1U52NOUNITNADAVDIOATIAIU H/C NeunU O/C (ETJ‘VI 2.7) IDUNTYNNE] VDIDTUNU
I an A 1 @ = A 1 o @ 1 A
Lﬂuhlﬂ@nll]ﬂvnﬂﬂlmﬂﬁ'lﬂﬂuIﬂleIﬂ'lﬁl,ﬂﬂfl‘L!LL‘iJaQE]ﬂWQ‘]fﬂﬁ]ulu’ﬂ@lﬁ’lﬁ'Ju H/C uag O/C 1o

a a J 3 A 1 & 2 A <3|
AIDUNTYFNAUN (HAMINUAUITUAT H/C uag O/C aaal) GllN"I’L!‘U@\‘] Van Krevelen 11U

4

=3 () [ a =) =~
Wugmamsumiﬂizmumw5mmmmmaimu

2.0 —

SAPROPELIC
COALS

1.5 —
=y
=
=2
g peal
= =
g HUMIC

COALS
0.0 r I 1
0.0 0.2 0.4 0.6

Q/C atomic ratio

31U 2.7 Van Krevelen diagram t@aanua Tduniswauinisinavessiao1uiunan (Van

Kervelen, 1950)



40

Y
<3 ]

Killops (2005): Peters, Walters 8¢ Moldowan (2005) TasItmuIndung
3,'; 1 a 4 9 9 a Y o Aa A ~ Id
Juapuminomamslsznoulalasamsusudrsanuisuvesiuduiutial las@eny 1

) o A 1 <3 9 ) [ ~ 9 ~
tuIMIRIIEdmiume Tsnunied msnaeadeyadiviume lanunanlunundu amgin

F) 9 Aa I dy 1 o A o Aa

2.8 duuu luunaanaindlunugiuved Inssiemsiuniszinnne Isnuninssaane
' 19 Y ™ a Y} 7 A '
alvgleludgiulesaelsau Type I AAVINAMNLIAADULLLNZIAAIVUIIA dIUAD

15194 Type I HANAAMWLIAROUULUNEIA LAZIAD 119U Type [ILIAAINTANLIATOULLUY

VUUN
herm?l
TYPE| aturation TYPEI & Jurassic, Saudi Arabia
Pathway’s 900 u Eocene, Green River
5 & a # Toarclan, France
00 o Tertiary, Greenland
T < o o[, e TPEI
Snf 50 |Ft
E TYPE I 2T w
g ve
»E
Black Hawk ] [ £ ~ 0
05 Coal, Utah "/,‘1;0' " TYPEIN
.
1 | | RO
01 02 0.3 50 100 150 200 250
Atomic 0/C Oxygen Index
(mgCO,/gTOC)

gﬂ‘ﬁ 2.8 Van Krevelen diagram ("“]?”IEJ) 119A4 Thermal maturation trends Y9 31AD 1519 U 14
ANUFUHUTUDI H/C 1 O/C (V1) The modified Van Krevelen diagram HeAIHa
Taol4403a91n Rock-Eval pyrolysis #414anudusiusves axiilaTasiu (HI) fy

A¥LoaNFIAY (OI) (Peters et al., 2005)



41

e

Yo A

= ' zﬂ'd [ ) =
F19az0eavoAaziAe I unuAnennd Tnsiaen ﬁ"lﬂJ'lﬁﬂﬁ?IJllﬂﬂ\‘]u

1) welsnuilszan Type I Huyiiaimeaniigalualszan Tavadee

¥ [

a dy Y aol A A a 1 %’ A = 1 ?:I A
AU luaN NI NIIAUNVIADBNFIIU 1FU NL@FIVUIIA 1AgaLUMTNUA1HI19119A
IUIUNIN

a dgf Y Y =
2) lﬂ@IﬁL‘DUHﬁzlﬂﬂ Type 11 ’e’mmmmmlullﬂcluﬁmwumaau‘n‘ﬁmﬂ‘ﬁmﬂ

A A

1 o a 9 = VA a o @ A 4
LLG]T@EJVI’JVMLﬂﬂiu’ﬁﬂ1‘mnﬂﬂ@uﬂﬁ‘ﬂ%m FAULUAINUIVBITTITOUNTINT AN AD LUNAINADU

v 1 Y
Wz auogni U (Autochthonous phytoplankton) A1TEAUANNANUBIN

a a A~ 3 X A ANy o A
3) Lﬂ@IﬁLﬁ]uﬂiztﬂ% Type HI HNANWYNUNOUUAYIUTOWBYUAU LASUNY

{ VoA a A A a Y
Lﬁ']el‘ﬂf'lﬂﬁ“]f ﬁﬁ'lll'lii]izuLL‘i’iﬁ\WliJ'lﬂl’fNﬁ'lif]UT]iEl‘ﬂLﬂﬂll1i]'lﬂﬁﬂ1WLl')ﬂaﬂiJ‘]Ju‘Llﬂ

@

1 Ld‘ o 1 . Ld‘ cu dy —~ Q' Li'
ANUUANANNTIAYTZHINIIUYD Tissot NHALIIUTUY 1970 uazFanis

@ ] 4 4 a
15 luilgiiudes lildesndlsenouvedlalasmunsuoutazeondauvouns 1saudn
' 2 o g y o J { . 4
ao 11 @ e uilwiie 1 1dsnsdu H/C wag 0/C Muana 13Uy Van Krevelen diagram) tiie 14
a P 1 ) 1 v A @ a {
Tamamsdmszinuiud Tastins lgaawil laTasmu (H) tazasiieandou (OI) 114910
. ! o Y o ~
Rock-Eval Pyrolysis 87 I Wanumu (317 2.8)
v Y v

NAITMINNAMIANBITI AN vosH AU uHavU U9 A UARITTHY 20
o a o [ Y] v o o a zé
ngnAnTIzd lasedsduiusnulsunaveslalasou miveu nazeondiou Fefsuuves

[ a 4 o a L4 =
H, C 1oz 0 gnimua lasmsinsziesnliznou 110015105121 Iagazideaveune 159

£ a

a2 o < o 1
UIFNTNIUAN UAZNINTITINADATAVDIDATITIUVD H/Cuag O/C UU Van Krevelen

=).

Y ]
diagram A41A1a107) a.9 1970 N521IUNTS Rock-Eval pyrolysis gnii1u11diie Ara il
= a a 9 o Aa A =) g’; v
1alasu (HD) vazdsiisondiau (O vesrudusutiall Tasiden 1niunadwsyea HI uay
< LA | Y R Y a a o A
Ol vnNaaA U Van Krevelen pyrolysis ‘szuﬂgmm FIUVDAUDINITIUATIZH Rock-Eval A9
<3 19 9}3 A 1 a J 1 9 @ a
I1AYN IIALTI Llﬁ$hlﬂﬁﬂﬁclﬂ5ﬂlu@l@u1ﬂﬂ13u1u UANITUATICVADUVNDUATIULASUTTIAINI
g‘/ [ Y a < = a 9 o A 1 a 4
11!6U°Ll¢]ﬂuﬂ13%11ﬁ£ﬂ@13l%uﬁiq1ﬂ‘ﬁﬂﬁmmi]"lﬂ‘l’THQUﬂTLu@ﬂGUﬂT§3Lﬂ§1$1’i

1NNTIIVITIVNANIUUYDI Van Krevelen, Tissot nmmsuslsznnne sy

I 1 [ U ' . . . g}’
pomiu 30 auvan 1dun Type I (lacustrine), Type II (marine) 16812 Type III (terrestrial) YU



42

N9 U Mendonca Filho et al., (2012) lavmsdSudlgsmsutsdszionveune s oon'ld

I Y] ~
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f1319 2.8 Glfuﬂuﬁ@uﬂdiﬂﬁﬁﬂL!aSﬂﬂ!ﬁuﬂﬂﬂ']%ﬂﬁ‘ll@ﬂllﬂﬁgsﬁuﬂ (Mendonca Filho, et al., 2012)

Palynology Algal Amorphous Herbaceous Woody Coaly
Macerals Liptinite (Exinite) Vitrinite Inertinite
Evolutionary Typelorll Type I Type III Type IV
Pathway
H/C 1.7-0.3 1.4-03 1.0-0.3 0.45-0.3
o/C 0.1-0.02 0.2-0.02 0.4-0.02 0.3-0.02
Hydrogen 900 - 50 600 — 50 200 —-50 <50
Index
Source Lacustrine and Marine Terrestrial Terrestrial Terrestrial and
Material Recycled
Hydrocarbons Mostly Oil Oil and Gas Mostly Gas Very little gas
Generated

252  MSANYIAANIIMMIINE (Petrographic analysis)
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NAISTHNRIUN International Committee for Coal and Organic Petrology (ICCP) laf1vua
o a 1A A J Yy FY 3’/ A =) A J .
ANDDTUIYUVDIUTIDUNTY Llagllﬂllﬂ”IiLLﬂllsUig']JUﬂ?i@]\i%@ﬂl@ﬂlliﬂﬂ‘ﬂiEJ (Suarez-Ruiz et al.,
& |~ ~ a A S J U 4 .
2012) G]f\‘]ﬂ"lﬁl‘]J'ifJ‘]JWlEJ']Jﬂf‘L!ﬂLLi’E]LWIiEJ FEUINNLNUN ICCP (1995 1tag 2001); Australian

Standard (AS) (1986) 11az ASTM (1996) taad 13 lua15199 2.9
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o 1a 4 4
M1919 2.9 NMTTWUNUTOUNTY ANINYUN International Committee for Coal and Organic

Petrology (ICCP) (1511/33910 ICCP, 1995 t1ag 2001; Stracher, Prakash tag Ellina,

2012)
Maceral Maceral Maceral Maceral Maceral
Group Subgroup (ICCP, 1995) (AS 3856, 1986) (ASTM D2799,
1996)
Vitrinite Telovitrinite Telinite Textinite* Vitrinite
Collotelinite Texto-Ulminite*
Eu-Ulminite*
Telocollinite
Detrovitrinite Vitrodetrinite Attrinite*
Collodetrinite Densinite*
Desmocollinite
Gelovitrinite Gelinite Corpogelinite
Corpogelinite Porigelinite*
Eugelinite
Liptinite Sporinite Sporinite
Cutinite Cutinite
Resinite Resinite
Liptodetrinite
Alginite Alginite
Suberinite
Fluorinite
Exsudatinite
Bituminite
Inertinite Telo-Inertinite Fusinite Fusinite
Semifusinite Semifusinite
Sclerotinite Sclerotinite
Detro-Inertinite Inertodetrinite Inertodetrinite
Micrinite Micrinite
Gelo-Inertinite Macrinite Macrinite

*Maceral mostly in Tertiary basin
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WunAseguuunuNNlszma 11n1d11:50,000 5221911111118 (Ban Pa Dange) (Munoia
¥ L 7017 sheet 5046 T1T) T1 11 48 N (WGS84 datum) #fia UTM 2058000 N 4 2055500

= A
N iag 606000 E 014 609000 E (qﬁjﬂ‘ﬂ 3.2)



46

LEGEND Ban Pa Danae sheet 5046 111 7
Scale }ANNFA 150,000 /\
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Bevation ol tbstuction top.

" —_ 2bove 382 lovel
m  dhove grownd level

'1‘ 1 1Sgh tensson powseriog
DRAINAGE

Streams: Pecennas, imermittent
) Less than 25m wide
‘/\ (e— TR
Conal Petennial, Intermitient

J— Lass than 25m wide
25m wede o more
— e Ditchc Perunmiak; imeomittent
D % ke Parenves; Imeematent
¢ { — Spring: Perenniol; Imeemittont
. 3 e Wil Peranivial, Inteemitient
< _Stoswrx Dsappeanng Dissipating

—— Lond subject t2 inundation

MISCELLANEOUS REUEF

Bl 7 ORtt, Escarpment:
— . Grisater than contoor inerval

VEGETATION (Tress)

C]- O >S1<T5; Densa >75
5 »

[ cnmmais o
|

Scnuty; G

PR TS e
PG Dy

Mangrove: Npa

v Y v H
510 3.2 dwmisvesiunAns ATz 9uIIA (Ban Pa Dange, Map sheet 5046 TIT

WATIEIN 1:50,000) (U391/39910 DTUHHUANNST, 2542)

mMafudegiuaznoulumiewmay Idihmsfudiesaiu Uszua 5 alansy
Tuudazf619 MUAFUTURUMULLIA YU UM DYoL B4 AMUNIATFIY
ASTM D 4596 — 09 (ASTM, 2011a) SR 44 §reiiiu dalizneudieiivrhii 14
f0819 01U 26 A20819 wazhiualowslad 4 e uazldimafudiedisouiu
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1 a 1 a ] o @ 1 o &
M19149 3.1 ﬁﬂTWlL?ﬂﬁ@Nﬂ'ﬁﬁ%ﬁﬂJ@]gﬂ@u UUIU MUY UYDY LL@%‘DWH?U@I?@EJ"IQﬁﬂﬂLﬂU

A A=
TununAns
14 o ] v d'
aMNIAAON Lo Lo NUIUMIBENIN
ety Hiativeoy y
MITZTANALNOU dauhu

Y
N19UN (Fluvial) | Fluvial sequences (semi-consolidated) -

9
neaa1u1ilg Fine-grained sedimentary sequences -

(Lacustrine) Oil Shale Upper Oil Shale (UOH) 4
Lower Oil Shale (LOH) 6

Oil Shale in Coal A 4

WU Coal Coal A 11
(Swamp) Coal B 4
Coal C 11

Leonardite Leonardite 4

PIREY 44
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SAMPLE Thicknes $119u
COLLECTION s (m) . .2
£ 5 MIVYWN
Lj S Quaternary Sediments 5 Sausy
g g Samplin | Gravel, Sand, Silt, Clays, Mud
v 5 g and lateritic soil
. ! number
24 Tertiary Sediments 100.16
4 Fluvial sequences 65.50
6 OH 10 Lacustrine; Fine-grained 5.50
3 - : UOH
8 — OH 9, Lacustrine 3.14
E IR OH 8, Upper Oil Shale sub-unit 4 et
N0 = OH 7
VWWWW ?%BH ?H Lacustrine 2.16
M OH 3, OH Lower Oil Shale sub-unit LOH
et 2,0H1 o
52 — 6 NN
4
54 —
B Foeroguess A1l Swampy; Coal 1.43
= “3 y AS 4, AS Swampy-Lacustrine; Oil shale 0.53
2 A 10 Swampy; Coal 1.07
3 A9 Coal A
72 3
o AS2,AS | Swampy-Lacustrine; Oil shale 0.60 6 M8
3
76 — A8 AT, Swampy; Coal 5.63
— A6, A5,
78 A4, A3,
T A2,A1
82 \
L 19 Swampy; Leonardite 1.37 L 120814
B4 —
= E 1575 Swampy; Coal 2.08 Coal B
88 - B16,B 4 feEa
15
a0
: L 14 Swampy; Leonardite 0.50 L 10t
92
1 C13 Swampy; Coal and Leonardite 4.65
e c12 Coal C
96 cl
C10 n
98 j* Cc9,C8 feena
L7, ’
00 . waz
% C6,C5 L 1 fees
C4,C3,
VWVWV \ L1 Swampy; Leonardite N/A L1 /309819

H < %] 1 a [ a o w g’; a ] 1 1
5‘1.]‘?] 33 mam‘um@mwumﬂauuazmuwumnmﬂumuwuﬁummﬁmtm?m GI,HLL'ENLLN?I‘]J
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3.5

1. Fieldwork

Geology Litho-stratigraphy

2. Organic Sediments Sampling

| J

3.2.1 Samples 3.2.2 Sample 3.2.3 Sample
Collecting and Description Preparation
Preservation
|
v
3. Sample Analyses
3.1 Geochemical Analysis 3.2 Petrographic Analysis
\ \
Proximate Analysis Maceral Type Identification

Ultimate Analysis —
I Vitrinite Reflectance (Ro)

Measurement

Heating Value Analysis

|
HAWK Pyrolysis Analysis

9
Y

a ° an = A A=
gﬂ‘ﬂ 34 "lJuﬂaumimﬂuuam‘ﬁmiﬁﬂyﬂuwuﬂﬁﬂ‘m
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Y o Y @ 3’; a a A
E‘IJ‘?I 3.5 MIINNIUNATUIY llﬂll,ﬂ NITIAANUNRUIVOIFUNULASATIVTDUFUANU (A)NIT
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] % 1
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3.2 msumegenzneuniszneudiga1sdounas

(Organic sediment sampling)

g o ! A Y a A = 1 o =
ﬂ'lfl'l;ﬂll@]')@ﬂ'lﬂ@l%ﬂ@uﬂﬂi&’ﬂﬁ]ﬂﬂﬂﬂﬁ'ﬁ@uﬂiflcluﬂ1§'ﬁﬂ‘]sl'lu Iﬂﬂ‘i/nﬂ'liﬁﬂ‘]sl'lclu 3
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3.2.1 M3NULaLIEIENINAI0ENS (Samples collecting and preservation)

IS o ] a ¥ { o I o 1 a
ﬂmmmaaawﬁuuazmﬂeu“luﬁuﬁﬁﬂy1 ENINTINUAIDIWHUTALAEASNDU

dg Y

Hmiindszuiw 5ATansu @IUNIATFIU ASTM D 4596 — 09 (ASTM, 2011b) agH1nN15

v 1 a Aq o v 3 o 1
%ﬂLﬂUIﬁQQWﬁWﬁﬁﬂ‘ﬂﬁlsb'ﬁTH‘JU!ﬂ‘Uﬂ’J@ElN
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3.2.2 MSA38UMIDENT (Sample preparation)

o ' a g A o v < £) o W [l Yy v . .
G]'J@EJ'NW‘L!Ll,agG]gﬂ@‘L!‘VNW?J@W]‘VHﬂ1§ﬁ]ﬂlﬂﬂﬁ]$@]’ENT]'IG]’J’E]EJ'NiWLLWQ (Air-dried

o o ' Yy < Y ( T Aa zij o @ @
sample) mmimmamﬂwmmmaﬂm Haza1Na0819 UM sUuiloun uazimsaauena’

] d' =1 o Iy 1 a L Y a oA 1
pg o sud T DuAazMIANTIE lueslfianisae u

1) Mmyhmedel#inia (Air-dried sample) Areg1gnaseminein 114 luns

AnTziinlinazssainll Mu1IATFIU ASTM D2013/D2013M-11 118 Practice D346 — 04 A1
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ajtvuneu uaasluzili 3.6 Useazdeaail

f.

o ] = Y Y I @ A 1 dy Y o w '
Gl’l@ﬂ’l\?@]ﬂﬂ\ﬂﬁllﬁ\? Lﬂunm 1-3 U LW@llaﬂ'J'liJG]fuﬂ@ﬂllﬂ UAaIUINIDYN
4 9 9 0 Y= < Y 3 ' a a
‘VILLTT\TL!@'JiJ']ﬂ']ﬂ']ﬁ‘UﬂalWNGUHWQLaﬂﬂQ %]u"lmlmmaﬂﬂm 4.75 yaatues (4
mesh)
9

1% o o T o ] I 1 o @ '

HAIINU U MMsLUIAIed Ny 8 aIu LmzmmﬁUﬂmamwuqﬁj

< ' a a
YUIALANNI 2.36 UAALNAT (8 mesh)

% [ o 1 { Y A o I
vdedehinmsenlannuiulaeldaenliuien guvgin 40C iy
P

msouus  Werninnsuanmhminvesiesafime lvieran
mmc’ﬁyuﬁmz (Free moisture)

MNFIDEHTAUT RO Y @  Mmmsuadlesaldtvualesnin 1
admas (20 mesh) NTUMIVATIZHMTALHOULETIVDIINS 1A
(Vitrinite reflectance analysis) lagmsuaaiesaldivuiatiosndn 250
TuTasmag (60 mesh) waz 62 TuIATWAT (250 mesh) HTUMINATIEN

AL (Geochemical analysis)

MASaNGIENINURY RhdumazRunds Smsumsiniiey

= Yy 9 . . .
MaMen N laensany1n1elanaos (Microscopic analysis)

% [l a %/ o a < A 9 ~ @ L] I Qy a
AV NUUUIUULUASHULUIDU ) ”l@gmmﬂnmaﬂmﬂumy%uwu

(Cutting) UAZUHUTUNING VN (Polished rock slab) vialszinaniia 2
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FUANAT 81 3 IFUANAT LATHUT 1.5 IUAINAT 1ieIR38uA0819d 11T
a 4 = Yy 9 . . .
MSAATIEHNMENIN IaemsaneIn1elanaed (Microscopic analysis)
Avgn Uiy Aumilen uaziediuasiuiuanin ldgnuaviia
I~ Y ] A a Y o (Y 1 ~ 3 9 a
@NU0UNI 4 UAaINAT (20 mesh) LAIMINTHABAIDENNVUIALANAIVLTFU
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YA No. 200, 400, 600 AL 1000 ANAIFL HAIINTY MMIVANTIETeUTU
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33 3EMTIATIZHRIeea (Methodology of sample analysis)

v
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1 1 a zé 9 1
msmarlsznovvosniuiiy ¥lszneuale Usuasiguazaiulsznouniunil
@ 1 a o a A ~ . a 4 a 4
VYDIAIBEINHUA AU ABUNT 81T (Organic source rock) 1A8AITIATITHAIY NI AATIEH
a 4 a d
Taedszunas (Proximate analysis) N1531A5121 1A8aI00a (Ultimate analysis) N153IASIZHA
AU OUTI (Heating value) 1azm3AAT1eH 113 lada (Pyrolysis analysis)
MIANEIAUNINATURUNI 0NN ANTANNNIENNVDIRIDENAUAUTUIABUNT IS
o = a a . =S = Yy v 9
WINSANYIAQ1ITIUIING (Petrographic analysis) FuJUn1sANEINelANABILAITZ NOU
. . A a = 2 o A v
(Reflected light microscopic) TagmaiamsAn 1l I MNoNMSHIgNINLIAAUNTHL TUAS NOU
A o a 1a A J Y a a A J P a a a2 J
HAZINDIUNTUAVDAULTOUNTY (Maceral type) 1aun stiaIng lud (Vitrinite) ¥Haalas g
... a A a 4 - = a 1a A J J dy Y
(Liptinite) 11 ¥1AdIUDAT 1WA (Inertinite) FIBHAVOUWTDUNTOM AT NIT0 1HlUNTI2Y
a Y o a A = Y A g’/ 1 a 9 o a A = A
winanmvesiudoudutiall Tasdeuld 8nne davilsznevvesiuduiniiall Tnsdeun

a 1a 4 @ ] a 1 a A
mnwuﬂu,i’e)uw’%aué’ammmmmﬂumiwﬂ13mﬂ,umiﬁﬂmmmmzﬁ'ﬂmmwmam

J e e . A (4 a F) o A A =) 9
]11!@] (Vitrinite reflectance measurement, Ro) LW’t)‘mi3@]‘]Jﬂ”liq’ﬂ“l]i’]Q‘Viu@]uﬂ%uﬂﬂimimﬂullﬂ
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Rock samples

Air Drying
C Rock slabs > Crush to top size
4.75 mm. @4 mesh)
Crushed to 0.4 mm Keep
40 mesh)

|
Crushed to 2.36 mm.

> (8 mesh)
Split 1/4
PR

12
C Weighting )
( Polishing
M 7 Air Drying

Heating 35+5°C, 18 hours

Petrographic analysis
Weighing
Grind to 1-0.125 mm
(18 - 120 meshy
Grind to 250 um Grind to 62 um (250
(60 mesh) mesh)

Vitrinite Random scoop fo
Reflectance mixing

Analysis

Geochemical Analysis <

9
%

H Y] [l o (% a 4 a a
E‘ll‘ﬁ 3.6 GU’HGI’E]uﬂ'limdiEliJ@]'J’E]EJ'I\‘]ﬁ'IﬁﬁJﬂ'Ii'JLﬂi'l$ﬁﬁiiﬁlﬂflL!ﬁ$ﬁﬁ'l')iimu1'31/]fl'l
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d
331 MINerissaiai (Geochemical analysis)

v
awv A 4 R

o a X a o
11!\1TL!'J%ﬂuqﬁﬂ1ﬂ15ﬁlﬂ§1$ﬂﬁﬁmlﬂﬁ §0ﬂ5$ﬂﬂﬂﬁljﬂ ﬂ']ﬁ')tﬂi'lgﬂiﬂﬂﬂﬁgiﬂm
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= 1 ad 2 1 dal
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7 v Y
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A A =2 W Yo 9 a oa ' a wa
19509 Leco TGA-701 (31U 3.7) @alaviimanadey o Wewlfiamsvesdiuilfiiania
5583N81 (Laboratory Section of Geology Department) 1Hioausinng 3aniad1d veams

Tihdhenaauvalszma’lne
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o ' o q Y Y 9 Y = <
HIA198199 NI IRUNIAI8M TR UANToUTN 35 °C 1TuIan 18
o ° @ ' Y 9 '
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Y
3L ATMIAIAMIYSNAANNFUIINYIAI0E19H Y ATUITD
aaldnn aumsh G-1) AUNINTITH ASTM D3302/D3302M
(ASTM, 2011d)

M, = [M,q x 100 — Mf_, 36 o] + MfL5 36 ) G-1)
100

A = zg % Y tg Y . .
M, 1D ﬂﬁuWﬂ!ﬂﬁWﬂ%uIﬂﬂuWﬁuﬂllUU3']3Jﬂ']'lﬂJGIﬂ!L!a$Lﬂ'l (As-Received basis (%))
= a tg aol Y = tg A 1 d‘
M, f® ‘]J33J1ﬂ!ﬂ'J'INGBL!I@‘t’JlJTVil!ﬂLLU‘U?Jﬂ'J'IiJ%HL‘Haﬂ@gﬂlﬂ!%ﬂ‘ﬂﬂﬁ@ﬂ (As-
Determined basis (%)

A D zil a .
M5 36 mm) ADUIMUANUFUDATE (free moisture content (%))

s A o v =
2. ﬂ%ﬂWmﬂWiU@uﬂQﬂ mu’m‘l@mnﬁumiﬂ 3-2.

%Fixed Carbon = 100 — (%M + % VM + %Ash) (3-2)

%Fixed carbon 70 UF1NAUMSVOUAIN (%)
Y
%M A9 UTINUANNFY (%)
%VM A9 USuIaTIve (%)

%Ash A0 Usuaadi (%)

a 3
3.3.1.2° m3AneHlagazden (Ultimate analysis)
a o ~ 3 A a s
n153ATIgH lasaztooa 1Junisnaasuine 1S uianisusy
Y] 4 o ]
laTasnu Tulasu vazdaos 1990208190 WNIATFIUVDY ASTM D5373 — 08 standard
9 A & Y o
(ASTM, 20119 Tael¥inS0anaae U LECO Model Tru Spec CHN &4 1a¥i1n15naaey o
Woulfiamsuesdiuliian1nssaiine (Laboratory Section of Geology Department) 111/94
wng dandaaiihe veams Iihihendaurailszmelne
) Y
NANMIMOUUBUATBMATBVY A 1303MIAATIEHMS
14 Y] 4 [ A 4
mSvou lalasiou uaz Tulasiou vazdalos 1da Tudaninases Sumvessiglugiuuy
(4] . 4 o [ T Y 1 4
VBN CO,, H,0 18z NO, HUATBIMNATLITINNMIATIVUAMMBHAIHAITZ VY Infrared

1 [ 4 4
detector (IR) 423 UY thermal conductivity detector ualsunasamlos Lﬂ%’m‘ﬂﬂﬁ@ﬂﬂz
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1 glz o Lﬂ' 3 tﬂ' d[ =
Yaalasseonunluziuvvaisazats TuasumIMAIUVBUATRINAGOY A331N 3.9 Fal
k4
s19azRuanIne il
LK% 1 d‘ 9 (% 1 LK% 1 zﬂ'
n. lasegranassmsnagev Ysuim 0.1 n5u Tuseelddaredis e
o A a A o Aq Yo a A o Y
Mmsnngamgil 71950 C Tuaangnlsmaeondiou tivevilv
o ' { J o o
aedralimalasugy dluanmzie lusduuuie co,, 1,0,
1ag NO,
2,’, Sldy 2,’, dy o Yya o a
weg: luduaeumsn ludtduasuiiowldinamastia
1 A
autluin1d 1wy so, msmsaasduileusindesldans Reactor
[} v 1 dy
e umsuNsriaIs il
1 Y
V. 1A30INAFRVITIINTATIVIVLAAIAA1 1811 (H20) uag CO2
d’ d‘ % =)
N Infrared detector (IR) cell easivialSuialalasmunay
4 1 4] " . I 1
ATVBU AIUNS oxides of nitrogen (NO,) gnten liilu N2 Aou

4'19) 69 Thermal conductivity detector cell tNDA5219TAYT W10

TuTasu G 3.9)
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99.995%
cO2 reagents COo2
=0 H20 H20
A SOx A NOx
C Result 8 H Result s
—— a7
CO2 IR Cell '— H20 IR Cell —.-l
\J

chQ
A

A < r rify ..
Thermal & *
Conductivity Cel

N Result

M F )
510 3.9 FuapUNITAATISH lasaziBoa eyl naniiveu lelasnu uazlulasnulay

U

IAT09AIIVIALVY IR cell 1AL thermal conductivity detector cell

o o o 14
marmSnadaesildnnmssnadamessiy  Tasmawn v
1 Y
@18 Flame of sulfur compounds (ASTM 4239 — 12, 2011G) FIVUABUMIATIVIVLT U0
[ I4 d' ~ =) =) v o 1 dy
Famlpsvounsoanaaen uaasluzin 3.10 Tswazidoanminsiinaeae luil

a

n. ahmswnaledns S 03 nsu Tuaurn fguvigil 1350 € Tu
A A
AN NUBBNFIIU
1 Y o J o J
v, sgranmewn vl damlesuazansilsznevdanloignnuazesn
a J 3 o 4 J
¥ lad liitludamles lasenlea (S0,
Y
< o v v
A, ANUFULAZOYNAVIAANGNTIIAIN Gas stream  1ABAINTDA
(Filter)
v o o 4 J o =< A
4 WAty madsamles lasen lud 9zgnasiviauazgadui IR cell

TagdIn399ANVE1INDY (Wavelength filter)
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%

d' a 'é = A =Y [ 4
31]7] 3.10 TUAOUNTIATIZH lavazioeaerilsuagames

as o =
MM YS NN FIAU (Oxygen content)
51000 FY TINT0fmIUI IaNTUNITN 3-3 TAMIAMUINIIN
4 % 4 L o
waswveddTiamsueu lalasnu Tulasou vazdamos uaziSuaad 11nain 100
%O0xygen = 100 — (%C + %H +%N + %S + %Ash)ﬁld (3-3)
A
110
= a
%Oxygen 710 UTWa100NTOU (%)
4
%C A9 USuuMSuoU (%)
%wH fo USualalasmu (%)
%N Ao USnaluTasu (%)

o 4 a o
%S ‘ﬁ’f) Usunugames (%) "lﬁlﬂJﬁ]"lﬂWﬁﬂﬁ’JLﬂﬂgﬁTﬂﬂﬂigﬂ”lm

a d
3.3.1.3 MIAATILHMAIN50U (Heating value analysis)
MIIAMANUTOUITI (Gross calorific values) YBIAIDEDIUHAY IaI

NINATOUAIVNINTIIU ASTM D5865 — 10a TaglHnToanaaoU Bomb calorimeter Leco AC-
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350 (310 3.11) F9ldsimanadon w Heslfiansvesaul§iansssainil (Geochemical
Laboratory) #ileauinng saniadinhe veams Iihihendausvistlseme Ine
wanmsiauna ldveaunsesnaaon Bomb calorimeter Leco AC-350 19
a 4 1 9 9 Y A A a o [ A a
Anszimannuioudlensr vl luangiioondan taziimsiananuguwgl
v Y

% v v 9 . S o [ =1
19311 14979M5797aA050U (Calorimeter) 1AslUUADU A9
A, AouUMIN 1nsladaed1e Usua 1 a5y ludaeladedis
dvsuman Tugl (Fuse) (VH1AUDY Wire length 10 cm)

1 Y 1 X A 3 ~ Y] {A o '
. JaoslWiudrg Cylindrical container NUT3928NA 198191

o v @ 1

Y
#10 Fuse Tagldaiuvesszun Idniududasuaiuves Fuse
4 ° ~ 4 Y [l . .
e ldnsn Indiauysal udr 1 ldaaed191u Cylindrical
. Y o a) . . . A A 1 o
container LA2711015U A Cylindrical container Mi¥DNNDNUTSUY
Thuazilaszunlieendoulumsw nsd1¥idrg Cylindrical
container
Y
A, ULRINFARTIL A6 dauvesginsalvhininianis
A a io’ A o Y a
nlasumlasguvgivestih vagikhimsw Tndouiu
3 Y Y o s 3 o A A 9
& dupeuganie lihmssuihminvesnnimiaesnmse lud
Tu Wire tazi1ms asiasaale 1u1a59u (Titration nitrogen) AN
9 a Jd o ' o ag
ANMNIBUVBINITAUATIZHAI061992gNAIUIN TABNI1TID
Multiplying the corrected temperature rise 122191305 VUAA191A
[ Y 2’, = [ 1
J998n18UBNILATHAY1N Fuse heat W3 ouNnalin15Usvann1ve9
= Y] 14 4 o
YSuadamles Tulasou uazasisenevdug areedoninu

1 o o 9O} v 1
LmﬂﬁNﬂJ’éNﬂ’Nll%}E]u%1LW1$LL€1$LLEJﬂI@]ﬂ@?ﬁﬂﬂ?ﬁuﬂﬂlmlmag

a151seneov
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gﬂﬁ 3.11 Lﬂ%ﬂﬂ’ﬂﬂﬁ’e}‘u Bomb calorimeter Leco AC-350

33.1.4 maannziinlslada (Pyrolysis analysis)
a o A A 9 A
Msnnsizd Inls lagainisnaaeudlanieoanaasuaisldszney
I'4 4 % ]
laTasmsveudeszuumaou 1mi (Hydrocarbon Analyzer with Kinetics; HAWK) U84479814
1 = a %’ % . a =)
MUz HUEIY H9013UATIHLUD HAWK U5enoudis msimsiznmSunamsueu
=) %’ %
FINVDIDUNTUET (Total organic carbon; TOC) mMsvdsuaveniiutazine 15w (Oil and

a

{ o 1A . a 1
kerogen yields) ttazminigaurininii1 141 Tasidennoina (Thermal maturity) N1334A51ZH 1
~ dy Y o A vy a oa .

T5'la% ey HAWK u"lﬂmmi‘vmﬁammmﬂgmmi Energy Resources Consulting Pty. Ltd.,
UszinAoodng@e

HaNNIIR1NUVBUATOINATOY HAWK (Hydrocarbon Analyzer with

. . A o A 4 9 o v J U
Kinetics) 1in13as1viadsuiaaislalasaisuen Usenoualiomsmianuaunussenin
UYSu1uv09 Oil yield (S1) 1/5u19 Kerogen yield (S2) hagszAuganaiuaziial (Elevated
temperature and time) 3¥M319M15 1Az 1 15 laFavounTeanaaey HAWK a1edan310ia
1 2 [ =Y [

11UV Flam ionization detection (FID) Tuarunmsnilsuranis co (Uu S3) Suraunis co
18z CO, (VU S4) §nA3I93AR218AIA599IAUDY Infrared (IR) detector cell 55H3I19N15LHY

o a - 0 3 A <
izﬂuqmﬁgﬂuumzﬂu “IN‘VIﬁﬂﬂﬁﬂ%ﬂuﬂ’.)“lﬂ"llﬁ)\uﬂiﬂﬂ HAWK Llﬁﬂﬂiug‘ﬂ‘ﬂ 3.12
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A Pyrogram - FID
900 0.25
800 |
0.2
700 |
o 600 - 0.15
£ B
2 500 | 2
g 0.1 §
400 a
5 z
@ 300 - - 0.05
Q.
£
& 200 -
)
100 |
Sample Temp e | D
0 : : : : : : -0.05
0 5 10 15 20 25 30 35
Time (min)
B Pyrogram - IRCO and IRCO,
900 , 4
[ s3] 3 | s4c02 s4co | S5
8o |- S3CO . S3CO RN | 35
Pyrolysis Oxidation
700 fooo e L3
T R A B T — 25 B
g £
2 500 A L2 O
:
g 400 f---emmmmeeefe A - 15 3
2 G
(<5
B 300 1ot e e e A oo -1 8
5 &
D200 - e e X Y 05
100 e Lt TN S T, -0
Sample Temp e [RCO2 = |RCO
0 : ‘ : : : -05
0 10 20 30 40 50 60

Time (min)

517 3.12 anwduiusse T umues Oil yield (S1) USu1as Kerogen yield (S2) USuna
) 4] @ a = @
M CO, (S3) U CO seAvgavgiitaza 4931 A uaain1snsiaia si,
S2 and Tmax 828 FID detector ttaz31) B uaasmsairviatSunaiig co (uu $3)

[} 9y
saza/suanas CO2 uag CO (UM S4) A2 IR detector
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a da a
3.3.2 MIUATLHANITTIUUINGT (Petrographic analysis)
a a o a 4 ] Y [} v a
TumsanpanssanIne ldmmsinagrnnurudesganinE suiuveaiv
2 a (Y 1 @ { 1 x o a 4 (Y % ]
IAEFURY LazAI9819UANTNN1A8A1Y Epoxy resin ¥4 1amsinsiznindavesdiodig
g}/ g’/ g}/ 4 o a 1a 4 T A
MIHUAN IULUIAIRINLAZ UV DTN HITHATOSOUNIE (Maceral) LagiisoHUN
4 (Y ] g}/ 1 Aa a 4
56 (Mineral) Y046 20819NIHUA HATMIAINT AL RO UNAIVDIINT U6 (Vitrinite reflectance;
1 Y
VR) 48442086190 UNT 8815 1 011A1 VR HNIMI1szavveaniIsnotnaaislszney
4 . Ao o Jdo a a a = = 1 1
lalasamrsueu (Maturation) NduWusAUguugllumsfavestll Tnsiden Fariigvednr VR

I
szuananaeonuiuSinadesazued VR #30 %Ro
(Y o o = a a a A o = Y
nann 1N llvesmsdnwifanssaninevedunsdansezanyinie1a
v 7 9 . . 2 A Aq Y = o A
navdganssAuLD19es (Optical microscopy) Falvatelsznninlylumsmny aell
A, NABUVVLEIATNOULAZIAINIUTU1Y (Reflected and transmitted white light)
Y s = Y
Y. NA0INVUNGDBLTALEUA (Fluorescence) N5 nDUAIBUAILU
v . Y Yy .
dans112Te1aa (Ultraviolet; UV) uazndoaudanszqaudin (Blue light
excitation)
Y J . . o [ = a = .
A. naowaaInallss (Polarized light) @1MSUMIANYIAITOUNIOANT (Ruiz ef
al.,2012).
a 1a S o v Y o 2 U
AMTHIFUAVDIUTOUNTE (Maceral type) 11 1aa18n153unuaz sy voaus
a ~ J T A A d 0 a I 9 = Aan = 9
duUNsdazusetuUNI dupazyiaeenuulusesaz oS Taelisn1smilsuiadlenis
o o 1 1A A a dy o (] o =y
WU IWIUVBAUAALUIDUNTIA1Y MITANEIAAITIUUIHT 8T wundSuavesas

£
ﬂul‘iﬂ’ﬂuuﬁ$ﬂﬁ@]i?%?ﬂi%ﬂ‘ﬂﬂﬁlﬂﬂ‘ﬂi‘]ﬂimlﬂfiﬂﬂi’)ﬁlﬂ‘ﬂﬂﬁ]u (Oxidation) YB3IIBYIN

a d
3.3.2.1 muilszneuusdunad (Maceral composition)
a 1 1a ~ % 1 ] Y A Y]

FHALALAINYTLAOUVDIUTDUNTHVDIAIDE LA UNTINGE o1 UV
a ¥ o 1 a Yo = Y 7 D) ) wa
Authdunazoudu lainsanineldndessanssaivunlduasaziou auduiidves

[ 1 o = Yy 9 4 9 9y 9y
uaazanvuzvesimsanunieldndesganssmivunlduasazdounuunisnszdu
o o % I o

uaaInan lsduazeansiluan #91a 1995 MsAn UM oUAUMTANYIUD Stach er al. (1975),

ASTM D2799 — 11 (2011) and ICCP (1994; 1998; 2001) H®N1NUNITHIFHALTOHUNI Sy
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usetiunsdsa ldimsdnyinieldndeauaauuy Plane Polarized Light (PPL), Cross-Polarized

Light (XPL) ttag Ultraviolet (UV) excitation 1ag% 11/ ma1v0uaazisa103smsiusiuiuga

& v

1NN 100 98 MAUAAE AUNHTNAAUDIA0819NANE

a A d
3.3.2.2 MMTAZNOUUTIVDIING IUA (Vitrinite reflectance (Ro))

a o 1 9 a a J I ax o Aq Y o

MIAATIEHIIAMMIazNoULAIUINT lualudsudnnldmszdy
a 1 a 4 a 9 o a A = [

gungivesmsnemavesdisdizneulalasasvouluiiuduiniiail Tasi@on vannis
a d o Y- @ 1 1T A Y A o A Y . . .. 0w 1 @
5121 1A Taen151018719e 1R U R UN TN o AADUAY immersion oil 111208141150
1 4 o
AIMIALROUVDIETIAIINADITANTIAULVUTZROU Leica MPAS00P system 3 UUNADIT
MMsasIvianmuaazneusenilunilesosazvoInITAZNOUIAT (%VR 3D %Ro) H31

M31/52uanan e Hilgers DISKUS software U84135N ERC Pty. Ltd. o 1/5eimeoamasiae

Y 9
a o 1Y o a a 4 o ] 1 a ]
M3I98A5 91 IAMMINATauMIaETaULAIUBIINS MAINAIDENIUANUNAY 2
#19819 181A GI1981901UHY A (Coal A) HAZEIUHAY B (Coal B) 1as¥iinseissud10e19d8

I ¥ < 1 A A o ' A @ [l 1 o 1 1 A Y
ﬂTSUﬂiﬁblﬂ‘lJUTQLaﬂﬂ'J'] 1 Uaauuag (18 mesh) MNMITFUADNAIDYNUAATAIDYWDIUNU Gh’T

v

v ¥ [ Y o Y ' A v 1 9y = =

18w Uszuar 10 n5u udvimsvasdlegianianuiszuanindiealen1idnend

. v ' Yo v 2 o qu < o & o

(Epoxy resin) iaatlaselidiognalvinagiuazudady Tanaszuna 12 $2Tue vasnium

o Y v A o ] A 3 o 9 g.ll ~ o ] o o = 9

M5UANTNTUIEoUA0819NUTIAILE D ANTUABUNTIASINAIDE19d 1S UNTANEIN8 1A
9y 4
NAaoIYaNnI s

ax [ Y a A Jd Yy 9 4 Y b

Fmsmaasviasmsazieundiweding luameldndosganssminuuaznounas Tagld

o g Y . . Y o [l T A Y A A a 2 Y o

MMsneai iy (Immersion oil) asuudIe i uRIMGoUNEs o' ndesazshnig
9 1 ' i1

a1 iamsazioundavesiuidiod1 9 9 201519 luaseu (um’) NANVEINAY 546 nm

Tagldidasvensveandosil 500 111 (500X) udmiAMsazRoULAUNASFTIZA (Maximum

VR, Ro,,,) HagamsazRounasuuugy (Random VR, Ro) A28M131i9aA1a%Y LAZLaada

max

ST ' v
ponu N UTosazU0IAINITAENOULE (%Ro)
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AIUNN ll@%}!.l,ﬂ ﬂ1§ﬁﬂy1‘ﬁ3€!3ﬂfﬂ MITAUFURUAZNOU MTAATICHNINTTAAY LAz

001518 awaaL

4

= A oW :’J a =~ d'd
4.1 ﬂﬁﬂﬂ‘H1ﬁ§ﬂ!’3‘ﬂﬂ1!!ﬁ$a1ﬂﬂ%u“H‘M‘lu‘wu‘ﬂﬂﬂy1

1 12 I 1 < 1A (2 a
oA uuesvuIaanuuy half-graben LL?NlIﬂ?i’ﬂ\‘l@]’ﬂﬂ!&ﬂ’)‘ﬂﬁl‘ﬂﬁﬂ -

= a [

azTuponReiile 1 Naaziuannesld - azduaninesld waninmsfianumaauiui
9

nilunieso iy Farunuluveumuaziuanueanss 1n3119a21uuua N10° - 30°E Tasi)
1 Y
madeun ldnandaz T ueonh 40 0981 NS UFURUADUAI LAZUNTDIUNTDINIT 20
Y v
o1 dmsuFuiuaouuy (3UR 4.1) miteiundn lumilestuiumiay Uszneudiediay
g‘; a d A A gj.; 4 ~ 1 4 a3 - 1
FURAUOWPNOTIFET 1Az FUAZNOUAIDINDTUTT nguAznoUAIomesuIntuaznoud i

[

IS o a a
LU ﬂigﬂﬂﬂﬁjﬂﬂﬂiﬂﬂ Nn3Ig aenauaul Tﬂau LagaugNIN ﬁmmwmimﬂszmm 5 AT

a

v
A A a

1 [ d A 1 A 1 = R o 9
ﬁﬁuﬂq%@]gﬂ@uﬁﬂﬂﬁlsﬁﬂﬁﬂﬁzﬁNﬂQiulWﬂ@Qﬂ]u‘Hu%ﬁﬂH? ﬁ']il']'iﬂ‘ﬂ'llluﬂ]’lﬂ QMBY]
[ I [ ' ¥ . ¥
ﬁﬂHﬂ!&ﬂW']Z@@ﬂLﬂu 3 ﬁﬂ'lWLL'Jﬂé}ﬂiJﬂ'ﬁﬁZﬁiJﬁﬁﬂ hlﬁ}LLﬂVHQHW (Fluvial) ngﬂﬁ']‘UUT%ﬂ
. = = Y ] a A Y 1
(Lacustrine) HaZHUDILN (Swamp) “]N‘ﬂ'igﬂ'ﬂ‘ﬂﬂ'm 5 UUAWHU (913190 4.1) llﬂ!!ﬂ ACNDUNN
8 . ] ) . . s 3 o .
U1 (Fluvial sequences) ANOUVUIALAN (Fine-grained sediment sequences) HUUINU (Oil shale)
1 a = J J .
DIUHU (Coal) wazd lowns lad (Leonadite) (Cook and Sherwood, 2003)
g’/ ¥ " Aa I ] ] 1 g’/ a Scl @
%']ﬂﬂ']iﬁﬂ‘kl']ﬂﬁ\?ﬁ ﬁ']‘ll']ﬁﬂl!’]_lﬁﬁu@i’)ﬂlﬂu T YiUYg08 hlﬁ}LLﬂ (D) FUHUHUIWUADUDU
2 Y 1 g.}l =) %I % g.}l 1 =
(Upper Oil Shale) (2) ¥UVUHINUADUA (Lower Oil Shale) (3) Furnuiulusuoutu A
(Oil Shale in Coal A) (4) 91UHU A (Coal A) (5) D1UHU B (Coal B) (6) 91U%U C (Coal C) 1az

(7) @Touns 1ad (Leonardite) Aaudaslumisneh 4.1 nazgalii 4.1
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H [l a Y [ @ g‘; a
5U7 4.1 amTassawvesmieuiau (A) (wes lineiald-aziuan) msnedrvessuiuly

uuszuu luuu) NE (B) uazmangan linanaaz Tuoen uag (C) (wodlidnans
18)

a I A A 1 I a I A a I A 1 =
HUBIYINDILTYT u,ma’oﬂuJuﬁmﬁum'e)snfﬂ'mauuuuazﬂgﬂﬁumaswamaumq u

a o &
719 IDYAAIU
a == Id 3’/ A A v 1 A o 4 A ()
FANUNDILFYTADUDU gﬂu%uwumnmmmmn‘umnauﬂ’mmaimimgmu‘uu

3 &

9

sunudiuIngilszneudreiuniteuaziunsiauu dmeuderdaum uazdrimanas ¥
4 7 s a 4 s 4

Usznoudeniond ilaadihi vazepdugan I fimsdszarudiemsvea 1ngld 4.2
1 2 o Q/ 901 1 o QJ

A LAAIANULANAINVOITUAZAVANYULVBIAIAVVDIALNBUNINUT (TBOU) uazdIAL

¥ . 3 g o &
mﬂauﬁummmﬁmm%’ﬂ (%L“ﬁ}ll) EN"lﬂﬂ’nuumﬂeummmlaﬁmuﬁﬂ YAULTAITUASNDU
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S o

A 1 [ A v Y a o A 1 a (= Y3 a aAaa
VN 4 NUANANNIU NAUIATUNAASIUANUVDUNNUDIDTUNULNADY Llﬁﬂ\‘lﬁlﬁlﬁu‘ﬂu‘ﬂl@uﬂﬁﬂ

L .
Asminvesammadonilunuesii (U7 4.2 B)

a J

a A 1 I gj a a A A [ 9
YANUINDILBYTANDUA N Lﬂu%uﬂumﬂauaumﬂ‘ﬂﬁzﬁmgiuﬁmwumaammu

? A =

Y
NZ@AUUIIALAZHUIDN VHUIUKEN 3 HUIY ﬂﬁgﬂf’)‘ﬂﬁaﬂ HudY 01U uazale
4 d Y] c;y/ a Y I 1 a [ 1 - %
u'lﬁulﬂ‘ﬂ Wunan sunutaasiiiurileiudesaieniien1e@ 1uu) SSW agause

" Ao H
Wu'5'0&m@ﬁﬂfﬂmummﬁmwumé’ammumLaﬁmm%‘mgazwumﬁq

] a I A A =2
M19519 4.1 KUYV UINDIIFYTUDIUNUDIUNAD

Environments Unit Sub-units Thickness (m)
Fluvial Fluvial sequences (semi-consolidated) 65.50
Lacustrine Fine-grained sedimentary sequences 5.50
Oil Shale Upper Oil Shale 3.14
Lower Oil Shale 2.16
Qil Shale in Coal A 1.13
Swamp Coal Coal A 9.26
Coal B 3.95
Coal C 4.65

Leonardite Leonardite >3.00
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Y v v Y
4.2 NUNVOUMUAZ T UANVO AN DIDTURULLAY HAAINUIGNTIDIADTEHINITUY

a 14 ~ %’ %’ A a
HUAIDINDTUIT ACNDUNNUT UASASNDUNSIATIUUIIA (A) (um"lﬂmmﬁ

o o ' a a s S Y =< A
ﬁgﬂu@'ﬂﬂ) aﬂymsmmmuﬂuuazaTami‘lﬂﬁﬁluﬁmwumaauLm‘uwumm 7N

=n.

1

VOUMUAL TUANVD UMD B) (um"lﬂmqﬁﬁmﬁ'uﬁﬂ)
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Y
VINMSANEIINGIRY anmuIadeunuunziad1uie awsoutela 2 viseiu
9 1
laun
] a < ] X a 4
(1) MirghuaznouMIAazIDen Feoglunoudu Feaznouliarsounsdazduluy
4 v
AznoUTRY IniideHuini (Ol shale) oglunpuais (U7 4.3)
] a A Y = Y ] U a A [l
@) mienunazauluaawuindeuuyunuedle Uszneuals nilen1uiuned

1 a A 4 4 1 J A
aouvULazMIeHNE Toud lad oglunouaia (U 4.4)

S 5
.’n;ga_
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SCusE
THCONESS

10300

nan

1003

UTHROGY

Quaternary
gravel, sand, silt, clay, mud and lateritic soil

L

Upper Tertiary
Sequences of fluvial sediments of repeated

cycles of conglomerate, sandstone, siltstone,
mudstone, and claystone graded bedding,
fining upward sequences with the total
thickness about 69.5 meters.

rr=<{car=

VNV VNV Unconformity \V/

Tertiary

Itstone, claystone and 8 ¢ Sequences
of brown claystoneintercalated with yellow
mudstone.

Qil shale (Upper): Gray, dull, laminated

thin to thick beds, tough to stiff, with some
of fossilremains

Oil shale (Lower):Olive, laminated

sequences ol gray to dark olive, dark gray to
black, tough, with oil smell on fresh .

MZ=N-"CO>

Coal A and Qil Shale

Black coal, vitreous appearance, dense,
brittle, conchoidal fracture and cubicle
cracked on the dry surface.

Dark brown to black laminated oil shale,
dense, tough, interbedded.

Leonardite;Gray to black clay, platey
cleavage, soft, dull to black ship when dry.

Coal B:Dark brown to black, dull to
vitreousshowed layer of vitreous luster,
dense, sub-conchoidal. moderate hard.

Coal C and Leonardite:

Black coal, dull to moderate luster, brittle,
sub-conchoidal plated fracture,

Reddish gray leonardite, dull, crumbly, platy
ship when dry.
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4.1.6 vERUgRRMINUABHAY (Lower Oil Shale sub-unit)
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v
NNU1 (Fluvial) Fluvial sequences (semi-consolidated) -
v
neagIvNIIa Fine-grained sedimentary sequences -
(Lacustrine) Oil Shale Upper Oil Shale 4
Lower Oil Shale 6
Oil Shale in Coal A 4
=1
NUDIUN (Swamp) Coal Coal A 11
Coal B 4
Coal C 11
Leonardite Leonardite 4
33U 44
a o ] a d‘ = =4 o w 2’, a 1 (=}
AN 4.3 NTDTUIYADYNHUALNDUNNDUNTITITANNANAUF UV U UDILDILNAL
Sub- Sample Descriptions Thickness
units NO. (cm)
Reddish brown to light brown oil shale, clay- to silt- sized particles, dull, very
OH10 hard, consolidated, tough with calcite cement, laminated thin to medium beds. 24
° Black to brownish black oil shale, dull, moderately hard, semi-consolidated,
<
7 OH 9 laminated wavy thin bed, with shell remains interbedded with 1 cm. thick brown 107
9 siltstone.
Q
&
=) Black oil shale, dull, dense, moderate hard, clay-sized particles, tough, semi-
OH 8
consolidated, platy cleavage laminated wavy to parallel very thin beds. 96
Brownish black and dark green oil shale, clay- to silt- sized particles, dull, dense,
OH 7
hard, tough, laminated thin beds, sub-consolidated fracture with fossil remains. 87
Yellowish gray to grayish green oil shale, dull, hard, tough, uneven laminated
OH 6
2 layers, with fossil remains. 56
=
2 Grayish green to greenish black oil shale, dull, tough, moderate hard, semi-
o OH 5
E;; consolidated, sub-conchoidal fracture, wavy to curved lamination. 28
=}
~ Yellowish gray to grayish green oil shale, dull, hard, tough, laminated curve with
OH 4
fossil remain. 32
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Sub- Sample Descriptions Thickness
units NO. (cm)
OH 3 Dark grayish yellow to greenish gray oil shale, clay- to silt- sized particles, dull,
hard, sub-conchoidal fracture, platy cleavage, laminated to very thin beds, with 27
é smell of oil shown in fresh rocks.
§ OH 2 Black gray to greenish black oil shale, dull, hard, tough, wavy laminated to thin
% beds, with fossil remain. Smell of oil shown in fresh rocks. 39
OH 1 Greenish gray oil shale, dull, hard, tough, sub-conchoidal fracture, platy cleavage,
laminated to very thin beds, with fossil remains. 34
AS 4 Dark brown to black oil shale, clay- to silt- sized particles, dull, very hard, stiff,
consolidated, platy cleavage, micro lens in places, very fine to fine lamination, with
yellowish brown siltstone interbedded 3-5 cm. thick. 23
< AS3 Dark gray to black oil shale, clay- to silt- sized particles, dull, tough, hard, semi-
§ consolidated, even, platy cleavage, micro lens in places, very thin to thin laminated
ii beds. 30
8 AS2 Dark gray and yellow oil shale, clay-to silt- sized particles, dense, platy cleavage,
micro lens in places, wavy very thin to thin laminated beds. 28
AS 1 Dark gray to black interbedded with yellowish brown oil shale, dull, dense, waxy
luster, tough, platy cleavage, very thin laminated layers. 32
All Black coal, moderately glossy luster, brittle, conchoidal fracture with sub-cubic
cracking, semi-consolidated, very thin lamina siltstone interbedded. 143
A10 Dark gray to black coal, moderately dull to moderate glossy luster lamination, brittle
to stiff, sub-cubicle cracked, 0.5 - 1 cm. thick beds. 51
A9 Black coal, glassy luster, dense, brittle, conchoidal fracture, cubicle cracked.
56
<
§ A8 Dark brown to black coal, dull, moderately hard, tough, platy cleavage, alternate
siltstone 2 mm. to 1 cm. thick interbedded. 21
A7 Black coal, dull, dense, moderately hard, moderately brittle, sub-conchoidal fracture
to plate cleavage. 89
Dark brown to black coal, moderately glossy luster, dense, moderately brittle, sub-
A6 conchoidal fracture to platy cleavage. 58
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Sub- Sample Descriptions Thickness
units NO. (cm)
Black coal, glossy luster, brittle, dense, conchoidal fracture with sub-cubicle
As cracked. 84
Black coal, moderately glossy, dense, moderately brittle, sub- conchoidal
A4 fracture to platy cleavage, with brown to yellowish brown siltstone 0.3-2 cm. 97
thick interbedded.
;g Black coal, moderately dull to moderately glossy luster band of 0.3 — 0.5 cm.
~ A thick, moderately brittle, sub-conchoidal fracture to platy cleavage. 63
Dark gray to black coal, dull, dense, moderately hard, tough, semi-
A2 consolidated, platy cleavage, thin to medium lamination. 78
Black coal, dull to moderately glossy luster in discontinuous wavy very thin
Al lamination, dense, moderately brittle, sub-conchoidal fracture. 94
% Black leonardite, clay- sized particles, sticky, waxy luster and platy cleavage
z L19 when fissile. 137
51
=
Dark gray to black coal, discontinuous dull to moderately glossy luster band,
B18 moderate brittle, platy cleavage, sub- conchoidal fracture, sub- cubical 87
cracking.
Black coal, moderately dull, dense, moderately brittle, sub-conchoidal fracture
m B17
7‘8 to platy cleavage. 47
© Black coal, moderately glossy luster, brittle, sub-conchoidal fracture, cubical
i cracking. 39
Black coal, dull, moderate brittle, dense, sub-conchoidal fracture to platy
Bl cleavage. 35
2 Black leonardite, clay- to silt- sized particles, sticky, waxy luster, crumble and
§ L14 platy cleavage, fissile. 50
3
Dark brown to black coal, moderately dull to moderately glossy luster band of
C13 0.1 — 0.3 cm. thick, dense, moderately brittle, sub-conchoidal fracture, sub- 58
i~ cubical cracking.
§ Brown to black coal, dull to moderately glossy luster band of 1 cm. thick,
Cl12 moderate brittle, sub- conchoidal, sub- cubical cracking to platy cleavage, 23

alternate siltstone 0.1 cm. laminated layer.
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Sub- Sample Descriptions Thickness
units NO. (cm)
Black coal, dull to glossy luster band of 0.5 — 2 cm. thick, dense, brittle, sub-
ctl conchoidal to conchoidal fracture, sub-cubicle cracked. 34
Black coal, discontinuous dull to moderately glossy luster, dense, moderate
o 1o brittle, sub-conchoidal to platy cleavage, fissile. 31
g Black coal, discontinuous dull to moderate dull luster, dense, moderately brittle,
<0 sub-conchoidal to platy cleavage. 22
Dark gray to black coal, dull, stiff to lightly sticky, moderately brittle, platy
¢ cleavage, fissile. 27
o Reddish black to dark gray leonardite, dull, dense, sticky, crumble when dry.
g
Black coal, moderately glossy luster, moderately brittle, sub-conchoidal fracture
co to platy cleavage. 46
Black and brown coal, dull with glossy locally luster, brittle, platy cleavage with
o €3 sub-conchoidal fracture locally. 37
g C4 Black coal, dull, moderately brittle, platy cleavage, fissile. 41
Dark gray to black coal, dull to moderately glossy locally luster, sub-conchoidal 23
3 fracture with platy locally.
Dark gray to black leonardite, dull, dense, stiff, platy cleavage, lightly sticky, 56
2 with crumble when dry.
2 Reddish gray leonardite, dull, dense, clay-to silt- sized particles, sticky, crumble
§ L1 when dry. N/A
3
=
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QU | d' o <] ANNHU
AIDYINNIAUND
(1n9)
Quaternary Sediments 5
o Gravel, Sand, Silt, Clays, Mud
1208199 and lateritic soil
Tertiary Sediments 100.16
Fluvial sequences 65.50
OH 10 Lacustrine; Fine-grained sediment 5.50
OH 9, OH Lacustrine 3.14
8,0H7 Upper Oil Shale sub-unit
8: g OH'5, Lacustrine 2.16
OH 3, 0H 2, Lower QOil Shale sub-unit
OH1
All Swampy; Coal 1.43
r AS 4 AS Swampy-Lacustrine; Oil shale 0.53
A10 Swampy; Coal 1.07
A9
y AS2,AS Swampy-Lacustrine; Oil shale 0.60
A8 AT, Swampy; Coal 5.63
A6, A5,
A4 A3,
A2,Al
L19 Swampy; Leonardite 1.37
B 18 Swampy; Coal 2.08
B 17
B 16, B 15
L14 Swampy; Leonardite 0.50
C13 Swampy; Coal and Leonardite 4.65
c12
Cc11
c10
C9,C8
L7,
C6,C5C
4,C3,C2
L1 Swampy; Leonardite N/A
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4.2 HaMSANEIADIITIHUIVOIAITOUNITAS (Organic petrography)
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Lﬂuﬂqml!ﬁﬂuﬂﬁﬂ%u@?ﬂﬁquﬁ (Vitrinite) Lmzaﬂﬁ“lum (Liptinite) BAUAUTNUASNDUNY

dy = " Y 1 1A A da A d A 5, 1 ~ 9
VUHIALIHDAS DN ﬂﬁ@t’lﬁ$6U’E]\1ﬂQ3JLLi’é)u‘V]‘§EJ’WI§lluG] g 12 - 25% 1/]1]§$ﬂ'é)°1Jﬂ’JEJ

A A A o < 9 1

a a 4
msounsongosaarelugilueana (Gelovitrinite) taziABOUNIIIAgIANToy A15psazuoa
1 1A Ja (a o & 1 a 4 a 4
nquusounssalalud Jawa 12 - 24% 1sznoudie 153 1ud (Resinite) 1/o5 Tud (Sporinite)
a a J . N A < [ PR g a o J a < 1
uazdl Tneeas lud (Liptodetrinite) 1iudaulvg Fuilundasmsininmsosndasuueings
1A Ia (a o A ' a o (Y 1 1
usounsgalalud ou 9 1dun a1 lud (Lamalginite) wu 1d ludaed1a L7-4 (317 4.20) uaz
A 7 o ] 4 J 1 dy ] a J a 4
L14-1 (UM 4.21) v naglude19d Tous laauiaril liny galud (Cutinite) Wgoos Tud

(Fluorinite) Ggm’d%"luﬁ (Suberinite) Hazmnand g (Telaginite)
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Vitrinite Liptinite
Total Alginite Total
fMeE1g Telo Detro Gelo Sp Cu Lip Lam Te Re Fl Su In MM
L7-1 1 5 13 19 3 0 17 0 0 4 0 0 24 0 57
L7-3 0 0 25 25 1 0 9 0 0 3 0 0 13 0 62
L7-4 0 2 19 21 2 0 8 12 0 1 0 0 23 0 56
L14-1 0 7 18 25 2 0 10 1 0 1 0 0 14 0 61
L14-2 3 1 17 21 1 0 17 0 0 0 0 0 18 0 61
L14-3 0 3 9 12 4 0 11 0 0 2 0 0 17 0 71
L19-1 0 2 19 21 0 0 9 0 0 3 0 0 12 0 67
min 0.00 0.00 9.00 12.00 0.00 0.00 8.00 0.00 0.00 0.00 0.00 0.00 12.00 0.00 56.00
max 3 7 25 25 4 0 17 12 0 4 0 0 24 0 71
Average (%) 0.57 2.86 17.14 20.57 1.86 0.00 11.57 1.86 0.00 2.00 0.00 0.00 17.29 0.00 62.14

Tel = Telovitrinite, Det= Detrovitrinite, Gel = Gelovitrinite, In = Inertinite, MM. = Mineral Matter

Sp = Sporinite, Re = Resinite, Lip = Liptodetrinite, Cu = Cutinite, FI= Fluorinite, Su = Suberinite, Lam = Lamalginite and Te =Telaginite
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L4 J Y o a
ﬂ1Wﬂﬂﬂﬁﬂﬁﬂﬂﬂiiﬂul!ﬂ‘]ﬂ‘lﬂ!ﬁﬁ AL UNY

‘: ppL | Sample No. L7-4

Leonardite
Composition (%)
V=21%
L=23%

| 1=0%

1 MM =56 %

Vitrinite consisted mainly of
gelinite shows pale gray in PPL
| and dark in XPL and UV
excitation.

Liptinite consist mainly of
liptodetrinite, with some of
alginite and fragment of cutinite.
Under UV excitation,

y liptodetrinite is dark yellow to
brown spots and greenish yellow
dots. Cutinite shows dark

| yellow thin and short lines of
leaves fragments. Alginite
shows white yellow in PPL and

| XPL with bright yellow under
UV excitation.

Mineral Matter are mainly of
clay and silica minerals with
some of pyrite. Clays and silica
show white to pale gray ground
mass in PPL, black in XPL and
dark under UV excitation. .Pyrite
display yellow sphere with
brown oxide rim in PPL and

XPL and dark brown under UV
: : ‘ excitation.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
V = Vitrinite, L = Liptinite, I = Inertinite, MM = Mineral Matter
A = Alginite, Li = Liptodetrinite, Cu = Cutinite, Py = Pyrite, C = Clay

51 4.20 mwldndesganssminuulFuasvesdiodisiiug louns lad (Sample No. L7-4)
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Sample No. L14-2

Leonardite
Composition (%)
V=21%
L=18%
1=0%

MM =61 %

Vitrinite consisted mainly of
gelinite globules display pale
gray in PPL and black in
XPL and UV excitation.

9 Liptinite is mainly of
liptodetrinite and sporinite.
~.“| Sporinite shows dark gray in
| PPL and dark brown in XPL.
Under UV excitation, they
# display yellow to dark yellow
of small to big dots with
=0 | spore shape. Liptodetrinite
B s, \ display bright yellow of very
| ; * 4 small spots under UV
A TR excitation.
T
@ Mineral Matter made up
& | mainly of clay minerals with
-» ,/ silica and some of sulfide
SR minerals. Clay and silica
P show pale gray in PPL, white
I to yellowish brown in XPL
= | and dark in UV excitation.
. J Sulfide mineral show dark
| gray to black in PPL, brown
in XPL and dark brown

4 ) S under UV excitation.

“‘B

PPL = Plane Polarlzed light, XPL Cross Polarized light, UV ex = UV excitation
V = Vitrinite, L = Liptinite, I = Inertinite, MM = Mineral Matter
S = Sporinite, Li = Liptodetronite, C = Clay, Si = Silica, Sul = Sulfide mineral

31] 4.21 mw“lﬁﬂammmi5ﬁmmu“lammwmmamwuaiami"lﬂﬂ (Sample No. L14-2)
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g Vitrinite Liptinite
Alginite In MM
Tel Det Gel Total Sp Cu Lip Re Fl Su Total
Lam Te
C2-1 77* 0 0 77 0 0 0 0 0 0 0 0 0 0 23
C2-2 3 17 48 68 3 0 9 0 0 5 0 0 17 0 15
C2-4 86* 0 0 86 0 0 0 0 0 0 0 0 0 0 14
C2-7 84%* 0 0 84 0 0 0 0 0 0 0 0 0 0 16
C2-8 27 17 35 79 0 0 0 0 0 0 0 0 0 0 21
C2-9 27 9 35 71 0 0 0 0 0 0 0 0 0 0 29
C2-10 0 0 21 21 0 0 9 0 0 2 0 0 11 0 68
C3-1 1 10 37 48 5 0 40 0 0 0 0 0 45 0 7
C4-1 0 2 48 50 12 0 6 0 0 2 0 0 20 0 30
C4-2 0 0 51 51 12 0 12 0 0 2 0 0 26 0 23
C4-3 43 0 12 55 1 0 8 0 0 0 0 0 9 1 35
C4-5 53 4 8 65 10 3 13 0 0 1 0 0 27 0 8
C4-6 28 43 14 85 0 0 0 0 0 0 0 0 0 0 15
C4-7 94 0 6 100 0 0 0 0 0 0 0 0 0 0 0
Cs5-1 68 0 0 68 0 6 13 0 0 0 0 0 19 0 13
C6-1 48 0 5 53 20 16 2 0 0 0 0 0 38 0 9
C6-2 4 0 18 22 21 44 3 0 0 0 0 0 68 0 10
C6-4 0 5 43 48 24 0 8 0 0 0 0 0 32 0 20

* = Texto-Ulminitel, Tel = Telovitrinite, Det= Detrovitrinite, Gel = Gelovitrinite, In = Inertinite, MM. = Mineral Matter

Sp = Sporinite, Re = Resinite, Lip = Liptodetrinite, Cu = Cutinite, Fl= Fluorinite, Su = Suberinite, Lam = Lamalginite, Te= Telaginite
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Vitrinite Liptinite
Alginite
fega Tel Det Gel Total Sp Cu Lip Lam Te Re Fl Su Total In MM
C8-1 32 11 17 60 6 2 12 0 0 0 0 0 20 0 20
C8-2 20 12 18 50 7 0 31 0 0 2 0 0 40 0 10
C8-3 0 0 38 38 18 0 12 0 0 0 0 0 30 0 32
C8-4 0 0 29 29 38 8 0 0 0 12 0 0 58 0 13
C9-1 94 2 1 97 0 0 0 0 0 0 0 0 0 0 3
C9-2 83* 0 9 92 0 0 0 0 0 0 0 0 0 0 8
C10-1 91 0 0 91 0 0 0 0 0 0 0 0 0 4 5
C10-3 84 0 2 86 0 0 0 0 0 0 0 0 0 1 13
C10-4 68 0 6 74 0 0 0 0 0 0 0 0 0 0 26
C10-5 95 0 3 98 0 0 0 0 0 0 0 0 0 0 2
Cl1-1 0 0 67 67 8 8 5 0 0 0 0 0 21 0 12
Cl1-2 0 0 56 56 6 4 8 0 0 2 0 0 20 0 24
Cl1-3 95 0 1 96 0 0 0 0 0 0 0 0 0 0 4
Cl1-5 0 0 20 20 4 0 3 0 0 0 0 0 7 0 73
Cl1-6 25 0 19 44 0 0 0 0 0 0 0 42 42 0 14
Cl11-7 86 0 3 89 3 0 4 0 0 0 0 0 7 0 4
Cl1-8 96 0 0 96 0 0 0 0 0 0 0 0 0 0 4

* = Texto-Ulminitel, Tel = Telovitrinite, Det= Detrovitrinite, Gel = Gelovitrinite, In = Inertinite, MM. = Mineral Matter

Sp = Sporinite, Re = Resinite, Lip = Liptodetrinite, Cu = Cutinite, FI= Fluorinite, Su = Suberinite, Lam = Lamalginite, Te= Telaginite

76
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Vitrinite Liptinite
Alginite

feeha Tel Det Gel Total Sp Cu Lip Lam Te Re Fl Su Total In MM
Cl2-1 94 0 94 0 0 0 0 0 0 0 0 0 0 6
Cl12-2 0 0 43 43 0 0 0 0 0 0 0 0 0 0 57
Cl12-3 0 0 75 75 0 0 0 0 0 0 0 0 0 0 25
Cl12-5 0 0 29 29 0 0 0 0 0 0 0 0 0 0 71
Cl12-6 0 0 67 67 0 0 0 0 0 0 0 0 0 0 33
C12-7 71 0 0 71 0 0 0 0 0 0 0 0 0 24 5
C13-2 82 0 6 88 7 0 0 0 0 0 0 0 12 0 0
C13-3 96 0 0 96 0 0 0 0 0 0 0 0 0 0 4
Cl13-5 0 0 90 90 0 0 0 0 0 0 0 0 0 0 10
min 0 2 1 20 1 0 2 0 0 1 0 42 0 0 0
max 96 43 90 100 38 44 40 0 0 12 0 42 68 24 73

average 34.66 3.01 22.32 67.59 4.67 2.07 4.62 0.00 0.00 0.64 0.00 0.96 12.96 0.68 19.00

Tel = Telovitrinite, Det= Detrovitrinite, Gel = Gelovitrinite, In = Inertinite, MM. = Mineral Matter

Sp = Sporinite, Re = Resinite, Lip = Liptodetrinite, Cu = Cutinite, FI= Fluorinite, Su = Suberinite, Lam = Lamalginite, Te= Telaginite
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Sample No. C2-1

Texto-ulminite shows well
preserve cell walls and cell
ulmin but highly cracked

| due to high moisture content

in coal.

_ | Composition (%)

V=T77%

L L=0%

I =0%
MM =23 %

} Vitrinite consists of texto-

ulminite in telovitrinite
subgroup. They show
structure of cell walls
(textinite)filled with

< gelified material (ulminite).

Texto-ulminite displays
pale gray in PPL and black
in XPL.

Mineral Matter consists
mainly of clay minerals and
silica filling in dry ulminite
voids. They show brownish
yellow to dark dots in PPL.
In XPL clay display yellow
to yellowish brown and
silica display white.

PPL = Plane Polarized light, XPL = Cross Polarized light
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter

T = Textinite Ul = Ulminite, Cl = Clay, Si = Silica

51 4.22 nmidndesqansseninuulfuasvesdiodianiuiiu (Sample No. C2 —1)
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BB o T e Sample No. C2-2

Densinite (sapropelic coal)
show the accumulation of
organic matter.

Composition (%)
V =68 %

L=17 %

1=0%

MM =15 %

Vitrinite consists of
densinite, several of organic
matter and gelinite cements.
They show pale gray in PPL
with high relief, black in
XPL and UV extinction.

Liptinite consists mainly of
liptodetrinite and resinite.
Liptodetrinite displays dark
yellow to orange spots,
various sizes without shape.
Resinite displays bright
yellow of big spots with
sphere shape.

Mineral matter consists
mainly of clay and silica
minerals. They display white
dots in XPL and black under
UV extinction

0.016 mm.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV
excitation

V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter

Re = Resinite, S = Sporinite, C = Clay, Si = Silica

511 4.23 nwldndesqanssminuylFuasvesdedaniuiu (Sample No. C2 -2)
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0.016 mm.

Sample No. C2-4

Textinite consists mainly of
well preserve cell walls and
cell ulmin in coal.

Composition (%)
V =86 %
L=0%

1=0%

MM =14 %

Vitrinite consists of texto-
ulminite in telovitrinite
subgroup. They show
structure of wood cell walls
and display pale gray in PPL
and black in XPL.

Mineral Matter consists of
clay minerals filling in dry
ulminite voids. They show
dark dots and line in PPL.
In XPL they display white
color.

PPL = Plane Polarized light, XPL = Cross Polarized light
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter

T = Textinite Ul = Ulminite, Cl = Clay, Si = Silica

1 4.24 nmldndosganssenivuulduasvesdrndianiniiu (Sample No. C2 —4)
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0.016 mm.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV
excitation, V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter

= Liptodetrinite, Su = Suberinite, Ul =

Cutinite

Sample No. C4-5

Telovitrinite (Ulminite)
with suberinite

Composition (%)
V =65 %
L=27%

1=0%

MM =8 %

Vitrinite consists of gelinite
with structure of dry cell
ulmin. They display pale
gray with strongly reflect
layer in PPL and black in
XPL.

Liptinite consists of
Suberinite, cutinite remains
and some liptodestrinite.
Suberinite shows a yellow
circle and shape of dry cell.
Cutinite showa remains of
yellow line in UV
excitation.

Mineral Matters consists
mostly of clay minerals and
display pale gray to dark in
PPL, white spread in XPL,
and black under UV
excitation.

Ulminite, C = Clay mineral, Cu =

ﬂ"ﬁ 4.25 m‘w”lﬂﬂaawa‘wiiﬁmmuimmmmmamqmuwu (Sample No. C4-5)
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4 Sample No. C6-2

Gelovitrinite displays well
preserve cutinite and show
cuticle ledges at a slightly
oblique angle cut.

Composition (%)
V=22%

L =68 %

1=0%

MM =10 %

Vitrinite consists of gelinite and
show cell lumens of tissue with
highly structure of porigelinite.
They display pale gray in PPL
and black in XPL and UV
excitation.

Liptinite consists of cutinite and
resinite. They display cuticle
ledges, high relief and pale gray
in PPL and black in XPL. In UV
excitation, they display orange
light with bright field
illumination and appear dark in
the middle (cutin) with ledges
indicative of cutinite. Resinite
show bright yellow with various
sphere sizes. Fluorinite display
bright yellow to greenish yellow
droplet groups associated with
cutinite.

Mineral Matter consists mainly
of clay mineral filling in voids.
They display pale gray to dark in
PPL, white dots dispersed in
XPL and black under UV
excitation.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter
Cu = Cutinite, Re = Resinite, F = Fluorinite, Cl = Clay minerals

511 4.26 nmldndesganssminuulFiasvesdiedianiuiiu (Sample No. C6-2)

Y
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i Sample No. C11-1

Densinite (detrovitrinite
subgroup) consists of organic
material and mineral matter
showing sapropelic deposited.

Composition (%)
V=67%
L=21%
1=0%

MM =12 %

Vitrinite consists of gelinite.
They show pale gray in PPL

| and black in XPL and UV

B excitation.

¥ Liptinite consists of cutinite,
8 sporinite and liptodetinite.

They display dark gray in PPL

§ and dark brown to black in

XPL. Under UV excitation,
sporinite displays light yellow
and small yellowish-brown
spots with various spore shape.
Cutinite displays yellow to
yellowish brown line with
ledges shape. Liptodetinite

| display yellow to dark orange

dots dispersed in gelinite.

)| Mineral Matters consists of
® clays and silica mineral with

some siderite. They show
white to pale gray in PPL. Clay

§ and silica display white sparse

2 droplets in XPL and greenish

black to black under UV ex.

&% Siderite display pale gray in

§ PPL, bright yellow to yellow

orange in XPL with black
under UV ex.

PPL = Plane Polarlzed light, XPL = Cross Polarlzed Ilght UV ex = UV excitation
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter

Cl = Clays, Cu = Cutinite, S = Sporinite, Sid = Siderite

ﬂﬁ 4.27 mw‘l@mamﬂammmmuhummaqmaﬂnmuﬁu (Sample No. C11-1)
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8 0.016 mm.

v a———

& 0.016 mm.

Sample No. C11-6

Suberinite in liptinite group
with gelinite crack.

Composition (%)
V =44 %
L=42%

1=0%

MM =14 %

Vitrinite consists of texto-
ulminite and some gelinite.
They display pale gray in
PPL and black in XPL.

Liptinite consists mainly of
suberinite. They show
structure cell walls of cortex
are pale gray in PPL, black
in XPL and yellow under
UV excitation. Resinite
displays pale gray with high
relief in PPL, black in XPL
and white bright to light
yellow in UV excitation.

Mineral Matters consists
mostly of clay and silica
deposited with gelinite.
They show pale gray to dark
spots in PPL and black in
UV excitation. In XPL, clay
display white spots and
silica display yellowish
green and brownish yellow
dots.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter
Cl = Clay, Si = Silica, Su = Suberinite, Re = Resinite, Cg = Gel = Gelinite

51/ 4.28 nmldndesgansseninunlfuasvesiiedranuiiu (Sample No. C11-6)




103

423 wghugesutiu B

1 a I~ [l 1 y 1 1 2’, 1 a [ a [ I
a1y B iiluniiedesiogizransun iy C naza iy A Janyuziily
= o 2K o 9 1 1a Ad A a A J a ra
uou Hanuiuithuna1edaiuan dseneudienguusounioytiaing lug (75.29%) alla
4 a a 4 1 d'
Tud (11.88%) Bruedi lud (0.12% ) wazuisig (12.71% ) udadluaisai 4.6
- 1 ) A d A a A 4 9 ...
VINAITIN 4.6 NUNGUUTDUNTIFUATINT JUA UT2NoUA28 Telovitrinite
o e . o, e e v tg tﬂl A Y 1
(38.47%) 1ta g Gelovitrinite (44.71%) Ta# Telovitrinite taAIanYUzYDUHOIBONY TAun
.. .. A .. = = A o A ] v
Telinite texto-Ulminite 13® Porigelinite (gﬂ% 4.29) FaunvHanaasansusuoutiuldves
Tfuaznlaenlyl Nuaaslasaadialnsasian lisamy daisendn Telinite vaviialinsgos
v Y
aaegauazunszuIuMsaslinsuii 19 14 Gelinite luwiia Gelovitrinite Tagnawiia
.. R o 1 a d‘d = 1 Y] o A d' A
Gelinite 1182 Textinite ¥nagiaas lusmiuNNuoUFTIVOIHTUTAaNY (FUN 4.30) HFV1
=2 A ~ A 9 R o L o 2 A o ~ H
dadmaaly PPL tazlid@mudas 1 XPL Funauummizanmisonsasuvodiia Tuii
= a 9}&1 a d‘ a o v (% zil a A
YSuawinuazuinalndiuiINoe AT UTUAAAUNUHIVEINTAZANYDINGHTB T
Y A A %I Y 1 a 1 ] Y ... =\ g’; 1
annuradeunlies aurdudIulvasznouaie Vitrinite UAIUA 35-97% Uay
A = 9 =2y ' L A A =2 1 a A 1o A
Taenn1e 081984 Liptinite 1S u1aitios $91ioon 1 42% seaatinagasdaauiuiinvasfuiia
1 d’d Y ] a tg gw .. d' 1 1
wyveaih AlannInduNuALNINTU UENIINUGTINY Sclerotinite (317 4.29) Vo IngULS
a A d a A a 4 1 a 1
dunsgrtiaomen lud luniieriugos Coal B

a

A 1 1A A d a a S A 1 9 1
INNITNN 4.6 uﬁmﬂqmw@umwuﬂaﬂm"llm ﬂﬁ?l&iﬁﬂ]ﬂﬂﬁ%ﬂ@ﬂﬂ’lﬂ 1]

(<))

A JaA ' a aaa a o '
Uﬂiﬂﬂﬁﬂuﬁ@ﬂ']ilﬂ@ﬂg‘]ﬂiﬂ']@f]ﬂclfl@]%u ll@s]jl;lﬂ Sporinite Resinite 01¢ Liptodetrinite Glu

@

1 1 A U = N X ] 1 a a A I ..
106190 1R UVIEIUN Sporinite gz auoglugilnmauazi/asuily GeliniteIagn1ga
=2 ¥ Y 9 J J a Aa A - 1 .. =
gl lulaseadvvousan Tasaruriuniilsura Sporinite WIAATT Alginite FIU1910
A A g ' a A o= A 9 % o
wanunnluthng uaas@ivassaindaunaoutulunaargoeasasud lngugaianyas

o 1 ' 9 9 [ v
adealos (317 4.31) 92U Resinite 1uiiov09 Gelovitrinite 019 Tawaimitioweveslu T
o @ Y a 9 A A d A A dyw = dy
Taon llsinazgau lddesduTasmmzduaunnuluisergmes a3 uonvniidaliiions
A A 2 g o JA A A dy A o @ ' a J
FunusnoonFuuvsnoendnaanwsay etieegniiiaie Wnnuluauiuergmes

a A .. = = = Y @ A 3 =2 o
(%83 Resinite (319 4.32) taaammaalu PPL meglduaaszange nazimhaiadadmly XpL



104

Y Yy v v A A = = < <} 2 A A 1 tg A 4
ﬂ']fJLl@]ﬂ']ﬁﬂigﬂuﬂﬂ‘(’Ji\‘]ﬁf‘,jl'l%zllﬁﬂﬂﬁlﬁaﬂﬂﬁlﬁlﬂuﬂqﬂmﬂ‘] mmwuﬂ\i’agiumaw’amm!,Gma

q

v Y
(319 4.31 1Az 4.33) dIUNIWU Liptodetrinite 32411 Sporinite 919UFDINITNTLIIGAIVD
d p P

¥ [
S =)

=3 v A = Y da! ¥ Aa . 9 Aa a SR A
anluriuesd lganunnawianai AmMsasauves "Gytta" aaelaauniansaunss ¥aua
A = ] A ¥ 2 o A A = 3 A
mFanunuinly PPL uaziaienaned i XPL uazawiassnsinaamiassluviainviaie
=\ = 2 1 o 9 Yy 9 v A
JUNwazlinuazivendy o e FAUMlANINITAUAITNE UV

! Yo < Y ] a ' dy 1 H AAaa
Ll,ﬁ‘ﬁ'l@lWUulﬂFﬂ?u'ﬂu!aﬂu@ﬂﬂll‘!ﬁu’Jﬂﬁuﬂ@ﬂu LW]GlUU"NGHUﬂgﬁJGD'aﬂ'] Ulﬂ

A A a9 =2 A

J o ' [ @ 4
azaon U U0NTINAY Sporinite ttazIaadu o dnantios laszaeu lusiuaasdimaaded

a

A A I A A = A = 9 Y
6U']'ZIGLH PPL Nﬁﬂﬂ'ﬂu XPL Lla3ﬂ1ﬁlﬁ'€]\1!LﬁﬂL‘IJuﬁ!fﬁa@\ﬁn'}ﬂﬂLﬁa@ﬁ@ulﬂlﬂﬁﬂ’]ﬂi@ﬂ'ﬁﬂﬁgiﬂu

9 [ d' 1y o g’; 1 a ] g Y
A059F UV (310 4.31) Tagiumsaneiveslaszaon luilusuouiuamnsnid lanens

@

tnuouiwveadigan lativsinagamgenmatznvesgan I luszes Ina (317 4.32)



1 1a o (% 1 1 1 a 1 1
M919 4.6 FIUY5ENOVVDUTDUNTIVDIAI0819M B0 UHU Coal B yauowuiay

Vitrinite Liptinite
Alginite In MM
Mot Tel Det Gel Total Sp Cu Lip Lam Te Re Fl Su Total
B15-4 96 0 0 96 0 0 0 0 0 0 0 0 0 2 2
B15-5 75% 0 18 93 0 0 0 0 0 0 0 0 0 0 7
B15-7 93 0 2 95 0 0 0 0 0 0 0 0 0 0 5
B15-8 90* 0 5 95 0 0 0 0 0 0 0 0 0 0 5
B16-2 94 0 3 97 0 0 0 0 0 0 0 0 0 0 3
B16-4 95 0 0 95 0 0 0 0 0 0 0 0 0 0 5
B17-2 0 0 35 35 2 5 17 0 0 2 0 0 26 0 39
B17-4 0 0 65 65 2 0 13 0 0 9 0 0 24 0 11
B17-8 0 0 37 37 3 0 12 0 0 4 0 0 19 0 44
B17-7 0 0 48 48 0 0 4 0 0 0 0 0 4 0 48
B17-10 0 0 49 49 3 14 4 0 0 2 0 0 23 0 28
B17-11 0 0 50 50 0 20 9 0 0 13 0 0 42 0 8
B17-14 96* 0 0 96 0 0 0 0 0 0 0 0 0 0 4
B17-12 0 0 87 87 9 0 4 0 0 0 0 0 13 0 0
B18-2 0 0 69 69 7 0 22 0 0 2 0 0 31 0 0
B18-4 15 0 79 94 0 0 0 0 0 0 0 0 0 0 6
B18-5 0 0 79 79 4 0 15 0 0 1 0 0 20 0 1
min 0 0 2 35 2 5 4 0 0 1 0 0 0 0 0
max 96 0 87 97 9 20 22 0 0 13 0 0 42 2 48
Average 23.12 0.00 36.82 75.29 1.76 2.29 5.88 0.00 0.00 1.94 0.00 0.00 11.88 0.12 12.71

* = Texto-Ulminitel, Tel = Telovitrinite, Det= Detrovitrinite, Gel = Gelovitrinite, In = Inertinite, MM. = Mineral Matter

Sp = Sporinite, Re = Resinite, Lip = Liptodetrinite, Cu = Cutinite, FI= Fluorinite, Su = Suberinite, Lam = Lamalginite, Te= Telaginite

S0T
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0.004 mm.

Sample No. B15-4

B Telovitrinite shows
“ 4 character of texto-ulminite
4 == | in corpocollinite at

perpendicular tree trunk.

~dv=9%

L=0%
1=2%

MM =2%

Vitrinite consists of
copocollinite. They display
bark and cork of wood
showing structure of cell

i walls (textinite) filled by gel

(ulminite). Texto-ulminite
display dark brown in PPL
for dry ulmin, pale gray in
PPL for textinite and black

| in XPL.

Inertinite consists of
sclerotinite. They display
pale gray with highly relief
with sphere shape in PPL
and black in XPL.

Mineral Matter consists of
small amount clay minerals.
They display black in PPL
and white dots in XPL
filling in crack and
sclerotinite voids.

PPL = Plane Polarized light, XPL = Cross Polarized light
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter
Te = Textinite, Te-U = Texto-Ulminite, Sc = Sclerotinite, Cl = Clays

51 4.29 mmldndesganssaiuuy1Fuasvesdiodieniuiiu (Sample No. B15 — 4)
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Sample No. B17-2

Gelovitrinite show the
accumulation of organic matter.

Composition (%)
V=35%
L=26%
1=0%

MM =93 %

Vitrinite consists of densinite,
several of organic matter and
gelinite cements. They display
pale gray in PPL with high
relief, dark gray to black in XPL
and black in UV excitation.

Liptinite consists mainly of
liptodetrinite, sporinite, cutinite
remain and resinites. They
display pale gray in PPL and
white to light yellow in XPL.
Under UV excitation,
Liptodetrinite displays dark
yellow to orange spots, various
sizes without shape. Resinite
display as bright yellow of big
spots with sphere shape.

Mineral matter consists mainly
of clay and silica minerals. They
display dark in PPL with white
dots in XPL and black under UV
ex. The orange crystal in XPL
and dark brown to black in UV
ex could be siderite.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter
Re = Resinite, S = Sporinite, C = Clay, Sid = Siderite, Cu = Cutinite, Li = Liptodestrinite

51/ 4.30 nmldndesgansseninunlfuasvesiiedranuiiu (Sample No. B17 — 2)
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o O e £ Sample No. B17-8

# Densinite shows sapropelic

2 vV =37%
LA L=19%
1=0%
SEE MM =44 %

21 Vitrinite consists of very fine-
grained of organic sediment.
They are densinite cemented
by gelovitrinite. They display
% white to pale gray in PPL and
black in XPL.

 Liptinite consists mainly of
g liptodetrinite and sporinite.
They display pale gray to dark
gray in PPL and black in XPL.
{ Under UV excitation,
liptodetrinite display as
yellow to dark yellow spots
_ without shape. Sporinite
e e display as bright yellow to
{ UV ex l brownish yellow dots with
w4 Various sized and spore shape.
Mineral Matter consists
mainly of diatomite with few
4 of pyrite. Diatomite displays
R 8 as fine-grained structure
o "ﬁ"’g % (cloudy structure). They
Nou 4;’ display white to pale gray in
% N el . ¥ PPL, bright white in XPL and
P e 2 Pt SEErEme =l White yellow to greenish
S TNl e T B yellow in UV ex. Pyrite
~ SRR @l display light yellow in PPL,
’ S — | brown in XPL and dark brown
to black in UV excitation.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter
Di=diatomite, S=Spore, Re = Resinite, Li = Liptodestrinite

51 4.31 nmldndesqansseniuuulfuasvesiiedranuiiu (Sample No. B17 — 8)
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Sample No. B17-11
Corpogelinite

Composition (%)
V =50%
L=42%
1=0%

MM =8 %

Vitrinite consists of
gelovitrinite subgroup. They
show corpogelinite of wood
tissue. They display colorless
to pale in PPL and black in
XPL.

Liptinite consists mainly of
cutinite and sporinite. They
display dark gray with highly
relief in in PPL and black and
white yellow in XPL.

Under UV excitation, cutinite
and sporinite display as
orderly white yellow to
yellowish brown spots and
various sizes of spore shape.

Mineral Matter consists of
clay. They display as a few of
very small spots, white and
yellow in XPL and black in
PPL and UV excitation.
Siderite display yellowish pale
gray in PPL, white to dark
yellow radial in XPL and dark
brown to black in UV
excitation.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation, V =
Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter

Cl = Clay, Cu = Cutinite, Re = Resinite Si = Siderite

UG

51 432 mmldndesganssminuulFuasuesdaogeaniuiu (Sample No. B17 - 11)
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Sample No. B18 - 2

Densinite shows sapropelic
deposit with liptinite cemented
by gelovitrinite.

Composition (%)
V =69 %
L=31%
1=0%

MM =0 %

Vitrinite consists of
gelovitrinite. They display
pale gray in PPL and dark gray
to black in XPL and UV
excitation.

Liptinite consists mainly of
liptodetrinite and sporinite.
They display pale gray with
highly relief in PPL and dark
gray to black in XPL.Under
UV excitation, liptodetrinite
display as group of yellow to
dark yellow without shape.
Sporinite display as bright
yellow to yellow dots, various
sized and spore shape.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter

31] 4.33 mw“lﬁﬂaEJmam55ﬁuamu%uﬁwmmamqmuwu (Sample No. B18 - 2)
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919 4.7 TIUYTTNOVVDUTDUNTIVDIAIDEHHIIN LT Y Coal A VoIUoLuAL

Vitrinite Liptinite
Alginite In MM
RLEN Tel Det Gel Total Sp Cu Lip Lam Te Re Fl Su Ex Total

Al-1 0 4 55 59 0 16 7 0 0 3 11 0 0 37 0 4
Al-3 0 2 69 71 0 2 12 0 0 1 0 0 0 15 0 14
Al-4 0 8 68 76 2 0 15 0 0 0 0 0 0 17 0 7
Al-5 19 1 36 56 0 9 5 0 0 9 11 0 0 34 0 10
Al-7 56 0 0 56 1 18 9 0 0 0 16 0 0 44 0 0
A2-3 50 8 19 77 6 6 7 0 0 0 4 0 0 23 0 0
A2-4 15 0 76 91 3 0 0 0 0 0 0 0 4 7 0 2
A2-5 0 0 28 28 0 0 5 64 0 0 0 0 0 69 0 3

A2-6 0 0 70 70 0 0 0 29 0 0 0 0 0 29 0 1

A2-7 2 1 27 30 6 0 8 35 0 0 0 0 0 49 0 21
A2-8 49 4 9 62 2 16 6 10 0 0 3 0 0 37 0 1

A2-1 87 0 3 90 0 0 0 0 0 0 0 0 0 0 0 10
A3-1 97* 1 0 98 0 0 0 0 0 0 0 0 0 0 0 2
AS5-2 40* 0 29 69 0 15 6 0 0 7 3 0 0 31 0 0
A5-3 58 0 4 62 1 18 5 1 0 0 0 0 0 25 0 13
A5-4 100 0 0 100 0 0 0 0 0 0 0 0 0 0 0 0
AS5-5 10 0 57 67 4 0 29 0 0 0 0 0 0 33 0 0
A5-6 95 0 0 95 0 0 0 0 0 0 0 0 0 0 0 5

A6-1 28 0 18 46 6 0 25 13 4 0 0 0 0 48 0 6
A6-2 49 0 12 61 0 0 10 0 0 9 0 0 0 19 0 20

* = Texto-Ulminitel, Tel = Telovitrinite, Det= Detrovitrinite, Gel = Gelovitrinite, In = Inertinite, MM. = Mineral Matter, Sp = Sporinite, Ex=Exsudatinite, Re = Resinite, Lip = Liptodetrinite, Cu = Cutinite, FI= Fluorinite, Su = Suberinite,

Lam = Lamalginite, Te= Telaginite

eTT
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919 4.7 TIUYTTNOVVDUTDUNTIVDIAIDEHHIIN LT Y Coal A VoIUoLuAL (919)

Vitrinite Liptinite
Alginite In MM

Mot Tel Det Gel Total Sp Cu Lip Lam Te Re Fl Su Ex Total

A6-3 76 0 0 76 0 0 0 3 0 0 0 0 0 3 0 21

A7-2 72 0 26 98 0 0 0 0 0 0 0 0 0 0 0 2

A7-4 81 0 13 94 0 0 0 0 0 0 0 0 0 0 0 6

A7-5 0 0 88 88 0 0 0 0 0 0 0 0 7 7 0 5

A9-1 1 0 57 58 4 8 8 0 0 0 22 0 0 42 0 0

A9-3 82 0 0 82 5 0 6 0 0 0 7 0 0 18 0 0

A9-6 0 0 50 50 9 0 23 18 0 0 0 0 0 50 0 0

A9-9 24 0 30 54 5 0 17 22 2 0 0 0 0 46 0 0
A9-11 74 0 0 74 6 3 6 0 0 0 5 0 0 20 0 6
A9-13 59 0 0 59 5 12 2 0 0 0 12 0 0 31 0 10
A10-1 89 0 0 89 0 0 0 0 0 0 0 0 0 0 5 6
A10-3 96 0 0 96 0 0 0 0 0 0 0 0 0 0 0 4
A10-4 90 0 0 90 0 0 0 0 0 0 0 0 0 0 6 4
A10-6 68 0 0 68 0 0 0 0 0 0 19 0 0 19 1 12
A10-8 75 0 7 82 2 1 7 0 0 0 6 0 0 16 0 2
A10-9 63 0 2 65 2 4 25 0 0 1 3 0 0 35 0 0
A10-10 17 0 37 54 1 24 9 0 0 0 8 0 0 42 0 4
Al0-11 10 0 46 56 0 14 8 0 0 0 8 0 5 35 0 9
All1-3 88 0 0 88 0 0 0 0 0 0 12 0 0 12 0 0
All-5 73 0 21 94 1 0 0 3 0 0 0 0 0 4 0 2
Al1-7 0 0 69 69 0 0 1 0 0 0 14 0 0 15 0 16

* = Texto-Ulminitel, Tel = Telovitrinite, Det= Detrovitrinite, Gel = Gelovitrinite, In = Inertinite, MM. = Mineral Matter, Sp = Sporinite, Re = Resinite, Lip = Liptodetrinite, Cu = Cutinite, FI= Fluorinite, Su = Suberinite, Ex=Exsudatinite, Lam = Lamalginite, Te= Telaginite

vTT
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919 4.7 TIUYTTNOVVDUTDUNTIVDIAIDEHHIIN LT Y Coal A VoIUoLuAL (919)

Vitrinite Liptinite
Alginite In MM
Mot Tel Det Gel Total Sp Cu Lip Lam Te Re Fl Su Ex Total
Al1-8 88 0 0 88 0 0 0 0 0 0 0 0 0 0 0 12
Al3-1 98 0 0 98 0 0 0 0 0 0 0 0 0 0 1 1
Al13-2 87 0 0 87 5 0 6 0 0 0 1 0 0 12 0 1
Al13-3 98 0 0 98 0 0 0 0 0 0 0 0 0 0 0 2
Al13-4 96 0 0 96 0 0 0 0 0 0 0 0 0 0 1 3
min 0.00 1.00 2.00 28.00 1.00 1.00 1.00 1.00 2.00 1.00 1.00 0.00 4.00 0.00 0.00 0.00
max 100 8 88 100 9 24 29 64 4 9 22 0 7 69 6 21
% 48.33 0.63 22.30 74.24 1.65 3.61 5.80 4.30 0.13 0.65 3.59 0.00 0.35 20.09 0.30 5.37

* = Texto-Ulminitel, Tel = Telovitrinite, Det= Detrovitrinite, Gel = Gelovitrinite, In = Inertinite, MM. = Mineral Matter

Sp = Sporinite, Re = Resinite, Lip = Liptodetrinite, Cu = Cutinite, F1= Fluorinite, Su = Suberinite, Ex = Exsudatinite, Lam = Lamalginite, Te= Telaginite

qT1



116

Yy Y d 9
muldndesganssaimuuliuas

o a
A19BUNE

-

»

~

0.016 mm.

— —

"

A :
-’ v,

Sample No. A2-5

Gelovitrinite with alginite
(boghead coal)

Composition (%)
V =28%

L =69 %
1=0%

MM =3 %

Vitrinite consists mainly of
gelovitrinite. They display as
layer of dark gray to black in
PPL and black in XPL.

Liptinite consists mainly of
alginite. Alginite display as
small dots of yellow in XPL
and yellowish brown in UV
excitation. Telaginite display
as bright white to yellow thick
line and sphere shape
(botryococcus sp.).
Lamalginite displays as
yellowish-brown dots and
short lines. Some yellowish-
brown dots are sporinite and
liptodetrinite.

Mineral matter displays in
various sizes, sub-round to
round grain. They display
pale gray to black in PPL and
white to light yellow and pale
gray in XPL.

The silica crystal displays as
big pale gray sphere in PPL
and bright white in XPL.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation

V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter

Li = Liptodestrinite, A-Te = Telaginite, A-La = Lamaginite, = Pyrite, C = Clay

U

511 4.34 nwmldndesganssminuylFiasvesdiedianiuiu (Sample No. A2 -5)
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|| Sample No. A5-3

'| Gelovitrinite shows ulmin gel
| of wood xylem.

~#| Composition (%)
L V=62%

L =25%

1=0%

MM =13 %

Vitrinite consists of gelinite
with wood structure of telinite
and gel cracking. Telo-gelinite
display as pale gray with
strongly reflect layer in PPL
and black in XPL and UV ex.
They display black in XPL.

Liptinite consists of resinite,
sporinite and cutinite. They
display dark gray to black in
PPL and XPL. Resinite display
colorless to light yellow in
PPL, white to orange in XPL,

i bright yellow with sphere shape
and highly orange rim in UV
excitation. Sporinite display as
I vellow spore shape. Cutinite
display as yellow line with
ledge structure.

: Mineral Matters consists
.-t . : mostly of clay minerals with
: : i silica. They display as pale gray
‘ - to dark in PPL, white dots
spread in XPL and black under
UV excitation.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter
Cu = Cutinite, Re = Resinite, S = Sporinite, Li = Liptodetinite

31] 435 nldndesgansseminuulFuasvesdlngianiuiiu (Sample No. A5 — 3)
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0.016 mm.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter

Sample No. A5-5

Gelovitrinite shows dry ulmin
with liptinite in void.

| Composition (%)
1 V=67%

L=33%
1=0%

2 MM=0%

XPL

Vitrinite consists of
detrovitrinite and gelovitrinite.
They display pale gray in PPL
and dark gray to black in XPL
and UV excitation.

Liptinite consists mainly of
liptodetrinite and sporinite. They
display pale gray with highly

| relief in PPL and dark gray to

black in XPL.Under UV
excitation, liptodetrinite display
as group of yellow to dark
yellow without shape. Sporinite
displays as bright yellow to
yellow dots, various sized and
spore shape.

ﬂﬁ 4.36 mw”lm-ﬂa’e)wa‘niiﬁmmu%uﬁwmmamqmuwu (Sample No. A52 - 5)
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Sample No. A6-1

Gelovitrinite shows the
accumulation of organic
matter.

Composition (%)
V =46 %

L =48 %

1=0%

MM =6 %

Vitrinite consists of densinite,
several of organic matter and
gelinite cements. They show
pale gray in PPL with high
relief, dark gray to black in
XPL and black in UV
excitation.

Liptinite consists mainly of
liptodetrinite with some
alginate. They show pale gray
in PPL and white to light
yellow in XPL. Under UV
excitation, Liptodetrinite
displays dark yellow to orange
without shape.

Mineral matter consists
mainly of clay and silica
minerals. They display as
dark in PPL with white dots in
XPL and black under UV
excitation.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter
A-Te = Telalginite algae, C = Clay, Li = Liptodestrinite

51 4.37 nmidndesgansseninuulfuasvesdiedianuiiu (Sample No. A6 — 1)
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PPL = Plane Polar
Cu = Cutinite, Tep = Terpenite, = FI = Fluorinite, Cl = Clay, Py = Pyrite, V =
Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter

Sample No. A9-1

Porigelinite shows well
preserve plant tissues.

Composition (%)
V =58 %
L=42%
1=0%

MM =0 %

Vitrinite consists mainly of
gelovitrinite. They show
plant remain (textinite)
transforming to gelinite
(Porigelinite). They display
colorless to pale gray in PPL,
dark gray in XPL and black
under UV ex.

Liptinite consists mainly of
cutinite, fluorinate and
sporinite. Cutinite displays
as very high relief in PPL,
black line in XPL and line of
yellowish brown to dark
brown with v-shape and
ledge shape under UV ex.
Fluorinite displays as group
of bright yellow to pale green
dots in row near cutinite.
Sporinite displays as white
to dark yellow with S-shape
and telephone shape.

ized light, XPL = Cross Polarized light, UV ex = UV excitation,

51 4.38 nmldndesganssminu lFuasvesdaedreauiiu (Sample No. A9 — 1)
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. Sample No. A9-6

% Porigelinite shows well
.| preserve plant tissues with
4 alginite (boghead coal)

| Composition (%)
= V=50%

1 L=50%
11=0%

MM =0 %

Vitrinite consists of
gelovitrinite. It shows plant
remains (bark) transforming to
gelinite (Porigelinite). It
displays a colorless to pale gray
in PPL, dark gray in XPL and
black under UV ex

: Liptinite consists mainly of
" T . -t alginite. Alginite display as
R T e small dots of yellow in XPL and

i yellowish brown in UV
= excitation. Telaginite display as

| bright white to yellow thick line
"j and sphere shape (botryococcus
sp.). Lamalginite displays as
* yellowish-brown dots and short
,,...;.—* lines. Some yellowish-brown
S8 dots are sporinite and
| liptodetrinite.

PPL Plane Polarlzed Ilght XPL Cross Polarlzed Ilght UV ex = UV excitation
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter Li = Liptodestrinite,
A-Te = Telaginite algae, A-La = Lamalginite algae, = Pyrite, C = Clay

ﬂﬁ 4.39 mw‘l@maawamiﬂmmﬂmmwmmaﬂnmuﬂu (Sample No. A9 — 6)
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Sample No. A10 -1

Textinite of telovitrinite
shows weakly structure of
wood, perpendicular crack of
gel and sclerotinite.

Composition (%)
| V=90%
L=0%

Sl 1=7%

¥ MM =3%

Vitrinite consists of telinite,
display texture of wood tissue
(Textinite) cemented by
gelinite. They display pale
gray in PPL and black in
XPL.

Inertinite consists mainly of
sclerotinite and displays as
group of spherical shape with
high relief of fungi body in
PPL and white in XPL.

Mineral Matter consists of
clay and siderite.

Clays displays dark spots in
PPL, white to greenish white
in XPL. Siderite displays
spherical layer of yellowish
orange and white in middle
sphere in XPL.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter
Scl = Sclerotinite, Cl = Clay, Sid = Siderite

51/ 4.40 nmldndesgansseninuulfuasvesdiedianuiiu (Sample No. A10 — 1)
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Sample No. A10-11

Porigelinite of gelovitrinite
subgroup

Composition (%)
V =56 %
L=35%
1=0%

MM =9 %

Vitrinite consists of plant
tissue cemented by gelinite.
They display gray to dark gray
in PPL and dark gray to black
in XPL.

Liptinite consists of preserve
plant tissues. They display
pale gray to dark gray in PPL
and yellowish-brown to black
in XPL. Under UV excitation,
fluorinite displays as group of
bright yellow dots in row.
Cutinite displays as line of
yellowish brown to dark
brown with V-shape and ledge
shape. Exsudatinite displays
as brown filling in voids
without structure.

Mineral Matter consists of
clay and silica mineral. The
white and yellow dots and
white spots in XPL are clay
and silica filling in voids.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation

Cu = Cutinite, Ex = Exsudatinite, = Flu = Fluorinite, Cl = Clay, Si = Silica

UG

517 4.41 nldndesganssminuylFuasvesdaedianiuiiu (Sample No. A10 — 11)
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Sample No. Al11-5

Porigelinite of gelovitrinite
subgroup shows textinite with

|| gelinite.

Composition (%)
V=94%
L=4%

1=0%

MM =2%

Vitrinite consists of wood
tissue (textinite) cemented by
gelinite. They display pale
gray in PPL and black in XPL.
Liptinite is mostly filling in
voids and display dark gray in
PPL and black in XPL. Under
UV excitation, exsudatinite
displays light yellow to
greenish yellow with fill up
structure. Sporinite and
resinite display as yellow dots
with s-shave and sphere shape.
Telalginite (botryococcus sp.)
display as light-yellow which
body of algae.

Mineral Matter consists of
clay and pyrite. Clay is the
white dots filling in voids.
Pyrite is the dark gray to black
in PPL and yellow to brown in
XPL.

PPL = Plane Polarized Iiht, XPL = Cross Polarized light, UV ex = UV excitation

Te = Textinite, Gel = Gelinite, Re = Resinite, Ex = Exsudatinite,
A-Te = Telaginite algae, S = Sporinite, Cl = Clay, Py = Pyrite

51 4.42 nmldndesgansseninuulfuasvesdiedanuiiu (Sample No. A1l —5)
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_wc?if T ppL ||| Sample No. AL1-7
Tt O S 4| Gelinite of gelovitrinite
v I / 1| subgroup with gel crack and

0.016 mm.

mineral alteration.

Composition (%)
V =69 %
L=15%
1=0%

MM =16 %

Vitrinite consists mainly of
organic matter transform to
gelinite. They show gel crack
and display pale gray in PPL
and black in XPL.

Liptinite is mostly filling in
voids and display pale gray in
PPL and yellowish brown to
black in XPL. Under UV
excitation, fluorinite displays as
light yellow to greenish yellow
dots in a row group. Resinite
displays as yellow dots with
sphere shape. Bituminite
displays as dark brown with
structure fill up in voids.
Exsudatinite displays as green
filled in gel crack.

Mineral matter consists mainly
of clay and siderite. Clay is the
white and yellow dots filling in
voids. Siderite is in the highly
reflected in PPL and yellow to
brown in XPL with ring
structure for oxidation rim.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation

Gel = Gelinite, Re = Resinite, Ex = Exsudatinite, Bi = Bituminite, Cl = Clay,

Sid = Siderite

51/ 4.43 nmldndesgansseninunlfuasvesdiedianuiiu (Sample No. A1l —7)
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Liptinite Mineral Matter
v Alginite
MI9819 Total Vitrinite Total
Tela Lip Sp Cu Fl Re Su Ex Clay Q+Si Py
Lam (%) (%)
Botry Pila
AS1-1 66 0 0 0 2 0 0 0 0 0 68 13 3 16 0 19
AS1-2 67 0 0 0 3 0 0 0 0 0 70 15 10 5 0 15
AS1-3 73 0 0 0 1 0 0 0 0 0 74 9 16 0 1 17
AS2-1/1 67 3 2 12 4 0 0 0 0 0 88 1 10 0 1 11
AS2-1/2 85 2 0 0 0 0 0 0 0 0 87 7 6 0 0 6
AS2-2 83 5 0 1 0 0 0 0 0 0 89 2 6 0 3 9
AS2-3 60 0 0 1 1 0 0 0 0 0 62 18 16 0 4 20
AS3-1 50 6 0 5 3 0 0 1 0 0 65 9 23 3 0 26
AS3-2 55 9 0 1 1 0 0 0 0 0 66 25 4 4 1 9
AS3-3 56 0 0 12 0 0 0 0 0 0 68 14 10 7 1 18
AS3-4 45 0 0 12 11 0 0 3 0 0 71 18 8 1 2 11
All-1 73 4 0 0 0 0 0 0 0 0 77 10 13 0 13
Al1-2/1 74 2 0 3 0 0 0 0 0 0 79 9 8 4 0 12
Al1-2/2 61 1 0 19 4 0 0 2 0 0 87 3 6 1 3 10
All1-3 54 4 0 0 5 0 0 2 0 0 65 23 11 0 1 12
All-4 52 12 0 6 4 0 0 0 0 0 74 16 5 5 0 10
max 85 12 2 19 11 0 0 3 0 0 89 25 23 16 4 26
min 45 0 0 0 0 0 0 0 0 0 62 1 3 0 0 6
% 63.81 3.00 0.13 4.50 2.44 0.00 0.00 0.50 0.00 0.00 74.38 12.00 8.88 3.69 1.06 13.63

Lam = Lamalginite, Tela = Telaginite, Bot = Botryococcus brounii, Pil = Pila algae, Lip = Liptodestrinite, Sp = Sporinite, Cu = Cutinite, FI= Fluorinite, Re = Resinite, Su = Suberinite, Ex = Exsudatinite, V =

Vitrinite (consist of telovitrinite, detrovitrinite and gelovitrinite), Q = Quartz, Si = Silica, Py = Pyr
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et ' : Sample No. AS2-1/1

Oil Shale (Alginite) in the
cross section of bedding
shows foliation of sediment
deposited with algae.

Composition (%)
V=1%
L=88%

e s ey R Wi TR g 1=0%
_oo16mm._ EEEEEEEEE L B MM =11%

§ Vitrinite consists mainly of
densinite. Densinite
displays dark gray to black
in PPL and black in XPL.

Liptinite consists mainly of
alginite. They display highly
relief and reflect pale gray in
PPL. The colonies of pila
algae are various size and
shape. They display shave,
light yellow in XPL and
white yellow in UV ex.
Lamalginite algae are dark

1 brown to black in XPL and
yellowish-brown short line
in UV ex.

Mineral matter consists of
clay. They display white
dots in XPL are clay
deposited with organic

sediment.
0.016 mm. : .-

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
La = Lamalginite algae, Pila = Pila algae, C = Clay

51/ 4.44 nmldndesgansseninuulfuasvesdiediaiiuiniu (Sample No. AS1 — 1/1)
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Sample No. AS2-1/2

i Oil Shale (Alginite) in the
section parallel to bedding of
sediment deposited with algae.

Composition (%)
V=7%

S L=87T%

1 1=0%

' MM =6 %

Y Vitrinite consists mainly of
densinite. They display dark
gray to black in PPL and black
§ in XPL.

Liptinite consists mainly of
alginite (Telaginite)
Botryococcus braunii shows 4
3 cup of body structure and
display highly relief and reflect
pale gray in PPL, white to
greenish yellow in XPL and
white yellow in UV excitation.
Lamalginite displays as
parallel body and gray to dark
gray in PPL and black in XPL
and yellowish brown to brown
in UV excitation.

Mineral matter consists of
clay and pyrite. The white dots
in XPL are clay deposited with
'3 organic sediment.

i Pyrite is the bright dots in PPL,
white in XPL and dark in UV

y excitation.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
La = Lamalginite algae, Bot = Botryococcus algae, C = Clay, Py = Pyrite

51/ 4.45 nmldndesgansseninuulfuasvesdiediaiiuiniu (Sample No. AS1 — 1/2)
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0016 mm. [

0.016 mm.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
A-La = Lamalginite algae, A-Te = Telaginite algae, C = Clay, Py = Pyrite

8 Sample No. AS2-2

Oil Shale (Alginite) in the

B cross section of bedding shows

foliation of sediment deposited
with algae

Composition (%)
V=2%

L =89 %
1=0%

F MM =9%

Vitrinite consists mainly of

g densinite. Densinite display

dark gray to black in PPL and
black in XPL.

Liptinite consists mainly of
alginate. They display highly
relief and reflect pale gray in
PPL. Telaginite algae is
colonies of pila algae. They
are varying in size and shape.
They display light yellow in

| XPL and white yellow in UV

ex. Lamalginite algae are dark
brown to black in XPL and
yellowish-brown short line in
UV excitation.

Mineral matter consists of

clay and pyrite. The white dots
in XPL are clay deposited with
organic sediment. The group of

§ bright and white in PPL and

XPL with circle shave and dark
in UV excitation is framboidal

pyrite.

H ' a %1 9
51/ 4.46 nmldndesgansseninunlfuasvesiiediaiiuiniu (Sample No. AS2 - 2)
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i Sample No. AS3-1

Oil Shale (Alginite) shows
sediment deposited with
algae.

Composition (%)
1 V=9%

L =65%

WS | =0%

o MM =26 %

Vitrinite consists mainly of
attrinite. They show dark
gray to black in PPL and
black in XPL.

Liptinite consists mainly of
W alginate. Telaginite

& (colonies of pila algae)
g display highly relief and
reflect dark gray in PPL,
28 white to light yellow in XPL
W and white yellow in UV
excitation.
Lamalginite displays a
white to yellow in XPL and
yellowish-brown short line
in UV excitation.

Mineral matter consists of
pyrite and clay. Pyrite
shows the white circle in
PPL and XPL and dark in

~| UV excitation.

R el M, S WMl Clay shows the white and
. - R g Yyellow dots.

PPL = Plane Polarized light, XPL = Cross Plarized light, UV ex = UV excitation
A-La = Lamalginite algae, A-Te = Telaginite algae, C = Clay, Py = Pyrite

H ' a %l 9
51 4.47 nmldndesgansseniuunlfuasvesiiedraiiuiniu (Sample No. AS3 — 1)
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Sample No. AS3-2

Oil Shale shows sediment
deposited which oxide.

Composition (%)
V=25%
L =66 %
= 1=0%
MM =9%

| Vitrinite consists of white
1 fine-grained organic
sediment. They display

| bright reflected and yellow
“%. » in PPL and black and white
£ ' 4 vellow in XPL.

Liptinite consists mainly of
‘| alginate. Telaginite
& | (colonies of pila algae)

~ | display yellow in PPL and
white to light yellow in XPL.
| Under UV excitation they
show bright yellow.
Lamalginite display brown
to dark brown.

Mineral matter consists of
silica and oxide sediment.
Silica shows the white to

¥ yellow in PPL and XPL.
The yellow dots in PPL and
XPL is oxide sediment.

0016 mm. i

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
A-La = Lamalginite algae, A-Te = Telaginite algae, Py = Pyrite

H ' a %’ 9
51/ 4.48 nmldndesgansseniuuulfuasvesiiediaiiuiniu (Sample No. AS3 - 2)
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g 2 e ey - Qil Shale shows sapropelite

deposits of alginite and mineral
S matters.

Sl Composition (%)
W V=23%

o | =65 %
= 0%
MM = 12 %

Vitrinite consists of fine grain
of organic sediment cement by
gelinite. Densinite display
pale gray to dark gray in PPL
and black in XPL.

g Liptinite display pale gray to
| dark gray in PPL and light
brown to black in XPL. Under
UV excitation. Resinite
display bright yellow spots
bl with sphere shape. Sporinite
e| display as yellow dots with
spore shape. Alginite
(botryococcus braunii) displays
‘ bright yellow with sphere shape
and alginite (lamalginite) or
-1 Liptodestrinite displays
.| yellow to yellowish-brown long
body without shape

Mineral matter consists of
pyrite, clay and carbonate.
Carbonates show rectangular
crystal diamond and fluorescent
pale gray in PPL, white to gray
: 7 ’ g and yellow to greenish yellow

\ . - ' A in UV excitation.
_' SR e e S Pyrites are framboidal pyrite.

PPL = Plane oIarized light, XPL = Cross Polarized light, UV ex = UV excitation
Re = Resinite, S = Sporinite, A = Alginite, Li = Liptodestrinite, Py = Pyrite,
Cl = Clay, Ca = Carbonate

9

511 4.49 nmldndesqanssminuulFuasvesdrediaiuiniu (Sample No. AS3/21-3)

Y
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Sample No. AS3/21-4

Oil Shale shows sapropelites
- deposited and mineral matters.

Composition (%)
S V=16%

| L=74%
11=0%

MM =10 %

| Vitrinite consists of fine grain
| of organic sediment cement by
gelinite. Densinite displays
pale gray to dark gray in PPL
and black in XPL.

Liptinite displays pale gray to
dark gray and light brown in
PPL and light brown to black in
XPL. Under UV excitation
colonies of botryococcus sp.
display white yellow to yellow.
. e ra ‘ Botryococcus braunii display

) -, . IR, @ as white with body.

‘ ‘ R S g Lamalginite displays as brown
» . - to dark brown line.

Mineral matter consists of
clay and pyrite. Clay displays
dark gray to black in PPL and
white dots in XPL and dark in
UV ex. The circle bright in
PPL, white dots in XPL and
dark in UV ex for framboidal

pyrite.

a

0.016 mm.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
Cl = Clay, Py = Pyrite, A = Alginite, A-La = Lamalginite algae

! 9

51 4.50 mw1dndesgansseninuulFuasvesdiediariutiniu (Sample No. AS3/21-4)
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4.2.6 viverivaesiiviihiuneuars (Lower Oil Shale sub-unit)
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Liptinite Mineral Matter
Alginite
Tela

feeha Lam Bo Pil Lip Sp Cu Fl Re Su Ex Total Vitrinite (%) Clay Q+Si Py Total
OHI-1 23 8 0 5 0 0 0 0 0 0 36 2 45 13 4 62
OH2-1 3 15 0 12 0 0 0 0 0 0 30 5 57 6 2 65
OH2-2 9 13 0 2 0 0 0 0 0 0 24 3 62 10 1 73
OH3-1 8 2 0 5 0 0 0 0 0 0 15 1 68 15 1 84
OH3-2 13 2 0 2 0 0 0 0 0 0 17 5 68 5 5 78
OH4-1 7 3 0 3 0 0 0 0 0 0 13 79 6 2 87
OH4-2 9 0 1 3 0 0 0 0 0 0 13 2 76 7 2 85
OH4-3 13 0 0 4 0 0 0 0 0 0 17 2 77 2 2 82
OH5-1 14 1 0 3 0 0 0 0 0 0 18 5 76 1 0 77
OH5-2 17 1 0 3 1 0 0 0 0 0 22 8 65 3 2 70
OH5-3 14 0 0 0 1 0 0 0 0 0 15 8 62 5 10 77
OH6-1 3 3 2 5 4 0 0 0 0 0 17 4 78 1 0 81
OH6-2 6 3 0 8 2 0 0 0 0 0 19 7 72 2 0 74

Max 23 15 2 12 4 0 0 0 0 0 36 8 79 15 10 87

Min 3 1 1 2 1 0 0 0 0 0 13 1 45 1 1 62

% 10.69 3.92 0.231 4.231 0.615 0 0 0 0 0 19.69 4 68.08 5.846 2.385 76.31

Vitrinite (consist of telovitrinite, detrovitrinite and gelovitrinite), Q = Quartz, Si = Silica, Py = Pyrite

Lam = Lamalginite, Tela = Telalginite, Bot = Botryococcus brounii, Pil = Pila algae, Lip = Liptodestrinite, Sp = Sporinite, Cu = Cutinite, FI= Fluorinite, Re = Resinite, Su = Suberinite, Ex = Exsudatinite = Lamalginite, Te= Telaginite
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AMOBLEY

Sample No.OH2-2

Oil Shale shows algae mat
deposited  with  organic
sediment in the section cut in
perpendicular.

Composition (%)
V=3%
L=24%
1=0%

MM =73 %

Vitrinite consists mainly of
gelinite. They display pale to
dark gray in PPL and dark color
in XPL to black under UV
excitation.

Liptinite consists mainly of
lamalginite with minor
telaginite. Lamalginite
displays white to yellow in PPL
and XPL. Under UV
excitation, they display short
and thin body with yellow to
dark brown groundmass.
Telaginite (Pilla algae)
displays pale gray to light
yellow with high relief in PPL,
white, dark brown in XPL and
bright yellow under UV
excitation.

Mineral matter consists
mainly of fine-grained
sediments. They display white
in XPL and dark in UV
excitation. Some of pyrite
displays pale gray in PPL, and
cubic dark brown to black in
XPL and UV excitation.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter
A-La = Lamaginite algae, A-Te = Telaginite algae, Py = Pyrite

H ' a %l 9
51 4.51 nmldndesgansseninuulfuasvesdiediaiuiniu (Sample No. OH2-2)
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0.016 mm. ! 3ecs -

- - o

PPL = Plane Polarized light, XPL = Cross Polariz
A-La = Lamaginite algae, A-Te = Telaginite algae, Py = Pyrite

Sample No. OH3-1

Oil Shale shows fine-
grained sediment deposited
with algae.

Composition (%)
V=1%
L=15%
1=0%

MM = 84 %

Vitrinite consists of coal
fragment. They display
dark gray to black in PPL
and black in XPL.

Liptinite displays dark
gray and black in PPL and
yellowish brown to dark
brown in XPL. Under UV
excitation telaginite algae
display white to bright
yellow. Lamalginite
displays yellow with long
shape. The telalginite
botryococcus braunii.show
4 cup structure.

Mineral Matter consists
of silica and quartz. The
white fume in XPL is clay/
silica fume. The bright
crystal in PPL, white in
XPL and dark in UV ex are
quartz.

ed light, UV ex = UV excitation

H ' a %’ 9
51 4.52 nmldndesgansseninuulfuasvesdiediaiuiniu (Sample No. OH3-1)
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B I P T Sample No. OH3-2

Oil Shale (Alginite) shows
sediment deposited with
algae.

Composition (%)
V=5%
L=17%
1=0%

MM =78 %

Vitrinite consists mainly
of gelovitrinite. They

display dark gray to black
in PPL and black in XPL.

Liptinite shows matrix of
white to light yellow in
XPL and yellow to orange
under UV excitation.
Telaginite algae displays
bright yellow and
lamalginite displays
yellow with long shape.

Mineral matter consists
of clay and silicate with
pyrite. The white and
yellow dots in XPL. The
black dot is framboidal

pyrite.

A-La = Lamaginite algae, A-Te = Telaginite algae, Py = Pyrite

H ' a %’ 9
51/ 4.53 nmldndesgansseninuulfuasvesdiediaiiuiniu (Sample No. OH3-2)
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427  wefivgesiniiniuaeuuy (Upper Oil Shale sub-unit)
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HUIHUIDINUU N UADUA N UAFUUDITINIIOVOITUHUINUADUVUN 9281I00aS
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ANUIUDUUUNIUANUDY Gm!,ﬂuwammﬂamwu’ma’mmﬂmmq@uﬁuyjmmumimmim
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A I a 1 a ] a ] a
1NN1T NN 4.10 nJumiﬁﬂy1ﬁaniimuwmmuwummwmwuﬂawu
g v 9 U 1A A d A a (A 4 a a 14 1
UIUUADUUU ﬂizﬂaumaﬂqmsauma%uﬂaﬂﬁ"lu@ (26.62%) W3 lud (5.54%) WazLITIN
< 3 1A = 1 A A g U J an 4 4
(67.85%) By UnIAUT N (55.15%) gaumvatusnlond Fan1 AsuUoUa Lmzulw'lm
1 1a A Jd a a (a J 1 1 g .. =~ J ..
ﬂqmgiaumwuﬂaﬂ@”luw aaulwaggﬂu Lamalginite (18.85%) LLagN 111318 Telaginite
<3 Y = 1 H = = A A 1 H =
mnUoY ‘JJE‘IJSNﬁ“LJN‘IJTLJﬂﬁN (11817 0.0032 D3 0.0048 UAALNAT “lumwummimmﬂ) y
o w a9 = a2 KX A A = A Y KX a9
a1 Naunlu PPL was@maanadunnlu XPL uaaeanisisosuadinasuunneaaylu
Yy 9 v A ~ ~ [l 1 A a A A =
NIINITAUAIYING UV (g‘ﬂ‘ﬂ 4.54 uazgﬂ‘ﬂ 4.55) FIUUTTINHIDATITUUNTINNUN VU EY
d' 1 ) =) 1 a %l v 1
mJ‘imgi$m1wu’wwuﬁleﬂwuumumauammzmuuu
9 b4 v
FINVUVDINUIGHUTEH U T UAD UV U uﬁmgmummmmm«?ﬁwu
.. = J ~ 1 ..
IMNIE Lamalginite ﬁ‘f]fﬂLngﬂiNUNiﬂmﬁM]miﬂﬂ NWTINI18 Telaginite (Botryococcus sp.)
I 2 A 1 1 o o 1 ~ 1
ﬂ?mmmﬂffaa G?qmumuazgﬂinu@m@mﬂu"lﬂ ONYUST111318 Lamalginite Ngﬂ‘iN‘UNiﬂﬂ

v
=

HAZEINNT 0.0032 Nadwas  lasuaamsiEeasdivaessounluniieiuiio

Yy 9 @

1 = g a Y o o 1 4 .
aman meldmsnszduaiessd uv wenniniluriuiniudmunslnlsd  (Framboidal

pyrite) A28 (311 4.55 waz 317 4.56)
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Liptinite Mineral Matter
Tela
M9ENg Lama Bo Pila Lip Sp Cu Fl Re Su Ex Total Vitrinite Clay Q+Si Py Total
OH7-1 2 4 0 9 0 0 0 0 0 0 15 5 74 5 1 80
OH7-2 4 15 0 7 0 0 0 0 0 0 26 4 58 12 70
OH8-1 28 7 0 3 0 0 0 0 0 0 38 6 45 9 2 56
OH8-2 31 7 0 4 2 0 0 0 0 0 44 4 38 9 5 52
OH8-3 31 1 0 1 2 0 0 0 0 0 35 28 27 10 37
OH8-4 40 4 0 0 0 0 0 0 0 0 44 7 35 9 5 49
OH9-1 16 3 0 8 0 0 0 0 0 0 27 6 57 10 67
OH9-2 16 4 0 1 0 0 0 0 0 0 21 1 69 6 3 78
OH9-3 20 0 0 3 0 0 0 0 0 0 23 4 65 7 1 73
OH9-4 17 2 1 2 0 0 0 0 0 0 22 3 60 10 5 75
OH10-1 16 2 2 3 0 0 0 0 0 0 23 2 64 9 2 75
OH10-2 11 1 0 0 0 0 0 0 0 0 12 1 71 10 87
OH10-3 13 1 0 2 0 0 0 0 0 0 16 1 65 17 1 83
Max 40 15 2 9 2 0 0 0 0 0 44 28 77 17 5 87
Min 2 0 0 0 0 0 0 0 0 0 12 1 27 5 1 37
Average (%) 18.85 3.92 0.23 3.31 0.31 0.00 0.00 0.00 0.00 0.00 26.62 5.54 56.46 9.46 1.92 67.85

Vitrinite (consist of telovitrinite, detrovitrinite and gelovitrinite), Q = Quartz, Si = Silica, Py = Pyrite

Lam = Lamalginite, Tela = Telalginite, Bot = Botryococcus brounii, Pil = Pila algae, Lip = Liptodestrinite, Sp = Sporinite, Cu = Cutinite, FI= Fluorinite, Re = Resinite, Su = Suberinite, Ex = Exsudatinite

evi
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s Sample No. OH8-1

@ Oil Shale (Alginite) cut in
& the section perpendicular to
bedding deposited with
algae.

o Composition (%)
4 V=6%

K L=38%
1=0%

MM =56 %

Vitrinite consists mainly of
gelinite. They display dark
gray to black in PPL and
black in XPL.

Liptinite consist mainly of
alginite (lamalginite).

" Alginite displays gray to
dark gray in PPL and black
in XPL and yellowish brown
to brown in UV ex. They are
remaining of lamalginite.

| Mineral matter consists
mainly of clays and silica.
They display bright dots in
PPL, white in XPL and dark
in UV ex. Group of circles
are silicate crystal.

0.016 mm. B

.

- A a s a
PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
A-La = Lamalginite algae, A-Te = Telaginite algae, Py = Pyrite

9

51 4.54 nldndesganssminuulFuasvesdiediaiuniniu (Sample No. OH8-1)

U
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= - —

Sample No. OH8-2

Oil Shale (Alginite) in the
section cut parallel to
bedding dominated by algae.

| Composition (%)
{V=4%

I L=44%

| 1=0%

MM =52 %

Vitrinite consists mainly of
y densinite. They display
dark gray to black in PPL
and black in XPL.

Liptinite consists mainly of
alginate. They display
highly relief and reflect pale
: 3 gray in PPL. Telaginite is
. .'!: 58 % sy colonies of pila algae of
R et 2 ¥ various size and shape.
gyt &1 They display light yellow in
; AL ERSS. 4 XPL and white yellow in
UV ex. Lamalginite algae
is dark brown to black in
XPL and yellowish-brown
short line in UV excitation.

! Mineral Matter is mainly of
# e .2 clay. Itdisplays white dots
in XPL. Framboidal pyrite
displays group of spheres
&% bright and white in PPL and

- e s ) o Pl =9 XPL and black in UV

PPL = Plane Polarized light, XP = Cross Polarized light, UV ex = UV excitation
A-La = Lamalginite algae, A-Te = Telaginite, Py = Pyrite

H ' a %’ 9
51 4.55 nmldndesgansseninuulfuasvesdiediaiiuiniu (Sample No. OH8-2)
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i Sample No. OH9-4

Oil Shale (Alginite) in the
section cut perpendicular to
bedding.

Composition (%)
V=3%
L=22%
1=0%

MM =75 %

= Vitrinite consists mainly of

s o o 0 [ XPL ] gelinite.

Liptinite consists mainly of
lamalginite and show algal
mat of thin body compact.
Lamalginite displays dark
gray in PPL, white yellow to
yellow in XPL. Under UV
excitation, they display
bright yellow to dark yellow
| with some of telaginite
wus | colony (Botryococcus sp.)

| which display bright white

Mineral matter consists

mainly of clays. Clay

display white in XPL and

| dark in UV excitation.

Pyrite show sphere dots and

framboidal pyrite display

~ | white in PPL, bright white in

# | XPL and dark under UV ex,
| and

A-La = Lamaginite algae, A-Te = Telalginite algae, Py = Pyrite

H ' a %l 9
51/ 4.56 nmldndesgansseninuulfuasvesdiediaiiuiniu (Sample No. OH9-4)
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a A d
42.8 MIAZNOUUTIVBING UA (Vitrinite reflectance)

E4
S @ l

TumsdAnuIil @re819MHI8HUE0Y Coal A t1ay Coal B 1a%1n157AAIN1S
a A 4 4
dzNounaIveIIns lud (Ro) moldnisdnuidlondesganssmilasldszuunde Leica
9 4 4 . Aa o
MP4500P W3 on Tisunsuaon s Hilgers DISKUS ¥99U5HN ERC Pty. Ltd. Uszins
= a N ¥ Y I 1 1 Y a a 4
pomAsLae Tasnan1sans ey lataasldmiuiininsazReunaaveaIns lud (Ro) vos
(% 1 d‘ o = S 1 gj 1 d[ [ 1 d'
#0819 NIMIANY TAAILA 0.31 - 0.50% Ro HIWan53AA1 Ro taad 13 lumsian 4.11 uay

3N 4.57

a 4 a A 4 (Y 1 1 a 1 a
1319 4.11 wammmﬁwwmﬁﬁzﬁ'@mmwanm"lu@l (Ro) VoIAI0d MUY IUn Y

g98 Coal A 11az Coal B

Sub-units | Maceral Ro max Range n*

Coal A Telovitrinite 0.41 0.31-0.50 47
Detrovitrinite 0.41 0.36 — 0.49 3
Total Vitrinite 0.41 0.31-0.50 50

Coal B Telovitrinite 0.41 0.34-0.49 50
Detrovitrinite - - -
Total Vitrinite 0.41 0.34-0.49 50

*n = Number of test samples



148

Vitrinite Rcﬂcclmyc; Distmbution
Coal A sub-unit
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Vitrinte reflectance - 1/2 V-stage (%)
[ ] Detrovitrinite [l Telovitrinite
Vitnnite Reflectance Distribution %
Coal B sub-unit
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Vitnnte reflectance - 1/2 V-stage (%)

[] Detrovitrinite [} Telovitrinite

d‘ a 4 9 a A o % L] U a
E‘IJYI 4.57 ﬂiW\'LLﬁﬂQWﬂﬂﬁ’Jlﬂ§1$1fiﬂﬁﬁgﬂﬂuuﬁ\‘ﬂl@\ﬂﬂil’lu@] (Ro) vouaed1a U Y

Y1181 1808 Coal A LAz Coal B
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a d = =~ . .
4.3 NITUAINSHETIMAN (Geochemical analysis)
= Ay vo a ¢ @ A A o
GluﬂWﬁﬁﬂ‘H'luulﬂ‘ﬂ'lﬂ153!.ﬂ31$ﬁ@\1ﬂﬂﬁ$ﬂﬂUﬂl@\?ﬁTﬁ@uﬂﬁﬂﬂﬁﬂHWIﬂﬂﬂigll']ﬂ‘lllﬁg
a A =3 4 ~ dy 9 4 A 1 I'4
Iﬂﬂazlf’)ﬂﬂ !.Wf)ﬁ']ﬂﬁu']ﬂ!ﬂ']ﬁﬂﬂuﬂ\iﬂ HITTINY VLD !La%@\iﬂﬂigﬂf’)ﬂ@u q U ANTUDU
% Jd a dyw o 1Y 1 9 9
"laimmu "'Ifﬁl“l/\lf)i "luiﬂimu HaEDoNWLAN UDNITNUIININITIAAIAIINIOU LLIATNITAENDOU
a A 14 o 4 AAa A o
Llﬁ\‘lell@\i'l‘ﬂﬁuluﬁ (Ro) IﬂfJﬂ']ﬁﬁWﬂﬂfJﬂWW"’U@\‘]ﬁWﬁﬂﬁgﬂﬂﬂllﬁiﬂiﬂ1ﬁﬂﬂuﬁllﬂﬁ@lgﬂfJUWllﬁlLWIﬁﬂ
A o a o a a 1 a %’ o a
w19 VWI']fni'JLﬂﬁ']xﬁjﬂﬂlcﬂﬂuﬂulWIivlﬂ“]fﬁcluLNGUEJ\T]J%NWTMGU@QWﬂWﬁ@]u’]iJu Wﬂwaﬁlﬂﬂiﬁlﬂu

v
A d o

4 4 a a 4 = = = dy Y
ATTUDU LASAITUDUDUNTYININUA WANITUATICUTIUANVDINITANEYIU ﬁ”liJWﬁﬂﬁ?]Jllﬂ

[

N

=le

a d a d = U Y
431  wamsaanztlasdszana madmazvilagaznga tazmnNsou
d dJ
4.3.1.1 vgtivegesalaus1an (Leonardite sub-unit)
a 4 = =) 1 Aa A 4 d o Y ] é 9
MIAATILHFIAATAIDE1INUA TS lad U 4 de81a Fala
=3 % [ 1 1 o w 2’, a d‘d a A J 1 d'
AUTIVIINAIDE190I9I0 (1) FIUANFAVRIAAUTUHUAZNOUNLAITDUNIE (L1) (2) dIuh
Y v
un3nog 1Y INUIBHUGDITUDIUHY Coal C (L7) (3) dIUNUNTN IUAIUDUVDINUNSH UTDY
Y H Y
FUDIUHAY Coal C (L14) Haz (4) dauNuNnsnog luntiieiugos U 1u#y Coal B (L19)
a o tg té/ vy
NANISAATITH IS (ANUFY a1Tseve o uazilsuia
14 d' [ 9 901 [ a o = =Y 4
AsueunIn luvitledosaz Iaeuinmiin  (wt.%) M5IATIEH lagazen  (UTuamsueu
[ 2 a 9 2,’ v 1 9 a ~
TaTasu Tulasnuiwzdu vazesndnu lufosay Taeihmiin uazmanudou (A launass
1A o 1 Y] ] a o 4 ~
aon 1ansu (keal / kg)) voausaz@dna19iiua lows lad uaael3luaisiah 4.12
a o %] (] Aa A I'4 14 Y I
NaNINATIZY Tasllszanavesdiedariua louns lad  uaaaliimiu
1 [ A dy dy 9 4 ~ " v Y
MAVRAYVOINNNFY A1F5HE VD1 LazAf5u1uAITVOUAIN WIADTo8aS 7.22, 13.49, 78.66
%’ Y] o w < Y dy 9 % [] Aa A I'4 4 g.}l
uaz 0.63 Tagiimmin awdau azin Iafinudidvesiiedesiud Tous laq Navuags
a0 "9 %} 9 a 4 =) ] dy
110 @ANINANSesas 77 1aginviin) LazNavINNIIAITILH lngaziBen U9y lae
~ o @ s A Vo Y
magveamsuou lalaswu Tulaswu damles uazesndau widudssas 7.24, 1.95, 0.19,
¥ 1 Q 1]
0.30 1Az 11.65 Taesmiin auaIdy tazramINATIZHAINNINTDUYDIRI081 L1, L7, L14

wag L19 M1 302.8, 277.9, 303.0 1A 355.4 N launasinen lansy auainy
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a o a o 1 @ 1
M1519 4.12 HAN3AATIZY Laelszunn NMSAATIEH lagazioen ngﬂ']ﬂ’NiJ%IfJu UBIAIDYN

#udTous1ad (Air dry basis)

Sub-units L1 L7 L14 L19 Average

momziaeizana (Proximate analysis) (%ﬂﬂaziﬂﬂffﬂfiﬁﬂ)

Moisture 5.14 7.64 8.23 7.86 722

Volatile Matter 12.57 13.17 13.61 14.60 13.49

Ash 81.28 78.51 77.82 77.04 78.66

Fixed Carbon 1.01 0.68 0.34 0.50 0.63
myInszvilagaziden (Ultimate analysis) (%} 088z I ﬂﬁliﬁﬂlﬂ)

Carbon 7.08 6.86 7.15 7.88 7.24

Hydrogen 1.43 2.03 2.12 2.22 1.95

Nitrogen 0.24 0.20 0.19 0.13 0.19

Sulfur 0.30 0.31 0.30 0.30 0.30

Oxygen 9.67 12.09 12.41 12.42 11.65
mnsou 302.8 277.9 303.0 3554 309.8
(Heating Value) (kcal/kg)

4.3.1.2 iU AUEIDEOIUKY (Coal sub-unit)

a 4 o 1 1 a g’/ o o ] Y [
ASUATIZHTTAATAID1IDIUHUNIHUA T1UIY 26 919819 1ASAIBE
DUHUINHUWOIUTIUEDY Coal C VINUIU 11 AIDEIT H29E199NHUIID U UEDE Coal B

U 4 A9E19 HALAIDE D TUAUIINHUIED U UED Coal A WU 11 $20814

a 4 a 4 a 4 =
NANITNATIZHUDINITAATIEH 1agdlszuar PTNATIZH Ingaziden
1 9 o 1 1 A A <3 Y Aa 4 =
HAZAIANINS U YDIAI08190 T UHY taad I3 luA13199 4.13 aiu I8 HaN1TUATIZH 5501
=3 Y] ] 1 a 2’_, = | A a 4 1 o [] Aa A I'4 4
IANUBIAIE N IURUNINYA TAUNDONANITIATIZHZINIINAVDIAI0819HUE Tous Iad

Iﬂﬂ!ﬂw13fi1ﬂ’31h%}ﬂu
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a o a o 1 @ 1
M1519 4.13 HAN15UAT1ZH Laedseunn MI5AATIZH lagaziden ngﬂ']ﬂ’ﬂiﬁjﬂu UBIAIDYN

DIUHU (Air dry basis)

Geochemical methods Coal C Coal B Coal A

Range Avg. Range Avg. Range Avg.

a 9 sol o
mymnzilagszana (Proximate analysis) (3ﬂﬂaziﬂﬂu1ﬁ‘uﬂ)

Moisture 1048 -17.97 | 14.14 | 1042-2038 | 1474 | 428-17.86 | 10.52
Volatile Matter 25.17-42.18 | 3245 | 31533608 | 3331 | 25944132 | 3151
Ash

17.06 -53.38 | 32.35 | 8.28-43.64 | 28.70 | 12.00-65.56 | 30.33

Fixed Carbon 10.61-2897 | 21.06 | 13793526 | 2326 | 4223484 | 22.63

a A 9 ?:I ]
MInzHlagazden (Ultimate analysis) (ﬁ@ﬂaziﬂ JUIMUN)

Carbon 27.87-44.72 | 3501 | 28.19-3527 | 31.73 | 19.34-50.48 | 42.19

Hydrogen 353-509 | 454 | 401-484 | 443 3.10-556 | 4.84

Nitrogen 092-126 | 108 | 075-1.17 | 096 | 048-1.72 | 1.30

Sulfur 038-331 | 187 | 064-353 | 209 | 030-058 | 044

Oxygen 20.22-29.28 | 24.75 19.88 19.88 | 28.46-30.96 | 30.12
manudeu

2565-4170 | 3179 4689.1 4689.1 | 4581 -4588 | 4584
(Heating Value) (kcal/kg)

4.3.1.3 v I8AMEDETIHINNY (Oil Shale sub-unit)
Y

@ 1 a Y o A a o w
Tun1sANEIAI0E IR UINNUANVIIVIINNIIA (1) Huiiu Ty
] 1 a 1 ] a %’ v 1) 1 ] a %} v 1
MU UEDY Coal A (2) MeHuUdosndUa1 Lag (3) HilerRu N ugssnouLY 1d
o a d y A g’/ ' Y
1/]1ﬂ1i’3lﬂ‘i1$1’iﬂﬂﬂmﬂﬂ\iellu’(,jdqmm$ﬂ1ﬂ’ﬂili@u
a 4 = =) 9 A 1 =Y dy 9
WaﬂTi’Jl,ﬂ’iWZ‘H‘ﬁimlﬂhllﬂllﬁﬂﬂhlﬁuﬁ1310ﬂ 4.14 WU’J11J‘§3J1m"IIm1

9
o w

VDINIBYIIN UL

D.

9 A A v o I a A 7 4 1 v
aumw’qd LiJ’é]l“I/IEJ‘]Jﬂ‘UG]’J’E]EIN'ﬁu'ﬁi@uTillﬂGl LATZAINITNIDUUD

A ] 1 a A 4 J J a
nmagizmwwuaTami"lﬂmazmuﬁu
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a o a o 1 @ 1
M1519 4.14 HAN15UATIZH Laedseunn MISAATIZH lagazidon ngﬂ']ﬂ’NJJ%IfJu UBIAIDYN

WUUMIU (Air dry basis)

Geochemical methods Oil Shale in Coal A Lower Oil Shale Upper Oil Shale

Range Average Range Average Range Average

g 5w
m3Innzrilaeaziden (Ultimate analysis) (Goaazlaeniniin)

Moisture 6.25-17.65 6.76 1.98 —-4.97 3.90 1.21 -3.86 2.80

Volatile Matter 31.80 — 34.08 33.27 16.05 —30.32 19.47 19.38 — 23.04
29.65

Ash 45.78 —58.23 50.77 67.77 - 80.29 76.92 70.15 — 73.73
76.33

Fixed Carbon 9.97 -20.14 15.96 1.91-5.28 3.61 0.20-5.90 322

a g I
M3 unnziilaeazidan (Ultimate analysis) (Sosazlagsinviin)

Carbon 24.02 11.73 12.50
Hydrogen 3.13 2.13 2.30
Nitrogen 0.62 0.17 0.19

Sulfur 0.68 0.94 0.30
Oxygen 16.46 8.91 10.00

manadou 1534.2 946.3 1161.8
(Heating Value)
(kcal/kg)

432  maaanziinlslada (Pyrolysis analysis)

= dyo a 4 a 4' 1 J
ﬂ?iﬁﬂy1uﬂ1ﬂﬁ’llﬂﬁ$‘I’ill‘WTiul,’dG]fﬁ 1119  HAWK IWDHIAIUDINITUDU

v
A v

DUNTINIHUA (TOC) Wananuiu (S1) wanamns 151U (S2) YSua Co, (S3), Usum Co

a

@ 1 a A a A S o =
(S4 uay S5) HAZRUNINGIFA (Tmax) VNAIBYIWHUALNDUNNTITOUNTINNINITANE
dy a 4 a EX o [ = v A
‘Ll’f)ﬂ%”lﬂ'LlWﬁ%”Iﬂﬂ”li’)!ﬂi”lgﬁlleillﬁ%’ﬁﬁ”liﬂiﬂGl,ﬁlfﬂluﬂ”liﬂ”lu’lmﬂﬁb'uulﬁiﬂimu (HI) uagavyu
a = FY a A (o
20NHLIU (OI) m“l%”lumiizuwwuﬂmmmaimuuuuwumwmm Van Krevelen ‘VIlI'i‘UiJ?Q

9 a a 1 I ] 9 d'
a" Nﬁﬂﬁ?!ﬂﬁ%‘l’ﬂ?‘liiqa%ﬁ HAWK GUE’NLmagﬂflﬂEJN"lﬂLLﬁﬂQGluﬁ"liNVI 4.15
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1919 4.15 wam3ua1en 1w s ladea uuy HAWK vosuaazaosaluniieiugos

Oil Yield; Kerogen Amount of
Sub-units (S1) Yield Cco, TOC Tmax HI (0] 1
(mg/g) (82) (S3) (Wt.%) (O]
(mg/g) (mg/g)

Leonardite 0.64 21.49 1.33 6.37 432 337 20
Coal C 2.11 59.14 9.35 39.18 426 150 23
Coal B 2.32 69.80 8.88 36.43 424 191 24
Coal A 2.19 69.77 12.30 46.65 427 149 26
Oil Shale in 1.49 67.80 5.25 19.13 422 371 31
Coal A
Lower Oil 0.58 42.59 0.72 5.98 434 712 12
Shale
Upper Oil 0.96 40.39 1.19 7.57 425 533 15
Shale

Average 1.47 53.00 5.57 23.04 427.14 349 21.57

HI; a7l laTasiou (Hydrogen Index) = (S2%100)/TOC
Ol; artleonaau (Oxygen Index) = (S3*100)/TOC

HaNAATIY (Oil yield, S1): ﬂ?mmNawamﬁwﬁ’umamﬂﬁaaénﬁ'aﬂﬂh 3
faAnsudendu Az lAALs 0.64 - 2.32 Taansudensa dodiiua Towndlad e s1 7
d1nn (0.64 Taansusonsa) deeraauiunauaian s1 ndiReesulszana 2.11 - 2.32
faandudensy nanantnvoIRIed TR IuAd N 2 TadnTudensy A1 S1 Vo
v Tug iy Coal A qqﬁqﬂ Tuederuiuniuiu (1.49 Haansuaansy)

WA 310Y (Kerogen yield, S2): Wawdan 1510UY0INNA106190A7
Faud 21.49 - 69.80 Taaniudensy HuaTewdlag fie s2 G%Kjﬂ (21.49 HaaniuAvNTY)
Tuvaiziian s2 gagaiiuvesdiodniiedosn1uiiu Coal B (69.80 iaaniudoniu)

5101 €O, (S3): 151w CO, Voo aruatoon 13 Taandudensa

a o 1 [

I % ' ] Il U A a {
SIERRL! CO, qqq@lﬂum@QﬁﬁﬂﬂTQWHQQﬂ@ﬂm@QQTHﬁH A (1230 UaanIuABNITN) 114%1'&148‘171

]
v

H I Y 1 1 1 g’; a ?,’ {5 [ A Aa o 1 @
SIERRL! CO, mqmﬂummmamwuaﬂﬂawuwuumuﬁmﬂ’n (0.72 HAANTUADNIN)
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d a R ¢
AMSVIUBUNIANIHINA (Total organic carbon, TOC) (wt.%): Usuamsveu

A

9 9
UNTINIHUA VYDIAIDINNINUATIAT AIULA 5.98 - 46.65 wt.% TOC VOIDMUHUAIDG U

(<))

v = DA

] 1 1 U ] ) ) g’/ a %’ { :)
GoHUAIGITA (46.65 wt.%) TUYULN TOC VBIRIDIINUIYIDIURIFURUU M UNAININA
fga (5.98 wt.%)

Qa¥HNGIgA (Maximum temperature, Tmax): A1QUNYNFIZAVDIAIE190

Fd Fd v

ANYINNA A1AA 422 - 434 °C TagA1 Tmax gaga Naludiodianiitedosueatuiiy
Y
UUADUAI UAUNIAY 434 °C Tmax

v A = o 1 gj 1

avillalasiou (Hydrogen Index, HI): mawil lalasinuvesdedanivunog

1 % 1 ] ] g’/ a %I L 1 1 U
FEUIN 149 D9 712 Tagdredaniinegosvesruiuiniuaoualn iaaailelasougege
s 712 Tuvaizhidredaninedesvesniuiiu A dainga aalimaril laTasau miny
149
9

A¥HEaNTIIYU (Oxygen Index, OD): AIATUOONTIUVDIAIDEINNINUA U

N 31 veaddedsuiuneglunuiggesn Uiy Coal A IAgAIArIOONTIIUYDI
b4 ] [l
AedaniIggosvei I uABNA1 Hdga Fala Ny 12
o o 1 1
Jarvie et al. (2001) lAlgueANUANNUTI21I19 Tmax HazAMsdzRounda
a A J A [ dy

YOIING Iud AaunIs 4-1 asae Il

Ro=0.018 (Tmax) —7.16 4.1)

9
v

[ = Y a 4 a ~
@91 13314A1 Tmax 91015 0A512H InT5lada HAWK (9115199 4.14) Tun1g
° 1 % v A o ~
AMUIUKIAT Ro MNANMT 4.1 FINaanTUad Ro nenuia lauaad 13 luaised 4.16
@ v 1 Aa a 4 a
910 ANVTURUTUDIAINITTLNOULAIUBIINS 114 (Ro) MIMIriiaas 15191 tay
1 a o { { 4 a o a
Tmax YOIUAAZEITOUNITONANHT (A15199 4.16) @11130AIANITAINITENVDIRUAUT1iIA
UIas@en (Maturation) 1a
a A o [ 1 H
ATTUIUMIIAAVYOITTTEMEITUAUAeMITL lame H,0, CO, ay CO neuh CH,
Tuunazgnilandassawesnun lunuassdudiuiunszuiumsinaouiy azling
9 ' A Y o H o = A A
a$rleTasasuouniiihminluanad Iasmwizmaiimu (CH,) waza1ssziieou 9 o311
" ¢ w = J 1 .. Ao o 9 o = 9
ANUuMamuneaIugnianiaesn Liptinite NSUAUABUI1A (AINITASTHOULAY
a a g { a [ 4 a {
¥99IN3 114 %29 0.2 - 0.5% Ro) (Petersen et al., 2006) JvazNNAAS MR ATTLIMBVIAUTAN

Yaaaesludiuiufiguugiidindr 100 °c aaulugiilu 0,0 uaz co,uaz 14 cu, lu
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= <3 1 1 a ¥ o . . ) v A oA
USua0aniiae (Petersen, 2006) ¥39U09N1INBINAN1TY (Oil window) MFURUAUR TR
a =S dy (Y 9 ya = o VoA o Y ) 1 a dgf = Y
Ylas@evauegnuanuioulanaw daludwmianm il Tas@eunamayy Uamnsasnou
Aa A 4 [ = = 1
uaguedIns lud Tagdszuna Tuesia 0.82 84 0.98% Ro tazauanlumsnaudaveaoq
Y
aznow Tura9 1300 D9 1400 was Jelanudnydmsumsiu laviniuedadlilsz@nsam
(Petersen et al., 2006)
1 1 = 27} % d'd =\ =) 1 =) da! -d' (] L%
¥195282UDINTNONALNUNTUTLANTNINAIANILNATVUN 0.7% Ro 81T 13
AUUsZIAN Type I d115UUT2AN Type IT 11 0.5% Ro tazdm5uilseinn Type I110.6% Ro
=] [] 9 o [ 9 [ 9 A ()
wazdszinn Type I uag II UA1 0.5% Ro TUFNAUTIMTUNMTATI9MFUAL (Dry gas) ¥30N1%
iy (Tissot and Welte, 1984 ; Tissot, Pelet and Ungerer, 1987)
Y
Aatiy 9IARAMIANEINIENUBIRUAUR AU LA IUAULNAY awmINaITaN
a 1 a a P o
NFHAVDUAD 1519 A1 Tmax HazmMsazNnouuaavodIng luanauin’ld (% Ro) (11319

1 9Il 1 a A 4 g’; 1 = g}.; 1 J ] g},: {
4.16) ‘]J\‘I%’JTWH’J‘(’JWHG]%T]E]HVI DUNTYITTITNHUAVDILUAULNA DU Y agizmwmwumuﬁ

fﬁ]’lijq ﬂuazfmﬁ'uq N (Immature and early mature stage)

M319 4.16 MIgnveiuauftatl Insiden (Maturation) Usziiiuaoa1 Ro stiame 1519

1ae Tmax
Sub-units Kerogen Tmax Ro Maturation
Types °C) (%)

Leonardite IT and IIT 432 0.616 Early Mature

Coal C IT and III 426 0.508 Immature to Early
Mature

Coal B IT and III 424 0.472 Immature

Coal A 1I 427 0.526 Immature to Early
Mature

Oil Shale in Coal A Iand 11 422 0.436 Immature

Lower Oil Shale I 434 0.652 Immature to Early
Mature

Upper Oil Shale I 425 0.490 Immature
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(Tmax) A¥UNIIHAH (Production Index, PI) HAYMITALNOULAIVDIINT 1A (% Ro)
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@ v o Jo a 1A 1 ]
1319 4.17 ﬁmwumﬁl’aumi’dzﬁumﬂauﬂummﬁuwuﬁmJ%u@mauﬁ%ﬁmmmmuau

T S, yHausduN3 aausznou
AZNIU Unit Sub-units (Maceral Type) V (%) L (%) In (%) MM (%)
‘VIN’:EH Fluvial sequences (semi- N/A
(Fluvial) consolidated) N/A N/A N/A N/A
Fine-grained sedimentary sequences N/A
N/A N/A N/A N/A
ﬂxmmuﬁﬁﬂ Oil Shale* Upper Oil
(Lacustrine) Shale Alginite and liptinite 5.54 26.62 0 67.84
Lower Oil
Shale Alginite and liptinite 4.33 19.54 0 76.46
Oil Shale in
Coal A Alginite liptinite and sporinite 12.00 74.36 0 13.62
Coal* Coal A Telovitrinite, gelinite, alginite, cutinite, sporinite, fluorinate, liptinite,
resinite, and some of extinite 70.45 23.18 0.29 5.04
ﬂmg-wumﬁq Coal B Telovitrinite, gelinite, cutinite, sporinite liptinite, resinite 75.29 11.88 0.12 12.71
(Forest-Swamp) Coal C Telovitrinite, detrovitrinite and gelinite, cutinite, sporinite, liptinite,
resinite 67.59 12.96 0.68 19.00
Leonardite* Leonardite Detrovitrinite, gelinite, sporinite, liptinite resinite and some of
alginite 20.57 17.29 0 62.14

*organic sub-units in this study, V = Vitrinite, L = Liptinite, In = Inertinite, MM. = Mineral Matter

69T



160

Y 9 Y
Tagiln mﬁﬁxmﬁuENwuummzmﬂuamwumé’emuuummmum%’ﬂ NHUINU

a J { = g : < {
Usznoudeaznouoiuniaga (UM 4.58) uazlsualidigs ¥eldunnazneuvua@ny

>

Woowiwnuamselussiamielilnaun Minerdesiuasesuazan1izgungil
lugamwneadoudai liganunainnaievesanyuzussainite Taena lud) Alginite
1 Y a g 1 1 a % [y}
dawaliinanafSinaasszmoganaz laTasnulumidedosveaiiuingu

y 1 a 27} 9 1 1

Fuvesenieluiiutiniy diulvajilsznoudie Lamalginite 1ag Telalginite 21618

4 1a 4 a y o ‘;’i J o o v 3’,
NADILEIYANTIAN UTOUNTO Telalginite TuHwMIUTUANIZUAAIE BT AR IO IB TU
1 = 1 g’.l 1 ) a 1 d‘ é 1 st! 1T 1

uavzligUinunuezdunvewunineiudosdu 9 Fevuavesamiielaslnavusgiua

=3 o 1 o Y 1
pH UASH1T9IMITVDITNINHUDIUN Iﬂﬂﬂﬂllﬂﬁ'lﬂi'IEJﬁ"liJ'liﬂ@ﬂ“]f‘]Jhluiﬁiﬁ]u]’lﬂﬂﬂ’ﬂ!lﬁg

a =4 A dﬂg [ ) a g o 2 A ~a ?;’ 1 Y
muim"lmiﬂuqmwgwquw ABNINITNUDNVDIN WU UTUFAQIUNDNU NIV N
Y 1 = [ -7 =
NAINAALNINLAINTEUIUNT Inadeu TasumINanuaz iMI gL auv0InENoUNNT
4
Tvaveai
80 - — _— - -
70 &
60 S
50 \ =
40 —N— - B
| : =
o 5 | -
(5] o - =
230 | X X =-
- ] Y . =
c X [ e = =
8 : 3 = N NE =
s 20 F ' i =R SE——= = =
o . [ = = — =
X A = [ = = =
; : = || RE = o B
10 ; : = I EI II'E A1 E
y . = [ | NS =S M| | &S
0 * 5 = H e B ||IFE
leonardite Coal C CoalB  Coal A Oil Sh. In Lower Oil Upper Oil
Coal A Sh. Sh.
@ Volatile Matter & Fixed Carbon O Carbon
m Hydrogen & Vitrinite B Liptinite

d' a 4 ) =~ a 1a A 1 1 a 1
5‘1.]7] 4.58 wammmmwmmmmmwuﬂmmuiaumﬂclul,mawmwuﬂaﬂ

Y



161

4.42 msdszdiudnamndivaui e lns@anve o AL

% Y] Y 4

] Y y Y
auammnadeumsazausnniszaviige llgszauihaumldesddsgnon
a A A a A J a 1a A J o A
mm‘wumﬂaumumi@umﬂiugﬂuuueuaq%uﬂuiaumﬂ oasinsilasundasvos

a A J @ v a A 9 o J a 9
F150UNTIINTEHINMIAIAIVeUDInznoU IaglnAvziNedtosnuesndsenauvesiuay

v

At TnsaenuaziuaeUYsdIIANINITUINITNBINAL 1A @

9

= dy Y ' 3’, a a o w Ao
wanmsane1yIminuI lutuesulnlslada wananiindy (s iad uaz
I'4 [ 4] I'4 4 td' a 1 1 a
msveueglugluesmaarsveu laoen laa Tuvnzinandane Tsou (s2) lunideauiu

1 ] 1 a 1 a iol % 2}1 1 1 a 1 1
898 Coal B U080 1UHUE0Y Coal A LagHUIUU I UFUNUIoD 1 UKHUEDY Coal A ﬁfﬂ’g\i

v
A v

(%% v 7 a 901 @ a 4 a
ANUANNUTUDINANAAUINY (S1) wanaaAo 15194 (S2) HazMTUDUBUNTINIYNA (TOC) Y

Fd 9 b4
v A o w Y 1

) = J J a 1a Y o ' a ' 1
A luguing Tewrs laduaziuiiaiy uaruiiaiuluguniten uiuges Coal A fif
Hanaane 15191 (S2) g9 B lndifsanuviiteamiudes Coal A

4 4 . a 1 L
Ysuamsveu (s3) uaasdemiveulugives Co,uaz cO B lagdnArziiaim

g‘; a A a A d = 4 4 a %‘ @ i 1T v A
luruiuaznouniasounsd sy alewns laduaz iuniniu drumarii lalasiou (HI) naz

v A

= o Y a a 4
AYUDDNHLIU (OI) ’mmiammm"lﬂmﬂwawamﬂaTmu (S2) USummsuou (S3) ung

Y
~ v

J a 7 =2 2, A o £Y ° <3

ANTUBUDUNTINININA (TOC) Tun1s@nBINAY HI uag Ol wmmmulﬂg,ﬂmmwawuu
. Ay Y o A o o ' ~

UAUNIW Van Krevelen diagram Vlulﬂ‘ﬂi‘ﬂlljﬁlﬂLWEl‘ﬂ”ILl,uﬂﬂ53Lﬂﬂﬂl@ﬂlﬂﬂiﬁl%u‘uﬂﬂ@]’mﬂiﬁﬂ

i Y

Anw1 (3UN 4.59) 91NHANTANEINDIT A28 19H U ULAAAD TSI UFA Type I AU

@ 1 a 4 o a (Y 1 U a a

f081911a louns baduaaune 15uyHa Type [ 7208190 1UHULAALAB 159UYHA Type II

Y Y
Faua9e 19 r U U U U0 U g0y Coal A LLEAUAD ISUTEHINNTHA Type II tia e

Type III



162

1000
\
A Leonardite

= Coal

+ Upper Oil Shale
Y% Lower Oil Shale
800 i @ Oil Shalein Coal A

600

HI: hydnggen index
o

200 -- RS T R B B S A

0 ;

0 50 100 . 150 200
\_ Ol : oxygen index Y,

317 4.59 msdwunilszinnne 1519u (Kerogen type) vo9a20819% 1 Tuua i Tagn1s Cross-

plot UD3 HI 1 Ol Iﬂﬁlﬂ%ﬂﬂ?ﬂmﬂ Van Krevelen diagram

Yina'lelasasvoudasy (S1) nazlSuaiveslalasmsveunmasegyedalild
A I 4 o FY 1 A a o o a @ g’/ o
naswilulalasasveu (s2) awnsadaldlumideliadniu/niuveiiy ALuANININYDY

a 4 d' d‘ 9 [ [ = a d‘ 9 [ -4
ﬂ”l'ilﬂﬂllﬁiﬂiﬂ”liﬂﬂu (S1+ S2) MNEIVNNUATUNTHAN (PI) V]hlﬂMT%Wﬂﬂ’NlJﬁlIWH‘EGU?N S1

= )

I Y1 A o 9 @ [l A= 1 =< A a o
/(S1+82) LﬂuWﬁiﬁﬂT PI WﬂTu?mqﬂm@QﬁﬁﬂﬂTQﬂﬁﬂHT UN1DYITHIN 0.1 93 0.3 Yaansy

U

'
] a

[ a e’dy Y dyd A o Y o A A =
Y93 HC / NTUY9d TOC uazwmmﬁzwu‘lﬂuwmizﬂzmﬂuaﬂmmwmummsﬂﬂimmau

a

(2 ]

o 1 1 A ~ 4 =W A o I v 1 g}/ a
G]’J@EJNE]THﬂULLﬁg’JaIi’JH"ﬁ]’lﬂ@]ﬂJﬂT PI qﬂummwm PI gl U198 19MUI8808v0 T UH U

a

b4 Y
o w % ' (%

<] v o ' < R [l {
HIUUFUHAN Wafﬂﬁﬁﬂrﬂ1ﬂ15waﬂ@]ﬂ31ﬂﬁuwu‘ﬁ{§$ﬁ31\1 S2 nyU TOC Lmﬂﬂﬁ}mu’nm@mﬂﬁ

= =

o 1 a 4 AR A A A
ﬁﬂ']el"IllﬁﬂfJﬂ"lWi‘LlﬂTiﬂﬂlﬂﬂﬁ"ﬁ‘ﬂizﬂ’f)‘]JllﬁIﬂﬁﬂ"li‘]Jﬂu‘ﬂﬂﬂﬂﬂwﬂN (g‘lJ‘Vl 4.60)



163

100 i T
1 |
= | - E Excellent
8 | 1 = .
2 I § LT
o 1~ R 1 i e
(@)
g : : Very
’c\\l 1 |
2 | I
éO i |
2L |
S I . A % Good
S s Ccad |
S || A Leonardite Fair
v i .Upper Oil  Shale
7 LowerOilShale |~~~ ~"(|~~"~~"~""~"~"~""~"~">""™"™"™"™"™"™"™7°
@® Oil Shale in Coal A Poor
1 - -
1 TOC (wt.e)10 100

517 4.60 N5 Cross-plot vosUSumveslalasmsveunmioeg (S2) M TOC (wt.%) Haas

U

AaR A A v 1

[ 9 4 a 1 [l
ﬁﬂﬂﬂTWﬂﬁﬁ'i%‘iﬁﬁﬂigﬂﬁlﬂq81@]5?]15“”6““]/]@’0\‘I@LEJ‘(’J?JGUE]\‘IG]’)?JEJNWHGLHLLEQLLNE;]‘U

a A J J . a Y o Aa o =
MIGAUBIAITOUNIE (Organic maturation) Tuiiuauiuiial Tasi@en ansolszana
F4 a o <3| ' a 1 1
laTasgurigigega (Tmax) Taena 'l Tmax Uszana 430°C 1iugiegungiisesansziing

1 A o ' t4 . . = dy (3 1 S a a J d A
“I)”NVIENIliJﬁ‘JJD“imLLa&’Q'ﬂ (Oil production zone) lumsfAnuilaederuiualouslad

Y
o %

1 I ] a 1 Y a
Tmax 410N 430°C LA Tmax gIgA (ﬂi$3ﬂm 434 °C) S N A R A Y KON b A TR A YA YR EY

FUAN (31N 4.61A)



164

Yoo
Immature Mature Post-matere Immatwe Uature v . P
)} : : -
] ' 1 . ’
' é ' : b Qo] onmiew | Measured results
e : 3 : : usialy u.m:;.'u\\ | Egg:]ardite
Typel ' 31 | A X
3 ' . 1 ooy \ g Upper Oil Shale
i ! ! ! \ § Lower Oil Shale
" T \ 3 | @ OilShalein Coal A
' \ -
2 * o\ “t W1 N1
g " d i E g Joen ¢ '-..‘: Calculated %Ro
2 Typell . - = Aty manng \l O Coal
2 - ' - g Lo 7'\*7 1 A Leonardite .........
g ' ' ' H { i\ Upper Oil Shale
E ; oo £ : \} | Lower Oil Shale
o + - H B i \ O Oil Shalein Coal A
2 I 1= | z i A |'
z \\ ! i : = +:. \' \ -
g .| Typell-l : ! § ' § 4 i \\
= L 1 : 3 : 2 o -1 i \ \
= ‘ T : ges grooe; N\ \ l|
'3 . \ \
Type Il 1 ' 3 3% : 1\
! A O : \\
1 0 ! A \ '.
1 ! o \\
1 : S Type B \\
I ' i \\ Ory Gas Wisdee
1 ; \
\ i\ » m N\ i
H e T
! i er 1 :
. 4 o " ’n: na o6 £y ] 12 14 e " 20 22
Pyrolysis Tus (C) Vitrinite Reflectance (%Ro)
(A) (B)

o w

v v
% a o a o Aa
gﬂﬁ 4.61 ammumauﬂjmmiqﬂmmmi@mﬁﬂ (Organic maturation) Tuniudusuiia

UTasiaeu AN cross-plot Y94 HI NU Tmax (A) g HI AU Ro (B)

o v @ T g T { o
HANIANEIANNFNHUT UV cross-plot ¥BY HI A1 Tmax L9 1aAmanuTeuism

J o ] a 4 d Aa 9°J Y 1 a . 1
“lﬁ’ﬁ%’nmsﬂizﬂ@u"laimmsu@um@amamwuﬁiamﬂﬂm UUHUIUU ULAZDIUNY 5]?\1?(’31/!

] 1T A o a A (] ] [ 1 4 ] I~}
Tngiwansanymuniduduiiilallasideuanogluseszez nds iauysel od1elsnam i

(4 1

a 9°l Y] 3’, 1 = 4 o d‘Q 9 o a A = ] ]
m@mwawuumu%ummasaiﬂmivlﬁm Wﬁu@]uﬂul‘lﬂﬂIﬂilﬁﬂﬂ@giusﬁﬂﬁigﬂZQﬂ
aoudu (3U7N 4.61A)

9 a a 14 I ax @ J a 9
miﬁzmauuﬁwmmﬂum (Ro) UJ'L!'J‘ﬁﬂ'li‘ﬂ'l\illﬁ\‘i1Uﬂ153ﬂﬂ31ﬂﬁﬂuimﬂl@\1ﬁu@u
o A A . 1 d o @ ' a
Autiail Tas1aeu (Tissot and Welte, 1984) ¥39ANUaNY sl dImiunsnanaa1slszne
¢ A 9 ¥ ¥ a a S 1w A
Vl,EII@]5?]']5“ﬂuﬂ1u1§ﬂLﬁllﬁu1ﬂﬂﬂ1§ﬂ$ﬂ@ullﬁﬂﬂﬂﬂﬂﬂ§1uﬁ INNY 0.4% Ro (190 Tmax

Yszura 420°0) 1 usrasuinisad1allIasiaen (Petersen, 2002; Sykes et al., 2002) 11

a

= 2 9 a s Ao Y ' p
NITANEIU ﬂ1ﬂ15ﬁ$ﬂﬂullﬁqm@ﬁjﬂiqu@] V]ﬂqu?mvlﬂ@gigﬁ')'m 0.436 - 0.652%Ro (ﬁ']'i’]\ﬁfl



165

a

{1 { a 4 o v 7
4.16) GluellmgﬁﬂnﬂafJGIIE]Qﬂ15ﬁ$ﬁIE]ULLﬁQSIl@\1'J“Vlillu@] ﬁ@ 0.41%Ro NHAANUTUNUTUDY

v A J

[ 9 a a Y dy 1w 1 a A da =R
ﬂ“]fullaiﬂﬁlfﬂu (HD) ﬂUsllﬂﬁﬂ'lﬁﬁgﬂﬂul!ﬁ\iéllﬂﬁ?ﬂﬁllu@] Ulﬂﬂ\ﬂf'ﬂc‘nﬂfJ']\iﬁWﬁleWlﬁfJWﬁﬂH”l
;’ﬂ A A 9 o Aa A = (] 1 A o 1 d A o 1 (] <3
MU Nﬁu@IUﬂ']LuﬂﬂTﬁﬁlﬁ'(’JlJ@f‘,]lalusb'j\?‘l’lﬂ\illﬂﬁuﬂuﬁmﬁiﬂﬂ\iuluijﬂ fJfJ'NvlﬁfWHN 2N

@ v J o dy Y I 1T W [ a 901 ) gj 1 gj a A 4 4
ANUTUNUDTUDY HI DU Ro U Llﬁﬂ\iﬁlﬁLﬁu'ﬂﬁ'}ﬂfﬂ\iWuu11]u‘]fuﬁ1\1 uawuﬁuaiamﬂm

o A

Faruauiuiiall Tasidenoglusiszezgnaoudu (U9 4.61B)

@ a a o <

Apiinanan (P) 1HazguuigIga (Tmax) 11N15ATOANADA (cross-plot) A1U15D
o 9 d‘ a 4 d' a d? a 9 o a A =
inldieszymatiavesarsdsznou lalasamsveuinaduvesiuduiuiiall lasideoy

v J v o 1 woA a = Y @ l A = =
HAANTY0INITHIANUTUNUT VoI FTHANAR 1HoURD Tmax Yosd10819R AN (317
] < 2 o 9 Y1 1A A JAR y [l a

4.62) Famsnseanaoailrhliszy ldndedduninanymamuaaneg lumsinaves Tau

Y
WY (Oil zone generation)

1 —
i i
| ) : & I Dry gas zone O Coal
09 : § - : A Leonardite
1 N ey e
T = : g . Upper Oil Shale
08 ! -8 'i-‘ ! O Lower Qil Shale
i Loy AR
' T
0.7 1 O
1 ' 1
= |
= 1 - 1
T 06 ' - I
2 1 1
= i - 1
= o5 Migrated 1 : !
= hydrocarbons : ! :
v 1
S 04 [ - 1
3 1 i [
(- 1 1
0.3 E:]A 1 1
I 1 1
o S
0.2 I | "
1 1 1
01 1 1 1
R & 2 A e I S R P - 11 W O S O SO R SORON
N Low level
380 400 420 440 460 480 S00 520 540 560 580

Pyrolysis T, ("C)

317 4.62 M3 Cross-plot of Productive Index (PI) fil) Tmax Y93A20619% U ULBLLIAY



=
Unn s

asiwamsdIvenazdoiauonuz

Y
Tumsanuil Idvimsanyiannadoumsazauaznoutazanennil Tas@ewy

1 a A J [ = Y = a a
VOIULBIAZNOUDUNTIULAY F9U5ENOUAIY TUMATUIN NMTANEIAAITTHUIING U

=) v

Aa 7 a ¢ A Aayy o A = A Y o 7
DUNTYIND Llﬂ$ﬂ1§3m§1$‘ﬂ‘ﬁimlﬂllulﬂQﬂﬂ“uuﬂWﬂLagﬁﬂHW LW’E]i‘Vi‘]JiiQ’JG]Q‘]Ji%ﬁQﬂ"IJ’EN

v
=

=2 dy 2 dy Y v 1 dy
msaneil Fwadglvesnamsanuiaunsoaglla aeae il

5.1 i;m1wumé’aumsagt’mmnammzﬁﬂymzmaﬁ’mumnau‘luuémﬁﬁu

v

1 1= I 1 2 A d ' Ja A o [l A

woulay (Huuesvuia@n ‘mﬂuummﬂ@uuuUﬂﬁluqﬂm@ﬁL%i ANDYN NN UD
9
m@ﬂﬂﬁglﬂﬂ"l‘ﬂﬂ ﬁzuumi‘w‘uauﬂzﬂﬂucluumﬁﬁﬁmwumﬁ}@uﬂﬁﬂUﬂumzﬂau 3
ﬁ'ﬂ']WlL'J@éj’ﬂiJ ulﬁl!ﬂ' ﬁmwumﬁ%mmuﬂu’e)ﬂﬁﬂudaum@uﬁnmmuéﬂ ﬁﬂ']WLL'Jﬂ'g@NLL‘U‘U
Y Y Y

‘ﬂzLaﬁmm%ﬂﬂluﬂaumuﬂmwmum me’c’fmmnﬂé}@mmuwnm Lﬂﬂﬁuﬂluﬁauﬁﬂuuu
' a A A @ 1 Yy 1 a ? o ' A = 4 4 =2
VDD mﬂauaumﬂﬂwﬂﬂﬂm'lﬂ“luuaﬂu llﬂllﬂ UUUIUU DTUHU me%mﬂm Tﬂﬂll

a o 3 ] @ @ o J g =
ﬂ'l'i!,ﬂ'dﬂullﬂﬁ\‘l‘lJ’éN3$WU°LJ']1HLL?NL‘]_Iuﬂﬁ]fﬂﬂﬁﬁﬂ{l‘l‘lfﬂﬁﬂ’JUﬂiJﬂTiW]JﬂiJ‘UﬂQﬂZﬂ’ﬂulﬁﬁTu KN

a A

[ [ [ I [ [ 1 [ [ 1
AZADUDUNT 1ULBILNAY HUIDeMY 7 HU1eg08 TasF#991naIUANDIAIUUUVDILD
o [ dy 1 a 1 = 4 4 1 a 1 1 a 1
AUAIRY A1l (1) NUIEHUEDIAUNS 1aa (2) 8T UEY Coal C (3) HUIBHUGDE Coal B (4)
1 = 1 1 =\ 1 =) %} o 1 =) 1 = BO’ -7 1 1
HUIOHUEDY Coal A (5) U8 UERETININU U Coal A (6) MUIBHIUTDIH LN UTIUA
1 =\ 1 =) %I o 1

1oz (7) “UAYRUIDIN UUUUTIUDU

MIANHUNINBIALTZNOUDUNTIUAZ AN INIAR DN NITHUDUAZNOUVD LKA

o a a a A v = = ] 1
?m Iﬂﬂ@?ﬁﬂWﬁﬂ1iﬁﬂ‘l&l1’?’{’611’355‘@]41”’31/]81611!01&1/]58’3@6 Uaspiulau ?ﬂlﬂiﬂ‘ﬂ\i%

Q

Y o o 4 =) o w Y o w
AONMNLIAADUNITNUDUALNOU inl,!,uﬂhlﬂ 3 ﬂ‘ié‘ﬁlﬂ‘ﬂ IﬂEll‘ifl\'lﬁ?ﬂﬂﬂ1ﬂu'ﬁ]ﬂllﬂll'lﬂ@]'lﬂJf,ﬂ@‘]J
4

= Y = K =3 vy %’ A
AU (1) ﬁﬂW\ILL’J@’ﬁE]llLLU‘]J?T‘L!’E'N“IJ\‘IE]\?’]hW?iHﬁHENUQ (2) ANNLIAADULUUNZIATIVUIIN

Y
iuag (3) ANNUIARONLULNINN

[

ITAUIMINTZVIUMIMINVONAZNOU UL UNAY FUAUIINNTNUDUAZNDUAEY

A

A @ %‘ 1 § 2 (% 1 J g o a
mammmuuﬂuumﬁqﬁu IUBINNITNTAAIVDILD ‘]J’i1ﬂid]ﬂﬁmﬁ1/]1clﬁ!l,ﬂﬂﬂ1iﬁ$ﬁn

= a dﬂ'c‘) =

= A a2 A A Y a =}
ﬂl@dﬁ%ﬂi’)uﬂ]u”lﬂazl’ﬂﬂﬂTlllﬂJiJﬁif’JﬂJﬂiiJ"lmfﬂi@ NIy cmﬂixﬂaumﬂﬂumuﬂmaﬂﬂau

v
=

A a A J . dy a 9 T A 1 =) o 4 o 19 ?,’ :: A
NUT1TOUNTY (Gyttja) “l,uwuﬂmnm"lﬂmmuﬂu mmJ1aT@mﬂmgﬂmuauiusmumm ¥\)3)



167

¥ P4
A KR A

¥ A Y 9 N =< A @ v A ;A a =04
‘LAW]Wll‘L!W@mﬂﬂmﬂﬁ‘L!TTﬂuﬂﬂﬂlmgﬂTW?iuﬁuﬂﬁﬂﬂuﬂﬁﬁzﬁuﬁ’J oz g NUsumaunsgas

Y
= 1

1] 9 H

MUY dawarmlifinaruaiuiiv 1dun vileugesa Uiy Coal C, Coal B tiag Coal A 1l
1 Y

’e‘]galumuﬁeumwemmmﬂau %Qﬁﬂ?iﬂﬂﬂﬂiﬂﬁﬂWWLlﬁﬂé}ﬂmllﬂﬂﬁuﬂﬁﬁﬁ NaNIINUU
Y v v

ﬂ%ﬂf)u‘llfN“I/I$Laﬁ'lﬂu'l%ﬂﬁﬂ'lﬁ“l/l‘UﬂiJil!ﬁ%ﬂUWﬁ\NTuﬂW TuaiuasunanveBInzNoU “?\1

a o 1 H Jd )
UszneudleaznouvInazdeauazliounsding lnemmgwuavienganauysol dawa

qug’;a Y o Aa A AdAA @A = t4 W a1 oa ¥ o
°1wmmmwuumu‘nnaﬁaumEmmJ3mmuasﬁummﬁamsmqﬂuwmwuﬂaﬂwuumuiu
y 1 a ) a ) a ?)’ v 1 1 ) a 1 a 50’ Y 1 1
FUDIUNU Coal A HUIYHUIDIVUUINUFIUANW LASHUIIHUIDIVUUINUTIUDU Gluﬁf]’ﬂ

v

Y ° o @ @ X I
m:ﬂaumﬂﬁm‘wumaauu‘uumamﬁmmuaﬂmzﬂuwawuqq «?mﬂumﬂaummﬂ
= =2 2’.: A A A a A Jd A < 9 Y @ A J
(113192 IANRGRINET] ‘VI\Wlthll‘Vii@ﬂJ’ﬁWi@u%iﬂLWﬂﬂmﬂu@ﬂ "lﬂumﬁmuaummumuuumamm

fATNOU

= 4

] a 1 g dgl 1 1 a g 1
HAMSANBINUIERUG0sALTS laa U9 Ia1aznouvesniieiullinsazanodlu

Y A @ A~ a a =] [ ' 1 3
ﬁmwumaamwumﬁﬂmmuqq ‘V]iJﬂ'liLi]iﬂJm“UIﬁéllﬁN‘ﬁ%!W‘(’Nlaﬂﬁj@ﬂ muslwmul,ﬂummu

=

a ¢ A = 2 A @ a A Jd a L. < Y &
1T UUNTY ﬁllellu’lﬂagi!ﬂﬂﬂ G?\“Illﬂ'lfl'ﬁ'gﬁuw%}@ﬂﬂﬂﬁ'lﬁ@uvﬁﬂcﬁuﬂ Gelovitrinite t1aNUDY "?\3
[ dyﬁ 9 = a o [
U\?“lfﬂ\‘lﬁﬂ'l‘wu')ﬂaﬂllLL'U'UWHENUQGluﬂ’li'ﬁ]'ﬁ]ﬂclfulﬂ‘ﬂ)'iuigﬂﬂﬂ'luﬂﬂ'N

[ a 1 [ a H 1A Jd A
HANISANYINUIAUEDID1UNAY Coal C, Coal B 1lag Coal A NTUIDUNT¥IA

o . a2 &y == v
Detrovitrinite 1@ Liptinite melﬂimmmmqqmuﬂmﬁ FIVIBAITNINUIAAD ULV U U

Y
1A

L. .. L. = Ao v \ =
Fluorinite, Sporinite {1& Resinite ‘ﬂNUﬂsﬁﬂﬂﬁﬂnziﬂﬂﬁb‘uiuﬁﬂw\lLL?@ﬁﬂMﬂWWEiH‘HU@QUQ

a

dy o 1 =4 1 1 a 1 tdyu/ = 9 [
UONVINUBIALTZNOUVBUTDUNITIVBIH U IUHAUIMAINTINANUFDANADINUIAD 151U

a A [~ Y o A (2 a a so’ Y] Y3 9
FUA Type 11 1A Type 11 ﬂﬁauolﬁq;!,ﬂuﬂummmmﬂwmiwmL!,azmﬂumuhlmaﬂu@ﬂ

[

a 4 { a ?,’ 1 ] [ [
HAANBINNINAINMTAYANVOIENNIIAG B UV IA luu @y daulng)

F4 1
o o [ [ a

I a Aa a A /A L4 = 1 1a A ¢
WuR T UNN a5 UNITdNeaNaNYsalLas A 1M 199 1UIUNIN TININUTOUNTITUA

q U

v
v 1 ¥ A

¥ = = 2 2 o
Alginite HUHINUUAZNOUVUIAALIDYA Nﬂa’immmﬁﬁf,jﬁ U\?“]fﬁ\?ﬁﬂ'lwujﬂﬁlﬂuigﬂﬂﬁﬂ HIUN
Y Ay 2 v & 1a A A LA a
Llagﬁﬂ'lwu']ﬂaﬂiﬁﬂhlu@jﬂiﬂﬂju 8@1ﬂﬂ31uuﬂ%u1mlﬁ@umiﬂ%u@ Alginite 1/]’(,;(\3 INANITN

@ 1 ] 4 4 X 1 a
NITNUDNAIV TN U ‘]J\‘]%ﬁ\‘]ﬂ'ﬂllﬁﬂylim"ll@QﬁWi’E)']W']icluﬁﬂ'lW!l'Jﬂé}ﬂﬂJ Gdﬁﬂﬁ'ﬁwaclﬁjﬂu

9
gwd v

A Y o a ¥ A A a a
U1 umﬂuwuﬁummﬂm UNA Vllﬂﬂiﬂiﬂﬂellf]\ilﬂﬂiiﬁlu%u@ Type I



168

52  dngmnvesnuautuiatlns@ey

1 1 a [l 4
auavlszneumunlvedouAuuNay Usznoudis asueuuas laTasau Usua

1A 29 Y o 1 a A Y A o & a Aao a 3 a
10 uadUF AR U1 DIUNUNAININUIDUGN FuuromaInianenIw onNINITN
e e s e . o Y a " Aa o 1 a o 9
31 Vitrinite 10 Liptinite g\ minoudwaIti ﬂﬂﬂWWQ’ﬂumiﬂmﬂﬂm‘ﬁfUlﬂ
9

1 a I'4 4 a [ 1 c', 1 1 a g’; ] 1
Manusouveariud Iouns laduaziuiiniy dadnnouiuni3 vt o 1u
Y

9
A a A

= o Il < a
URUNY 2 FUaKHUY B ’E]EJNhliﬂGHiJ‘HLl

1 = A 4 a A d a
UHANAY 1esndsuamsueuaunsal

= 4 14 I 1A = AA o y A S o ¥ a
alows laaorailunnd el Tas@enntidnenin1d iioanindian TOC g (6.37 wt.%) Ay
=S 4 4 v a [ Y @ @
aTems"lﬂﬂmmm%mﬂuwuﬁﬂamwmqmﬂwwmqm 1U§$ﬂﬂﬂﬂ!ﬂ11ﬁlﬂ1uﬂa1\1

a aol Y] 1 =) a A 4 :, 1 ldtiy F) LR a = g
A luuewuay JUSnamsveudnm HANUDTIFINNDIUHULNAY UBNIINU

b4 Y
o w 1 J a °

daifSumves  TOC wagmelsnugs  anvazvesiuiniudIuaszadienuiuiiu
Y
duuU taz il uaves Alginite AN TuUDIURY
HAYBINT cross-plot Y84 At lalasau (HI) NU A%LAGAN (OI) VULNUNIN Van
Aa [ Y & Y dy 1 a A J I a 2}/
Krevelen NimMsdsuilsaud dawa ldusdnaznouduniodume lsnuyia Type T nalu
v Y Y
nieRudgosruITud Uz EINUE  AstiunFiaveune Isau luruihiuluue s
=S é S o 1 a %’ b4
AU FAnemWIumsnona1du
[ = [ 1 Liyl 1 9 1
HAYDINTT cross-plot V84 Ayt lalasiou (HI) AU Tmax Us¥Nannuieulumsne
a A = % ] a A 4 I A g v 1 a 1 ] ] ] A o ]
et Tasidovoadiegnaiud Towd laa fiviiiu uazauiu drulvgodluriszezngs
J a A = ] 3 % ] a ¥ o 1 ' o 1
gnvisonomnall Iasidon (Immature) 0619 13NAMAI0E19UDIH U UTIUAIDLAID019909
a A 4 S 1 1 1 PPN 1
#wualows ladneglusieszezgnrienamall Tasdeulusnedu
1 a A 4 (] J {
TumsfAnmaimsdzRounaaueedng 1ua 0g21119 0.436 - 0.652%Ro Tuym N
1 = @ T dy Y ] a 4 {
ANRAY 0.41%Ro LLAZNAVOINT cross-plot YO Vitrinite 11 HI 19 18118206198 UN3 68139
S 1 1 d’ U L " a 1 % ] a %I % 1 1
Anyinanuaeg lusieszeznds lunemall Tasiden aaudredwvesiuhiudiuasaz
% 1 = 4 o [l ] 1 a A =1 [] 9
A10619904a Tous laanogluaeszeznomnatl Tasideusasdu
= 9 a ﬂo} @ Ao a a o (% a 4
S uamananiiaiu (S1) W61 (0.58 - 2.32 Haaniu/nTw) NNANITAATIEN N

a Y o a o

a @ ' AR g A 1 g = = A = A =
Iivlﬁcﬁﬁﬂlﬂﬁﬁ’)@ﬂ'lﬁﬂﬁﬂ‘hﬂ !,!,G]ﬂEJQE]?)’J1L’1J1JHHG]uﬂ'lluﬂﬂiﬁilﬁﬂll‘ﬂﬂ NYHNINA  1UDNIINY

9
a A o % A v A o

HanaaAB 1519 (S2) g9 (MNNAT 69.8 Waaniw/niu) wenanudaldnenmlumsnena

a =\ A Aa o [ oA = Id a 9 o A
‘]JT@‘I?LQEJ?JI@EJ?’J?JQQ (22.13 - 72.12 WaanIN/nNIY) FeneNUFgnemnmMsuriuaus e

v o 1

a = AR A % a a2 d A .. .. =
Ua3@eunadeanIn ANUFURUSAUMINUITOUNTEFUA Resinite 1182 Suberinite UT110s



169

A .. o <3 9 a A JA =R 1 dy ] dyd o 1
1N NN Exsudatinite mmumﬂuaﬂclumﬂauaumﬂ‘ﬂﬂﬂmmmu mmmuwmmiw"la

Wlasdoueen lnnasdunideglusnszezidiinonateszoynonall Tasidensaedu

%

5.3 YDA UBDUUY

el ldaseungudanmsAnEIENINLIARONMT AL AUAZNOULAZHNIN TN
=y a o 1 ] . [~ I 1 I a
UTasasuvesnznoudunidvoaunaunay Fauaasldmiudaanudlullldanssdluiudu
o a A { [ { A, § g o o
duiatl las@deuniidnenming TaoismsanunldlumsAnuianniotilddszgnaldlu
MIANEIAMNLIAADUMT Tz auaznouazl sz udnenInd Tasaeuu0In15vUD0N VD

a = a 9 ) a a U d‘ d'da 9 o a A = [
1JTmmﬂm1fmuﬂummﬁ“luwuummﬂauauq nuAuaun el Insiaeu ﬂﬁl!‘ﬂiﬁiuﬂWH

v
a =

[ 4 a o W g’/ 9 (% 1 (= g 1 4
ABIlDY FIAINYT LATAIRUTUTUNAAIBADIN VLY aILNAV Tagmnizueaunos e lu
Uszmealne 010F U 1BIUNT 18991 UDUTEIUIU LD UDIUNTDA LOIUIFDI 1D
= I Y
Aeaung 1uau

= 1 a o dy o = a' a d‘ [ = = a
Tun1sANYIND9INIIUIVEY AINITONINITANH BN UIANNEINUTTaAY TU1F 9
= 1 a 4 a 4 [ a a o
s10az10e9 15U N5uATIzd o 1y 1nl Msdnszisauazuslsznouiu M3 inT1ZHE19
a A J d wa a o Y
Usgnovvesa1sounid 1udu minageuguauiavesiutazaznow tazmIiue19oya
a o J a [ 1
namsan lUaaszd Taenms g Tlsunsuganuas lumsdsziiudneainusausiagnou

1 1151031 PetroMod 130 11/51054 Rockwork tiiodsziiudnaninmsinail Tasideuse 1



318N1591994

NFUMHUTINTNT (2542) Wuiisz198111 1A (Ban Pa Dange, Map sheet 5046 TIT 1105181
1:50,000

ASTM International (2011a) Standard practice for collection of channel samples of coal in amine.
In: Bailey S.J., Baldini N.C., Emery S. (eds) Annual Book of ASTM Standards: section 5
Petroleum Products, Lubricants, and Fossil Fuels, Gaseous Fuels; Coal and Coke
05.06, pp.560 - 562.

ASTM International (2011b) Preparing coal samples for analysis. In: Bailey S.J., Baldini N.C.,
Emery S. (eds) Annual Book of ASTM Standards: section 5 Petroleum Products,
Lubricants, and Fossil Fuels, Gaseous Fuels; Coal and Coke 05.06, pp.420 - 436.

ASTM International (2011c) Collection and preparation of coke sample for laboratory analysis. In:
Bailey S.J., Baldini N.C., Emery S. (eds) Annual Book of ASTM Standards: section 5
Petroleum Products, Lubricants, and Fossil Fuels, Gaseous Fuels; Coal and Coke
05.06, pp.367 - 371.

ASTM International (2011d) Standard test method for total moisture in coal. In: Bailey S.J., Baldini
N.C., Emery S (eds) Annual Book of ASTM Standards: section 5 Petroleum Products,
Lubricants, and Fossil Fuels, Gaseous Fuels; Coal and Coke 05.06, pp.506 - 512.

ASTM International (2011e) Proximate Analysis of coal and coke by Macro Thermogravimetric
Analysis. In: Bailey S.J., Baldini N.C., Emery S. (eds) Annual Book of ASTM Standards:
section 5 Petroleum Products Lubricants, and Fossil Fuels, Gaseous Fuels; Coal and
Coke 05.06, pp.600, 814 - 822.

ASTM International (2011f) Instrumental determination of carbon, hydrogen, and nitrogen in
laboratory samples of coal. In: Bailey S.J., Baldini N.C., Emery S. (eds) Annual Book of
ASTM Standards: section 5 Petroleum Products, Lubricants, and Fossil Fuels, Gaseous
Fuels; Coal and Coke 05.06, pp.613 - 621.

ASTM International (2011g) Sulfur in the analysis sample of coal and coke using high temperature

tube furnace combustion. In: Bailey S.J., Baldini N.C., Emery S.(eds) Annual Book of



171

ASTM Standards: section 5 Petroleum Products, Lubricants, and Fossil Fuels, Gaseous
Fuels; Coal and Coke 05.06, pp.542 - 549.

ASTM International (2011h) Preparing coal sample for microscopical analysis by reflected light.
In: Bailey S.J., Baldini N.C., Emery S.(eds) Annual Book of ASTM Standards: section 5
Petroleum Products, Lubricants, and Fossil Fuels, Gaseous Fuels; Coal and Coke
05.06, pp.454-458.

ASTM International (2011i) Microscopical determination of the maceral composition of coal. In:
Bailey SJ, Baldini NC, Emery S (eds) Annual Book of Astm Standards: section 5
Petroleum Products, Lubricants, and Fossil Fuels, Gaseous Fuels; Coal and Coke
05.06, pp.464-469.

Bertrand, P. (1984) Geochemical and petrographic characterization of humic coals considered as
possible oil source rocks. In : Schenck, P.A., de Leeuw, J.W. and Lijmbach, G.W.M (eds)
Organic Geochemistry, pp. 481-488.

Belaid, A., Krooss, B.M., and Littke, R. (2010). Thermal history and source rock characterization
of a Paleozoic section in the Awbari Trough, Murzuq Basin, SW Libya. Marine and
Petroleum Geology 27, pp. 612-632.

Brook, J., Conford, C., Archer, R. (1987) The role of hydrocarbon source rock in petroleum
exploration. In: Brooks, J., Fleet, A.J. (eds.), Marine Petroleum Source Rocks Geological
Society Special Publication No. 26, pp. 17 — 46.

Buffetaut, E., Helmcke-Ingavat, R., Jaeger, J.-J., Jongkanjanasoontorn, Y. and Suteethorn, V.
(1988) Mastodon remains from the Mae Teep basin (nortern Thailand) and their
boistratigraphic significance. Competes Rendus Acadamie Scientifique Paris 306, 249 —
254,

Burri, P., (1989). Hydrocarbon potential of tertiary intermontane basins in Thailand. In T.
Thanasuthipitak, and P. Ounchanum (eds.), Proceedings of the the International
Symposium on Intermontane Basins: Geology and Resources. Department of Geology
Sciences, Chiang Mai University, Chiang Mai, Thailand, January 30 February 2, 3 — 12.

Chaodumrong, P., Ukakimapan, Y., Sansieng, S., Janmaha, S., Pradidtan, S., and Sae Leow, N.

(1983). A Review of the Tertiary Sedimentary Rocks of Thailand. /n P. Nutalaya (eds.),



172

Proceeding of the Workshop on Stratigraphic Correlation of Thailand and Malaysia, Had
Yai, Thailand, September 8 — 10, 159 — 187.

Chaodumrong P., Chaimanee Y. (2002) Tertiary Sedimentary Basins in Thailand. The Symposium
on Geology of Thailand, 26-31 August, 156 — 169.

Charoenprawat, S. Chuaviroj, C. Hinthong and C. Chonglakmani (1994): Geology of Changwat
Lampang (NE 47-7), scale 1:250,000. Geological Survey Division, Department of Mineral
Resources, (in Thai)

Chinbunchorn, N., Pradidtan, S., and Sttayarak, N. (1989). Petroleum potential of Tertiary
intermontane basins in Thailand. In T. Thanasuthipitak, and P. Ounchanum (eds.),
Proceedings of the Internaltional Symposium on Intermontane Basin: Geology and
Resources. Department of Geology Sciences, Chiang Mai University, Chiang Mai,
Thailand, January 30 February 2, 29 —41.

Cohen, A.D., Raymond, R., Ramirez, A., Morales, Z., Ponce, F. (1989) The Changuinola peat
deposit of northwestern Panama: a tropical, back-barrier, peat (coal)- forming environment.
International Journal of Coal Geology 12, pp.157-192.

Cook, A. C. and Kantsler, A.J. (1982) The Origin and petrology of organic matter in coals, oil
shales and petroleum source rocks. Geology Department, University of Wollongong.

Cook, A.C. and Sherwood, N.R. (2003) Classification of oil shales, coals and other organic-rich
rocks. Organic Geochemistry 17(2), pp. 211 —222.

Department of Mineral Resources (1964) Report on the Geology of Oil, Oil Shale, and Coal in the
Tertiary Basin of Northern Thailand. Bangkok.

Department of Mineral Resources (1981) Report on the Geology of Oil, Oil Shale, and Coal in the
Tertiary Basin of Northern Thailand. Bangkok.

Department of Mineral Fuels (2007). Geology of Thailand. Department of Mineral Fuels, Bangkok,

(in Thai). Available from internet, http:/www.dmf.go.th/bid20/petro_province.html

Dow, W.G. (1977). Kerogen studies and geological interpretations. Journal of Geochemical
Exploration, V.7, pp. 79 — 99.
Durand, B. (1993). Composition and structure of organic matter in immature sediments. In:

Bordenave, M.L., (eds.). Applied Petroleum Geochemistry, Paris. pp. 77-100.


http://www.dmf.go.th/bid20/petro_province.html

173

Durand, B. and Paratte, M. (1983) Oil potential of coals. In: Brooks, J. (eds.) Petroleum
Geochemistry and Exploration of Europe, Blackwell Scientific Publication, Oxford,
pp-285-292.

Francis W. (1961) Coal: Its Formation and Composition. Edward Arnold (Publishers) Ltd.,
London.

Gibling, M. and Ratanasthien, B. (1980). Cenozoic basins of Thailand and their coal deposits: A
preliminary report. Bulletin of the Geological Society of Malaya 13, pp. 27 — 42.

Gibling MR, Ukakimaphan Y, Stisuk S (1985) Oil shale and coal in intermontane basins of
Thailand, American Association of Petroleum Geologists, Bulletin 69, pp. 760-766
Gibling, M.R., Tantisukrit, C., Uttamo, W., Thanasuthipitak, T. and Haraluck, M. (1985) Qil Shale
sedimentology and geochemistry in Cenozoic Mae Sot Basin, Thailand. American

Association of Petroleum Geologists Bulletin 69, pp. 767 — 780.

Gibling MR, Ukakimaphan Y, Srisuk S (1988) Facies change of coal and oil shale strata in the
Cenozoic Mae Tip basin, Northern Thailand. Open-file Report,Geological Science,
ChiangMai University 8105-2, 1-15.

Hunt, J.M., (1991). Generation of gas and oil from coal and other terrestrial organic matter.
Organic Geochemistry, 17, No.6, pp. 673-680. Pergamon Press. Oxford.

Hunt, J.M. (1996). Petroleum geochemistry and geology. New York, Second Edition. pp. 743.

Hutton, A.C. (1982). Organic petrology of oil shales [Dissertation]. University of Wollongong

Hutton, A.C. (1987) Petrographic classification of oil shales. International Journal of Coal Geology
V.8, pp. 203 — 231.

International Committee for Coal and Organic Petrology; ICCP. The new vitrinite classification
(ICCP System 1994). Fuel 1998; 77 No.5, pp. 349 — 358.

International Committee for Coal and Organic Petrology; ICCP. The new inertinite classification
(ICCP System 1994). Fuel 2001. 80, pp. 459 —471.

Isaksen, H.G., Curry, J.D., Yeakel, D.J. and Jenssen, I.A. (1998) Controls on the oil and gas

potential of humic coals. Organic Geochemistry Vol 29 (Bi, 1-3) Elsevier Science. Ltd., pp 23—

44



174

Jarvie, D.M., Claxton, B.L., Henk, F., and Breyer, J.T., (2001). Oil and shale gas from the Barnett
Shale, Fort Worth basin, Texas. AAPG National Convention, June 3-6, 2001, Denver, CO,
AAPG Bull. Vol. 85, No. 13 (Supplement), p. A100.

Jeffrey R. Levine (1993) Coalification: The Evolution of Coal as Source Rock and Reservoir Rock

for Oil and Gas. AAPG (online). Available at http:/jeffrey.levineonline.com/wp-

content/uploads/documents/1993.AAPG Memoir 38.L evine.Coalification.pdf

Jone, R.W. (1987) Organic Facies. In: Brooks, J and Welte, D. (eds.) Advances in Petroleum
Geochemistry, Academic Press, London, 2, pp.1 — 90.

Killops, S and Killops, V. (2005). Introduction to Organic Geochemistry, Second Edition.
Blackwell Publishing, 126.

Law, C.A. (1999) Evaluating Source Rocks. Volume Treatise of Petroleum Geology/Handbook of
Petroleum Geology: Exploring for Oil and Gas Traps, AAPG Special Volumes.3, pp. 1-34.

Lawwongngam, K. and Philp, P.R. (1993). Preliminary investigation of oil and source rock organic
geochemisity for selected Tertiary basin of Thailand. Journal of Southeast Asian Earth
Science, Vol.8 (1-4), pp.433 — 448

Lewis, W.D., and McConchie, D. (1937). Practical Sedimentology. New York, America. 197 p.

Available at http://trove.nla.gov.au/version/44779937

Maria, M. Agnieszka, D., James C.Hower, Jennifer M.K.O’Keefe (2011) Chapter 3 — Spontaneous
Combustion and Coal Petrology. Coal and Peat Fires: A Global Perspective V1: Coal-
Geology and Combustion. ELSEVIER, pp 47 — 62

Mendonca Filho J.G., Menezes T.R., de Oliveira Mendonca J., de Oliveira A.D., da Silva T.F.,
Rondon N.F., da Silva F.S., (2012). Organic Facies: Palynofacies and Organic Geochemistry
Approaches. In: Geochemistry - Earth's System Processes, Dr. Dionisios Panagiotaras
(Ed.) ISBN: 978-953-51-0586-2

McKee, R.H. and Goodwin, R.T. (1923) A chemical examination of the organic matter in oil shales.
Colorado School of Mines Quart 18(1), pp. 8 — 20.

Miles, A.J. (1994). Glossary of terms applicable to the petroleum system. In: Magoon, L.B., Dow,

W.G., (eds.). The Petroleum System-From Source to Trap: AAPG Memoir. 60: 643-644.


http://jeffrey.levineonline.com/wp-content/uploads/documents/1993.AAPG_Memoir_38.Levine.Coalification.pdf
http://jeffrey.levineonline.com/wp-content/uploads/documents/1993.AAPG_Memoir_38.Levine.Coalification.pdf
http://trove.nla.gov.au/version/44779937
https://www.sciencedirect.com/science/article/pii/B9780444528582000037#!
https://www.sciencedirect.com/science/article/pii/B9780444528582000037#!
https://www.sciencedirect.com/science/article/pii/B9780444528582000037#!

175

Morley, C.K. Sangkumarn, N., Hoon, T. B., Aliet, A. and Simmons, M. (2001). Late Oligocene-
Recent stress evolution in rift basins of northern and central Thailand: implications of escape
tectonics. Tectonophysics. 334, pp.115 — 150.

Morley, C.K. and Racey, A. (2011) Tertiary stratigraphy. In: Ridd, M.F., Barber, A.J. and Crow,
M.J. (eds) The Geology of Thailand, Geological Society, London, pp. 223-271.

O’Leary, H. and Hill, G.S. (1989) Cenozoic basin development in the Sourthern Central Plains,
Thailand. Proceedings of the International Conference on Geology and mineral
Resources of Thailand, Bangkok, Department of Mineral Resources, Bangkok, 1-8

Pasley, M. A. (1991) Organic matter variation a depositional sequence; implications for use of
source rock data in sequence stratigraphy. Bulletin of the American Association of
Petrleum Geologists, 75, 650p.

Peters, K.E., and Cassa, M.R. (1994). Applied source rock geochemistry. In: Magoon, L.B., Dow,
W.G., (eds.). The Petroleum System-From Source to Trap. AAPG Memoir. 60, pp. 93-
120.

Peters K.E., Walters C.C., Moldowan J.M. (2005). The Biomarker Guide Volume 2: Biomarkers
and Isotopes in Petroleum Exploration and Earth History. Cambridge University Press,
Cambridge, pp. 475-1155.

Peterson, H.I. (2002) A re-consideration of the “oil window’ for humic coal and kerogen type III
source rocks. Journal of Geology 25, 407 — 432.

Peterson, H.I. (2006) The petroleum generation potential and effective oil window of humic coals
related to coal composition and age. Journal of Coal Geology 67, pp. 221 — 248.

Petersen, H.I. and Nielsen, L.H. (1995) Controls on peat accumulation and depositional
environments of a coal-bearing coastal plain succession of a pull-apart basin ; a petrographic,
geochemical and sedimentological study, lower Jurassic, Denmark. International Journal
of Coal Geology 27, pp. 99 — 129.

Petersen, H.I., Foopatthanakamol, A. and Ratanasthien, B. (2006) Petroleum potential, thermal
maturity and the oil window of oil shales and coals in Cenozoic Rift Basin, Central and

Northern Thailand. Journal of Petroleum Geology 29(4), pp. 337-360.



176

Petersen, H.I., Nytoft, H.P., Ratanasthien, B. and Foopattahanakamola, A. (2006) Oils from
Cenozoic rift basins in central and northern Thailand: source and thermal maturity. Journal
of Petroleum Geology 30, pp. 59 — 78.

Piyasin, S. (1972) Geology of the Lampang Quadrangle, Sheet NE 47-7, Scale 1:250,000. Report
of Investigation No. 14, 011/30/27, Department of Mineral Resources, Bangkok, Thailand.

Piyasin, S. (1975) Review of the Lampang Group, In Stokes, R.B., Tantisukrit, C., and Campbell,
K.V. (eds.). Proceedings of the conference on the geology of Thailand: 7973. Department
of geological sciences Chiang Mai University, 101-108.

Polachan, S. and Satayarak, N. (1989) Strike-slip tectonic and the development of Tertiary basins
in Thailand. Proceedings of the International Symposium on Intermontane Basin:
Geology and Resources, Chiang Mai, Thailand, 30 Jan-2 Feb 1989, p. 243 — 253.

Polachan, S., Srikulwong, S., Yuwanasiri, S., and Tungkaew, T. (1980). Geology of the North-
Central Thailand. Onshore Petroleum Exploration Report, no.l. Mineral Fuels
Division, Department of Mineral Resources (in Thai). 102 p.

Polachan, S., Pradidtan, S., Tongtaow, C. Janmaha, S., Intarawijitr, K. and Sangsuwan, C. (1991)
Develompent of Cenozoic basins in Thailand. Marine and Petroleum Geology, 8, pp. 84 —
97

Praditan, S. (1989) Characteristics and controls of lacustrine deposits of some Tertiary basin in
Thailand. In. Thanasuthipitak, T. and Ounchanum, P. (eds) Intermontane Basin: Geology
and Resources. University of Chiang mai, Chang Mai, pp. 133 — 145

Racey, A. (2011) Petroleum Goelogy. In: Ridd M. F, Barber A.J, Crow M.J. (eds) The Geology of
Thailand, The Geological Society, London, pp.351 - 392.

Ratanasthien, B. (1989) Depositional environment of Mae Lamao basin as indicated by palynology
and coal petrography. In: Thanasuthipitak, T. and Ounchanum, P. (eds) International
Symposium on Intermontane Bains: Geology and Resources. Chiang Mai Thailand, pp.
205 -215

Ratanasthien, B. (1992) Properties of Tertiary Coal in Northern Thailand. Chiang Mai University
Library. [Internet]. 2015 [cited 2015 May 26]. Available from: ASEAN Minerals database

and Information System.



177

Ratanasthien, B., Kojima, T., Tokumitsu, T., Katoh, A. and Uyemura, N. (1992) Relationship
between elementary analysis, origin and diagenesis of Tertiary Thai coals. Proceddings of
the National Conference on Geologic Resource of Thailand: Potential for Future
Development, Bangkok, pp. 273 — 282.

Ratanasthien B. (1997; 2015) Algae type of oil source rocks in northern Thailand. The internal
conference on Stratigraphy and Tectonic Evolution of Southese Asia and the South
Pacific. Bangkok, Thailand 19 — 24 August 1997

Ratanasthien, B. (1999) Association of oil source algae in some Tertiary basins, northern Thailand.
Journal of Asian Earth Science 17, pp.295 — 299.

Ratanasthien, B. (1992). Neogene Events Recorded in Coalfields in Northern Thailand. Proceeding
of Development Geology of Thailand to the Year 2000; 13-14 December, 1990;
Chulalongkorn University, Bangkok, Thailand, pp.462 — 476.

Ratanasthien, B., Phromphutha, M., Rayanakorn, M., Srikong, L., Kijsawadpiboon, P., Roppiree,
P., Yavichal, A. and Aviruthananun, P. (2000). Suitability of Thai Coals for Activated
Carbon Starting Material. Proceedings of Symposium on mineral Energy and Water
Resources of Thailand; October 28-29; DMR, Bangkok, Thailand, p.539 — 544.

Ratanasthien, B. (2011) Coal deposits. In: Ridd M. F, Barber A.J, Crow M.J. (eds) The Geology
of Thailand, The Geological Society, London, pp.393 — 414.

Roberts, L.N.R., and McCabe, P.J., 1992, Peat accumulation in coastal-plain mires-A model for
coals of the Fruitland Formation (Upper Cretaceous) of southern Colorado, U.S.A.:
International Journal of Coal Geology, v. 21, pp. 115-138.

Ronald, W.T. Wikins and George, C.S. (2002) Coal as a source rock for oil: a review. International
Journal of Coal Geology, 50, pp. 317 — 361.

Sebag D., Disnar J.R., Guillet B., Di-Giovanni C., Verrecchia E.P. & Durand A., 2006a. Monitoring
organic matter dynamics in soil profiles by “Rock Eval pyrolysis”: bulk characterization and
quantification of degradation. European Journal of Soil Science 57, pp. 344-355.

Sebag, D., Di-Giovanni, C., Ogier, S., Mesnage, V., Laggoun-Défarge, F. & Durand, A., 2006b.

Inventory of sedimentary organic matter in modern wetland (Marais Vernier, Normandy,



178

France) as source-indicative tools to study Holocene alluvial deposits (Lower Seine Valley,
France). International Journal of Coal Geology 67, pp. 1-16.

Selley, R. C. (1985; 1998; 2014) Elements of Petroleum Geology (edition 2) Department of
Geology Imperical College London United Kingdom

Sethakul, N. (1984) Pongnok oil field. Symposium on Cenozoic basin of Thailand. Chiang Mai
University, Thailand.

Songtham W. (2003) Stratigraphic Correlation of Tertiary Basins in Northern Thailand Using Algae
Pollen and Spore. PhD thesis, Chiang Mai University.

Stach, E., Mackowsky, M.-TH., Teichmuller, M., Taylor, G.H., Chandra, D. and Teichmuller, R.
(1975) The maceral of coal. In: Stach, E., Mackowsky, M.-TH., Teichmuller, M., Chandra,
D., Taylor, G.H. (eds.) Coal Petrology, Gebruder Borntraeger, Berlin, pp. 54-93.

Stopes, M. C. and Wheeler, R.V. (1918) The constitution of Coal. HMSO, London (on gehalf of
the Department of Science and Industrial Research).

Suarez-Ruiz, 1., Flores, D., Filho, J.G.M., and Hackley, P.C. (2012). Review and update of the
applications of organic petrology: Part 1. International Journal of Coal Geology. 99, pp.
54-112.

Sykes, R. (2001) Depositional and rank controls on the petroleum potential of coaly source rocks.
In: Hill, K.C. and Bernecker, T. (eds.) Eastern Australasian Symposium, a refocused
energy perspective for the future. Petrol. Expl. Soc. Austral. Spec. Publ. pp. 591 — 601.

Sykes, R. and Snowdon, L.R. (2002) Guidelines for assessing the petroleum potential of coaly
source rocks using Rock-Eval pyrolysis. Org. Geochem. 33, pp. 1441 — 1455.

Sykorova 1., Pickel W., Christanis K., Wolf M., Taylor G.H., Flores D. (2005) Classification of
huminiteICCP System 1994. International Journal of Coal Geology 62, pp. 85 — 106.

Teichmuller M. (1975) Origin of the petrographic constituents of coal. In: Stach E., Mackowsky
M.-TH., Teichmuller M., Chandra D., Taylor G.H. (eds) Coal Petrology, Gebruder
Borntraeger, Berlin, pp. 176 - 237.

Teichmuller, M. And Durand, B. (1983) Fluorescence microscopical rank studies on liptinites and
vitrinites in peat and coals, and comparison with results of the Rock-Eval pyrolysis.

International Journal of Coal Geology 2, pp. 197 — 230.



179

Thomas, B.M. (1982) Land plant source rocks for oil and their significance in Australian basin.
Journal of the Australian Petroleum Exploration Association 22, pp.164 — 178.

Tissot, B. P. and Welte, D.H. (1978) Petroleum Formation and Occurrence, 2 ed.: Springer-
Verlag. Berlin Heidelberg, New York, pp. 430 - 449.

Tissot, B., and Welte, D.H. (1984). Petroleum Formation and Occurrence, 2nd ed. Springer-
Verlag, Heidelberg. pp. 669.

Tissot, B.P., Pelet, R. and Ungerer, P.H. (1987) Thermal history of sedimentary basins, maturation
indices, and kinetics of oil and gas generation. AAPG Bull., 71, pp. 1445 — 1466.

Tsukii Y. (2014) Green algae: Pediastrumboryanum. [Internet]. [cited 2014Jan 19]. Available
from: http://www2.fcps.edu/islandcreekes/ecology/green algae.htm

Tyson, R.V. (1995). Sedimentary Organic Matter: Organic Facies and Palynofacies. Chapman and
Hall, London. pp. 615.

Uttamo, W., Elder, C. and Nichols, G. (2003). Sedimentology of Neogene sequence in the Mae
Moh basin, northern Thailand. In: Ratanasheen, B., Riee, S. L and Chantraprasert, S. (eds)
Proceddings of the 8" Ingernational Congress of Pacific Neogene Stratigraphy:Pacific
Neogene Paleoenvironment and their Evaluation. Chiang Mai, Thailand, pp. 31 — 48

Van Krevelen, D.W. (1993) Coal, typology-chemistry-physics-constitution. Elsevier, Amsterdam
Oxford, New York, USA.

Van Krevelen, D.W. (1950). Graphical-statistical method for the study of structure and reaction
processes of coal, Fuel, 29, pp. 269-84.

Wang, H., Shao, L., Hao, L., Zhang, P., Glasspool, 1.J., Wheeley, J.R., Wignall, P.B., Yi, T., Zhang,
M., Hilton, J. (2011) Sedimentology and sequence stragigraphy of the Lopingian (Late
Permian) coal measures in sourthwestern China, International Journal of Coal Geology

85, pp.168 — 18



MANHIN N
Nﬁﬂ”liﬁﬂ‘lenaﬁTJﬁiﬂ!H1%9&@'138%1’%5@’13

] a v = d d
ﬁuﬁﬂﬁuﬂﬂﬂﬁiﬂuTﬂﬂﬂ



181

Y v d Y oA
cﬂ]Wﬁlﬂﬂaaﬂﬁﬁﬂiﬁﬁu!!uu%ﬂ!!ﬁﬁ ADHUY

Sample No. L7-1

Leonardite (sapropelic
origin).

Composition (%)
V=19%

L=24%

1=0%

MM =57 %

4 A - | Vitrinite consisted mainly
A e e B of gelinite show small

- ! globules of pale gray to dark
gray in PPL and dark brown
to black in XPL and UV
excitation.

Liptinite consist mainly of
liptodetrinite, sporinite, and
resinite. They display
colorless and white yellow
to pale gray with high relief
in PPL, yellowish brown in
XPL. Under UV excitation
liptodetrinite show small
yellow dots, resinite show
yellow lager dots, and
sporinite show yellowish
brown with spore shape.

Mineral Matter are of
quartz and clay minerals
cemented by gelinite. Quartz
and clays display white to
gray in PPL, white to pale
gray in XPL and dark gray
to black in UV excitation.

0016 mm. |

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter
Re = Resinite, S = Sporinite, Q = Quartz, C = Clay, Li = Liptodetrinite

51 n-1 nmldndesgansseninuuluasvesiiodisiiua Tours lad (Sample No. L7-1)

Y
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Sample No. L7-3

Leonardite
Composition (%)
Taisigilam V=25%
L=13%
1=0%

MM =62 %

Vitrinite consisted mainly of
gelovitrinite show small
globules of dark gray in XPL
Jl and black in UV excitation.

Liptinite consist of
liptodetrinite, sporinite,
resinite and alginite remain.
They display yellowish
brown in XPL and bright
yellow to brownish yellow
in. Under UV excitation.

Mineral Matter are clay
minerals. They display pale
gray in XPL and dark gray to
| black in UV excitation.

0.016 mm. -

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter
Re = Resinite, S = Sporinite, Q = Quartz, C = Clay, Li = Liptodetrinite

51 -2 nmldndesganssminunlFuasvosdedneiug Tours lad (Sample No. L7-3)
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Sample No. L7-4

Leonardite
Composition (%)

| V=21%

L=23%
1=0%
MM =56 %

Vitrinite consisted mainly of
gelinite shows pale gray in
PPL and dark in XPL and UV

| excitation.

Liptinite consist mainly of
liptodetrinite, with some of
alginite and fragment of
cutinite. Under UV

_| excitation, liptodetrinite is
«| dark yellow to brown spots

and greenish yellow dots.
Cutinite shows dark yellow
thin and short lines of leaves
fragments. Alginite shows
white yellow in PPL and
XPL with bright yellow
under UV excitation.
Mineral Matter are mainly
of clay and silica minerals
with some of pyrite. Clays
and silica show white to pale
gray ground mass in PPL,
black in XPL and dark under
UV excitation. .Pyrite display
yellow sphere with brown
oxide rim in PPL and XPL
and dark brown under UV
excitation.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
V = Vitrinite, L = Liptinite, I = Inertinite, MM = Mineral Matter
A = Alginite, Li = Liptodetrinite, Cu = Cutinite, Py = Pyrite, C = Clay

51 -3 nmldndesganssminuulduasvesdiedraiiualours lad (Sample No. L7-4)
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ppL | Sample No. L14 -1

Leonardite
Composition (%)
V=25%
L=14%
1=0%

MM =61 %

Vitrinite consists of mainly
of gelovitrinite show small
globules and dot of dark
gray in XPL and black in
UV excitation.

Liptinite consists of
liptodetrinite, sporinite,
resinite and other maceral
remain. They display
yellowish brown dots in
XPL and bright yellow to
brownish yellow under UV
excitation.

Mineral Matter are clay
minerals and they display
pale gray in PPL and XPL,
and dark in UV excitation.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation

V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter
Re = Resinite, S = Sporinite, Q = Quartz, C = Clay, Li = Liptodetrinite

Y @ 1 a A 4
51 -4 nmldndesgansseminuulfuasvesdediaiiualouts lad (Sample No. L14-1)
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0.016 mm.

Sample No. L14-2

: Leonardite
I Composition (%)

V=21%
L=18%

<l 1=0%
! MM =61 %

Vitrinite consists mainly of

- | gelinite globules display pale

gray in PPL and black in
XPL and UV excitation.

R Liptinite consists mainly of

liptodetrinite and sporinite.
Sporinite show dark gray in
PPL and dark brown in XPL.
Under UV excitation, they

display yellow to dark yellow

of small to big dots with
spore shape. Liptodetrinite

: | display bright yellow of very

small spots under UV
excitation.

3 Mineral Matter made up
| mainly of clay minerals with
2 silica and some of sulfide
=4 minerals. Clay and silica
°| show pale gray in PPL, white

to yellowish brown in XPL

2 and dark in UV excitation.

Sulfide mineral show dark

| gray to black in PPL, brown

in XPL and dark brown
under UV excitation.

PPL = Plane Polarlzed light, XPL Cross Polarlzed light, UV ex = UV excitation
V = Vitrinite, L = Liptinite, I = Inertinite, MM = Mineral Matter
S = Sporinite, Li = Liptodetronite, C = Clay, Si = Silica, Sul = Sulfide mineral

Y @ v 1 a A M 7
51 n-5 amldndoagansseninunlduaavesdiodianiug Tews lad (Sample No. L14-2)
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Sample No. L14-3

Leonardite
Composition (%)
V=12%
L=17%

1=0%

MM =71 %

Vitrinite consist mainly of
gelinite globules They
display pale gray in PPL and
black in XPL and UV
extinction.

Liptinite are mainly of
liptodetrinite and sporinite.
Sporinite show dark gray in
PPL and dark brown in
XPL. Under UV excitation,
they display yellow to dark
yellow of small to big dots
with spore shape.
Liptodetrinite display
bright yellow of very small
spots under UV extinction.

Mineral Matter made up
mainly of clay minerals with
silica. Clay and silica show
pale gray in PPL, white to
yellowish brown in XPL
and dark in UV extinction.

0.016 mm.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV
excitation

V = Vitrinite, L = Liptinite, I = Inertinite, MM = Mineral Matter

S = Sporinite, Li = Liptodetronite, C = Clay, Si = Silica

Y @ v 1 a A M 7
51 n-6 nmldndoagansseninunlduasvesdiodiaiug Tews lad (Sample No. L14-3)
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Sample No. L19-1

Leonardite
Composition (%)
V=21%
L=12%

1=0%

MM =67 %

Vitrinite consisted mainly
of gelinite display small
globule pale gray in PPL
and black in XPL and UV
extinction.

Liptinite are mainly of
liptodetrinite and sporinite.
Sporinite show dark gray
dot in PPL and dark brown
in XPL. Under UV
extinction, they display
yellow to dark yellow of

- small to big dots with spore
’ shape. Liptodetrinite
; . display bright yellow of

very small spots under UV
extinction.

Mineral Matter are mainly
of clay minerals with silica.
Clay and silica show pale
gray in PPL, white to
yellowish brown in XPL
and dark in UV extinction.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV
excitation

V = Vitrinite, L = Liptinite, I = Inertinite, MM = Mineral Matter

S = Sporinite, Li = Liptodetronite, C = Clay, Si = Silica, Sul = Sulfide mineral

51 -7 nmldndesgansseninuulduasvesdedraiiuaTours las (Sample No. L19-1)
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Sample No. C2-1

Texto-ulminite show well
preserve cell walls and cell
ulmin but highly cracked
due to high moisture content
in coal.

Composition (%)
V=T77%

S L=0%

I =0%
MM =23 %

Vitrinite consist of texto-
ulminite in telovitrinite
subgroup. They show
structure of cell walls
(textinite)filled with

M gelified material (ulminite).

Texto-ulminite display pale
gray in PPL and black in

| XPL.

Mineral Matter consist
mainly of clay minerals and
silica filling in dry ulminite
voids. They show brownish
yellow to dark dots in PPL.
In XPL clay display yellow
to yellowish brown and
silica display white.

PPL = Plane Polarized light, XPL = Cross Polarized light
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter

T = Textinite Ul = Ulminite, Cl = Clay, Si = Silica

Y 4 @ 1 1 a
51U v-1 nmidndesganssmivuulduasvesdredianiuiiu (Sample No. C2 -1)
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BB o T e Sample No. C2-2

Densinite (sapropelic coal)
show the accumulation of
organic matter.

Composition (%)
V =68 %

L=17 %

1=0%

MM =15 %

Vitrinite consist of densinite,
several of organic matter and
gelinite cements. They show
pale gray in PPL with high
relief, black in XPL and UV
extinction.

Liptinite consist mainly of
liptodetrinite and resinite.
Liptodetrinite display dark
yellow to orange spots,
various sizes without shape.
Resinite display bright
yellow of big spots with
sphere shape.

Mineral matter consists
mainly of clay and silica
minerals. They display white
dots in XPL and black under
UV extinction

0.016 mm.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV
excitation

V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter

Re = Resinite, S = Sporinite, C = Clay, Si = Silica

510 v-2 nmidndesganssmivuulfuasvesdaodaniuiiu (Sample No. C2 -2)

Y
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0.016 mm.

Sample No. C2-4

Textinite consist mainly of
well preserve cell walls and
cell ulmin in coal.

Composition (%)
V =86 %
L=0%

1=0%

MM =14 %

Vitrinite consists of texto-
ulminite in telovitrinite
subgroup. They show
structure of wood cell walls
and display pale gray in PPL
and black in XPL.

Mineral Matter consists of
clay minerals filling in dry
ulminite voids. They show
dark dots and line in PPL.
In XPL they display white
color.

PPL = Plane Polarized light, XPL = Cross Polarized light
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter

T = Textinite Ul = Ulminite, Cl = Clay, Si = Silica

1 -3 mmldndosqanssmivunlfuasveiiedianiuiiu (Sample No. C2 —4)
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S F ) g T 2] | sample No. C2-7

Texto-ulminite consist
mainly of well preserve cell
walls and cell ulmin but
highly cracked due to high
moisture content in coal.

Composition (%)
V=84%

L=0%

I=0%

MM =16 %

Vitrinite consist of texto-
ulminite in telovitrinite
subgroup. They show
structure of cell walls
(textinite) filled with
gelified material (ulminite).

ey e S ke . Texto-ulminite display pale
A PR U gray in PPL and black in
Mineral Matter consists of
clay minerals and silica
filling in dry ulminite voids.
They show brownish yellow
to dark dots in PPL. In XPL
clay display yellow to
yellowish brown and silica
display white.

PPL = Plane Polarized light, XPL = Cross Polarized light
V = Vitrinite, L = Liptinite, I = Inertinite, MM = Mineral Matter
T = Textinite Ul = Ulminite, Cl = Clay, Si = Silica

51 v-4 nwldndesgansseniuuulFuasvesdiedianiuiu (Sample No. C2 —7)
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Sample No.C2-8

Gelovitrinite show
character of wood tissue
with desiccation crack of
gel.

Composition (%)
V=79 %
L=0%

1=0%

MM =21 %

Vitrinite consist of
collotelinite with ulminite.
They display structure of
wood tissue and densinite.
They display colorless and
pale gray to light brown in
PPL and black in XPL.

Mineral Matter consists of
clay minerals filled in crack,
display black in PPL and
white dots in XPL.

PPL = Plane Polarized light, XPL = Cross Polarized light
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter
Gel = Gelinite, Cl = Clay, Tec = Telocollinite, Ul = Ulminite

'

510 v-5 mmidndesganssminuulfuasvesdledaniuiiu (Sample No. C2 -8)
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Sample No.C2-9

Gelovitrinite shows
character of wood tissue
with desiccation crack of
gel.

Composition (%)
V=71%
L=0%

1=0%

MM =29 %

Vitrinite consists of
collotelinite with ulminite.
They display structure of
wood tissue and densinite.
They display colorless and
pale gray to light brown in
PPL and black in XPL.

Mineral Matter consists of
clay minerals filled in crack,
display black in PPL and
white dots in XPL.

PPL = Plane Polarized light, XPL = Cross Polarized light

V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter
Gel = Gelinite, Cl = Clay, Tec = Telocollinite, Ul =
Collotelinite

Ulminite, Col-Tel =

J U 1 1 =)
-6 mw“ls?l'ﬂé’m@amiﬁmmﬂ%’uawmmaﬂNmuﬂu (Sample No. C2 -9)
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0.016 mm.

Sample No. C2-10

Densinite (sapropelic coal)
show the accumulation of
organic matter.

Composition (%)
V=21%
L=11%

1=0%

MM =68 %

Vitrinite consists of
densinite, several of organic
matter and gelinite cements.
They show pale gray in PPL
with high relief, black in UV
excitation.

Liptinite consists mainly of
liptodetrinite and resinite.
Liptodetrinite display dark
yellow to orange spots,
various sizes without shape.

Mineral matter consists
mainly of clay and silica
minerals. They display white
dots in XPL and black under
UV ex.

excitation

Re = Resinite, S = Sporinite, C = Clay, Si = Silica

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV

V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter

51 v-7 pmldndosganssenivunlfuasvesiiedranuiiu (Sample No. C2 —10)
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ppL |Sample No. C3-1

¥ Densinite (sapropelic coal)
s show the accumulation of

55 organlc matter.

o Vitrinite consists of densinite,
% several of organic matter and

a8 gelinite cements. They show

& pale gray in PPL with high

¥l relief, dark gray to black in XPL
and black in UV excitation.

{ Liptinite consists mainly of
liptodetrinite and resinite. They
% | show pale gray in PPL and white

§ UV excitation, Llptodetrlnlte
display dark yellow to orange

shape Resinite show bright
8 yellow of big spots with sphere
shape.

Mineral matter consists mainly
of clay and silica minerals. They
i display dark in PPL with white

| dots in XPL and black under UV
ex. The orange crystal in XPL
and dark brown to black in UV
ex could be siderite.

PPL = Plane Polarlzed light, XPL = Cross Polarized light, UV ex = UV excitation
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter
Re = Resinite, S = Sporinite, C = Clay, Sid = Siderite, Si = Silica

51 4-8 nwldndesgansseniuuulduasvesdiedianiuiiu (Sample No. C3-1)
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Sample No. C4-1

Densinite (sapropelic coal)
show the accumulation of
organic matter.

Composition (%)
V =50 %
L=20%

1=0%

MM =30 %

Vitrinite consists of
densinite, several of organic
matter and gelinite cements.
They show pale gray in PPL
with high relief, dark gray to
black in XPL and black in
UV excitation.

Liptinite consists mainly of
liptodetrinite and sporinite
with some of resinite. They
show pale gray in PPL and
white to light yellow in
XPL. Under UV excitation,
Liptodetrinite and resinite
display dark yellow to
orange spots, various sizes
without shape. Sporinite
remains show yellow of
spore shape.

Mineral matter consists
mainly of clay and silica
minerals. They display dark
in PPL with white dots in
XPL and black under UV
ex.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV

excitation

V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter
Re = Resinite, S = Sporinite, C = Clay, Sid = Siderite, Si = Silica

51 v-9 nwldndesgansseniuuulduasvesdiedianiuiu (Sample No. C4-1)
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Sample No. C4-2

Telovitrinite show cell
ulmin of gel

Composition (%)
V =51%
L=26%

1=0%

MM =23 %

Vitrinite consist of ulminite
and display colorless with
high relief and pale gray in
PPL and black in XPL.

Liptinite consist mainly of
liptodetrinite sporinite and
some of resinite. They show
pale gray in PPL and light
yellow to brown in XPL.
Liptodetrinite display dark
yellow to orange spots,
various sizes without shape.
Sporinite show yellow with
shape. Resinite show bright
yellow of big spots with
sphere shape.

Mineral matter consists
mainly of clay and silica
minerals. They display
white dots in XPL and black
under UV ex.

excitation

PPL =Plane Polaried light, XPL = Cross oIrized light, UV ex = UV

V = Vitrinite, L = Liptinite, I = Inertinite, MM = Mineral Matter

Re = Resinite, S = Sporinite, C = Clay

51 -10 mwldndesganssminuyFuasvesdiodieaiuiiu (Sample No. C4-2)
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J
) e SRS

3%
“ | Telovitrinite with
-2 | | gelovitrinite and Resinite

Composition (%)
V =55%

L=9%

1=1%

MM =35 %

0 r 3 Vitrinite consist of gelinite
with structure of ulmin and
gel dry. They display pale
gray with strongly reflect
layer in PPL and black in
XPL and UV ex.

Liptinite consist of resinite,
with some sporinite.
Resinite show colorless to
light yellow in PPL, white to

. ‘ | | orange in XPL, bright
4 1 yellow with sphere shape
- \ and highly orange rim, and
small sphere shape in UV

excitation.

Inertinite is a sclerotinite in
gelovtrinite.

Mineral Matters consists
mostly of clay minerals and
display pale gray to dark in
PPL, white spread in XPL
and black under UV
excitation.

0.016 mm.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV
excitation

V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter

Re = Resinite, S = Sporinite, Sc = Sclerotinite

51 v-11 nmdndesganssminuuluasvesdodraniuiiu (Sample No. C4-3)
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PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation,
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter

= Liptodetrinite, Su = Suberinite, Ul =

Cutinite

Sample No. C4-5

Telovitrinite (UIminite) with
suberinite

Composition (%)
V =65 %
L=27%

1=0%

MM =8 %

Vitrinite consist of gelinite
with structure of dry cell
ulmin. They display pale gray
with strongly reflect layer in
PPL and black in XPL.

Liptinite consist of Suberinite,
cutinite remains and some
liptodestrinite. Suberinite
show yellow circle and shape
of dry cell. Cutinite show
remains of yellow line in UV
excitation.

Mineral Matters consists
mostly of clay minerals and
display pale gray to dark in
PPL, white spread in XPL, and
black under UV excitation.

Ulminite, C = Clay mineral, Cu =

ﬂ"ﬁ ¥-12 m‘w”lﬂﬂamfuamiﬁmmuhummmmamamuﬁu (Sample No. C4-5)
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Gelovitrinite with densinite
consist mainly of wood gel
remains.

Composition (%)
V=85%
L=0%

1=0%

MM =15 %

Vitrinite consist of
gelovitrinite in detrovinite.
Gelovitrinite show structure
of wood cell walls. They
display pale gray in PPL and
black in XPL.

Mineral Matter consists of
clay minerals deposited in
detrovinite. They display
white dots in XPL.

00l6mm. .. ®

PPL = Plane Polarized light, XPL = Cross Polarized light
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter
Gel = Gelovinite, C = Clay

510 v-13 nmldndesganssaivunlFuasvesdiotisauiu (Sample No. C4-6)

'
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Sample No. C4-7

Telovitrinite
It shows well preserve wood
cell in coal.

Composition (%)
V =100 %
L=0%

1=0%

MM =0 %

Vitrinite consists of
telovitrinite subgroup. They
show structure of wood cell
walls and display pale gray
in PPL and black in XPL.

0.016 mm.

PPL = Plane Polarized light, XPL = Cross Polarized light
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter
T = Textinite Ul = Ulminite, Cl = Clay, Si = Silica

51 v-14 mwldndesganssminuy1Fuasvosdedieaiuiiu (Sample No. C4-7)
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Sample No. C5-1

Porigelinite with
suberinite

Composition (%)
V =68 %
L=19%

1=0%

MM =13 %

Vitrinite consist of
gelovitrinite (porigelinite)
with textinite. They show
structure of wood and
display pale gray with
strongly reflect in PPL and
black in XPL

Liptinite consist of
Suberinite of essential oil
(terpenite) filled in brunk or
branch and twig surface.
Suberinite display pale
green to yellow orange in
UV excitation.

Mineral Matters consist
mostly of clay minerals and
display pale gray to pale
green in PPL and in XPL.
They fill in gap of surface
brunk and display dark
under UV excitation.

PPL = Plane Polarlzed light, XPL Cross Polarized light, UV ex = UV
excitation, V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter
Su = Suberinite, C = Clay mineral, Por = Porigelinite, Tex = Texinite

51 4-15 nmldndesganssminuulfuasvesdedianiuiiu (Sample No. C5-1)
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0.016 mm. vy

0

0.016 mm.

Sample No. C6-1

Gelovitrinite display well
preserve cutinite with resinite.

Composition (%)
V =53%

L =38 %

1=0%

MM =9 %

Vitrinite consist of gelinite
and show cell lumens of tissue
with highly structure of
porigelinite (Gelovitrinite).
They display pale gray in PPL
and black in XPL.

Liptinite consist of cutinite
and resin. They display cuticle
ledges, high relief and pale
gray in PPL and black in XPL.
In UV excitation, they display
orange light line (cutin) with
ledges indicative of cutinite.
Resinite show bright yellow
with various sphere sizes,
droplet groups associated with
cutinite.

Mineral Matter consists
mainly of clay mineral filling
in voids. They display gray to
dark in PPL, white dots
dispersed in XPL and black
under UV excitation.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter
Cu = Cutinite, Re = Resinite, F = Fluorinite, Cl = Clay minerals

51 v-16 muldndesganssminuyFuasvesdodieaiuiiu (Sample No. C6-1)
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Sample No. C6-2

Gelovitrinite display well

preserve cutinite and show
cuticle ledges at a slightly

oblique angle cut.

Composition (%)
V=22%

L =68 %

1=0%

MM =10 %

Vitrinite consist of gelinite and
show cell lumens of tissue with
highly structure of porigelinite.
They display pale gray in PPL
and black in XPL and UV
excitation.

Liptinite consists of cutinite
and resin. They display cuticle
ledges, high relief and pale gray
in PPL and black in XPL. In
UV excitation, they display
orange light with bright field
illumination and appear dark in
the middle (cutin) with ledges
indicative of cutinite. Resinite
show bright yellow with various
sphere sizes. Fluorinite display
bright yellow to greenish yellow
droplet groups associated with
cutinite.

Mineral Matter consists
mainly of clay mineral filling in
voids. They display pale gray to
dark in PPL, white dots
dispersed in XPL and black
under UV excitation.

excitation

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV

V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter
Cu = Cutinite, Re = Resinite, F = Fluorinite, Cl = Clay minerals

31] N ¥-17 mw“lcsmam%amiﬁuuuﬂmmmmmasmmuwu (Sample No. C6-2)




206

Y v d Y oA
ﬂ'lwclﬂﬂa@@%ﬁﬂiiﬂu!!ﬂlﬂ‘lﬂ!ﬁﬂ ADHUY

Sy T T AR O P o

P T e AT i Sample No. 6-4

Telocolinite (gelinite
subgroup) show structure of
wood tissue.

Composition (%)
V =48 %
L=32%
1=0%

MM =20 %

Vitrinite show structure of
bark woods with gelovitrinite.
They display pale gray in PPL,
dark gray in XPL and black in
UV excitation.

Liptnite consist of sporinite
with liptodestrinite
(terpentinite) and display pale
gray in PPL, dark gray in XPL
and white yellow to yellow
under UV excitation. Sporinite
show white to dark yellow
with S-shape and telephone
shape.

Mineral matter consists of
clay mineral and display dark
gray in PPL, white in XPL and
black under UV ex.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter
Li = Liptodetrinite, S = Sporinite, C = Clay, Gel = Gelovitrinite

510 v-18 amldndesnanssmivunlFuasvesdiodisauiu (Sample No. C6-4)

Y
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Sample No. C8-1

Densinite show sapropelic coal
indicated by layers of

. | detrovitrinite and gelovitrinite.

Composition (%)
V =60 %

L =20 %

1=0%

MM =20 %

Vitrinite consist of gelinite with
wood structure of telinite and gel
cracking. Telo-gelinite display
pale gray with strongly reflect
layer in PPL and black in XPL and
UV ex.

Liptinite consist of liptodetrinite,
resinite, sporinite and cutinite.
They display dark gray to black in
PPL and XPL. Resinite show
colorless to light yellow in PPL,
white to orange in XPL, bright
yellow with sphere shape and
highly orange rim in UV
excitation. Sporinite show yellow
spore shape. Liptodetinite show
yellow to yellowish brown spots.
Cutinite show yellow line with
ledge structure.

Mineral Matters consists mostly
of clay minerals with silica. They
display pale gray to dark in PPL,
white dots spread in XPL and
black under UV excitation.

PPL = Plane Polarlzed Ilght XPL Cross Polarlzed light, UV ex = UV excitation
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter
Cu = Cutinite, Re = Resinite, S = Sporinite, Li = Liptodetinite

gﬂ # v-19 mmldndesgansseninunlFuasvosdioteauiu (Sample No. C8-1)
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Sample No. C8-2

Collotelinite, (gelinite subgroup)
show structure of wood tissue and
related with algae.

Composition (%)
V =50 %
L=40%
1=0%

MM =10 %

Vitrinite consist of tellinite
and show structure of bark
woods with essential oil. They
display pale gray in PPL, dark
gray in XPL and black in UV
excitation.

Liptnite consist of
liptodestrinite with sporinite
and cutinite. Most of
liptodestrinite are terpenite.
They display pale gray in PPL,
dark gray in XPL and pale
green to white yellow under
UV excitation. Sporinite show
white to dark yellow globule-
shape lined up with cutinite
line.

Mineral matter consists of
clay and display dark gray in
PPL, white in XPL and black
under UV ex.

PPL = Plane Polarlzed Ilght XPL = Cross Polarlzed light, UV ex = UV excitation
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter
= Liptodetrinite, Tep = Terpenite, S = Sporinite, C = Clay, Py = Pyrite

31] N ¥-20 mw“lﬁﬂamﬂamiﬁuuuulmmﬂlawnasmmuwu (Sample No. C8-2)
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Telovitrinite consist mainly
of cell ulmin in coal.

Composition (%)
V=97%
L=0%

1=0%

MM =3 %

Vitrinite consist of ulminite
in telovitrinite subgroup.
They show structure of cell
walls (textinite)filled with
gelified material (ulminite).
They displayed pale gray in
PPL and black in XPL.

Mineral Matter consists of
clay minerals and pyrite
Wi % o | filling in dry ulminite voids.
0016 mm. | e B B | They show brownish yellow
RN ARl | to dark dots in PPL. In XPL
clay display yellow to
yellowish brown and pyrite
display bright yellow.

PPL = Plane Polarized light, XPL = Cross Polarized light
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter
T = Textinite Ul = Ulminite, Cl = Clay, Py = Pyrite

H 4 (Y [l 1 a
g_ﬂﬁ ¥-21 mw“lﬁhﬁ’mfg'mniiﬁmmu”l%'uawmmamqmuwu (Sample No. C9-1)
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Sample No. C9-2

Gelovitrinite of Texto-
ulminite consist mainly of
cell ulmin but highly
cracked due to high
moisture content in coal.

Composition (%)
V=92%
L=0%

1=0%

MM =8 %

Vitrinite consist of texto-
ulminite in gelovitrinite
subgroup. They show
structure of cell walls
(textinite) filled with
gelified material (ulminite).
They display pale gray in
PPL and black in XPL.

Mineral Matter consists of
sulfide mineral (Pyrite)
filling in rim of dry ulminite
voids. They show brownish
yellow to dark dots in PPL.
In XPL clay display yellow
to yellowish brown and
silica display white color.

PPL = Plane Polarized light, XPL = Cross Polarized light
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter

T = Textinite Ul = Ulminite, Py = Pyrite

51 v-22 nmldndesganssminuulfuasvesdedianiuiiu (Sample No. C9-2)
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_0016mm.__

Sample No.C10-1

Telinite associated with
sclerotinite show cracking
and siderite replacement.

Composition (%)
V=91%
L=0%

1=4%

MM =5 %

Vitrinite consists of telinite
derived from wood and
display pale gray in PPL and
black in XPL with gel
cracking.

Inertinite consists of
sclerotinite and display
exhibiting varying
reflectance with high relief
in PPL and black in XPL.

Mineral Matter consists of
siderite. They show sphere
shape with layer of radius
and display light brown and
colorless in PPL and white
yellow to yellowish brown
with oxidize layer in XPL.
The central radial is
indicated primary siderite
transformed to pyrite.

PPL = Plane Polarized light, XPL = Cross Polarized light
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter

Sc = Sclerotinite, Sid = Siderite, Tel = Telinite

51l v-23 i ldndesganssminuylFuasvesdaedisniuiiu (Sample No. C10-1)
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0.016 mm.

Sample No.C10-3

Telinite associated with
sclerotinite, show cracking
and siderite replacement.

Composition (%)
V =86 %
L=0%

1=1%

MM =13 %

Vitrinite consists of telinite
derived from wood. They
display pale gray in PPL and
black in XPL with gel
cracking.

Inertinite consists of
sclerotinite. They display
exhibiting varying
reflectance with high relief in
PPL and black in XPL.

Mineral Matter consists of
siderite. They show sphere
shape with layer of radius.
They display light brown and
colorless in PPL and white
yellow to yellowish brown
with oxidize layer in XPL.
The central radial is indicated
primary siderite transformed
to pyrite. Clay display gray to
dark gray in PPL, white dots
in XPL and filled in voids of
sclerotinite.

Sc = Sclerotinite, Sid = Siderite, Tel = Telinite

PPL = Plane Polarized light, XPL = Cross Polarized light
V = Vitrinite, L = Liptinite, I = Inertinite, MM = Mineral Matter

51 v-24 nmldndesganssminuu1Fuasvesdiedisauiiu (Sample No. C10-3)
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Sample No. C11-1

I Densinite (detrovitrinite
subgroup) consist of organic
= material and mineral matter
showing sapropelic deposited.

Composition (%)
V=67%
y L=21%
el 1=0%
S MM =12 %

| Vitrinite consists of gelinite.
They show pale gray in PPL
and black in XPL and UV
I excitation.
¢ Liptinite consists of cutinite,

sporinite and liptodetinite.
W They display dark gray in PPL
4 and dark brown to black in
XPL. Under UV excitation,
sporinite display light yellow
and small yellowish-brown
spots with various spore shape.
Cutinite display yellow to
yellowish brown line with
ledges shape. Liptodetinite
display yellow to dark orange
dots dispersed in gelinite.
Mineral Matter consists of
g clays and silica mineral with
some siderite. They show
white to pale gray in PPL. Clay
and silica display white sparse
droplets in XPL and greenish
black to black under UV ex.
=8 Siderite display pale gray in
PPL, bright yellow to yellow
orange in XPL with black
under UV ex.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter
Cl = Clays, Cu = Cutinite, S = Sporinite, Sid = Siderite

517 v-25 nmldndesganssmivuulfuasvesdiodiesauiu (Sample No. C11-1)

Y
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Sample No. C11-2

Gelovitrinite consist of organic
material and mineral matter
showing sapropelic deposited.

Composition (%)
V =56 %
L=20%

1=0%

MM =24 %

Vitrinite consists of gelinite.
They show pale gray in PPL and
black in XPL and UV
excitation.

Liptinite consists of cutinite,
sporinite and liptodetinite.
They display dark gray in PPL
and dark brown to black in
XPL. Under UV excitation,
sporinite display light yellow
and small yellowish-brown
spots with various spore shape.
Cutinite display yellow to
yellowish brown line with
ledges shape. Liptodetinite
display yellow to dark orange
dots dispersed in gelinite.

Mineral Matter consists of
clays and silica mineral with
siderite. They show white to
pale gray in PPL. Clay and
silica display white sparse
droplets in XPL and greenish
black to black under UV ex.
Siderite display pale gray in
PPL, bright yellow to yellow
orange in XPL with black under
UV ex.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
V = Vitrinite, L = Liptinite, I = Inertinite, MM = Mineral Matter
Cl = Clays, Cu = Cutinite, S = Sporinite, Sid = Siderite

1 v-26 nmldndesganssminun1Fuasvesdiedieauiiu (Sample No. C11-2)
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0.016 mm.

Sample No.C11-3

Telinite associated with
sclerotinite, show cracking
and siderite replacement.

Composition (%)
V=96 %
L=0%

1=0%

MM =4 %

Vitrinite consists of telinite
derived from wood. They
display pale gray in PPL and
black in XPL with gel
cracking.

Mineral Matter consists of
siderite. They show sphere
shape with layer of radius.
They display light brown
and colorless in PPL and
white yellow to yellowish
brown with oxidize layer in
XPL.

Sc = Sclerotinite, Sid = Siderite, Tel = Telinite

PPL = Plane Polarized light, XPL = Cross Polarized light
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter

51 w27 nmldndesgansseninuulduasvessiiedaniuiiu (Sample No. C11-3)
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Sample No. C11-6

Suberinite in liptinite group
with gelinite crack.

Composition (%)
V=44 %
L=42%

1=0%

MM =14 %

Vitrinite consists of texto-
ulminite and some gelinite.
They display pale gray in
PPL and black in XPL.

Liptinite consists mainly of
suberinite. They show
structure cell walls of cortex
are pale gray in PPL, black
in XPL and yellow under
UV excitation. Resinite
display pale gray with high
relief in PPL, black in XPL
and white bright to light
yellow in UV excitation.

Mineral Matter consists
mostly of clay and silica
deposited with gelinite.
They show pale gray to dark
spots in PPL and black in
UV excitation. In XPL, clay
display white spots and
silica display yellowish
green and brownish yellow
dots.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
V = Vitrinite, L = Liptinite, I = Inertinite, MM = Mineral Matter
Cl = Clay, Si = Silica, Su = Suberinite, Re = Resinite, Cg = Gel = Gelinite

31] # v-28 mwldndesgansseniuunlfuasvesdedraouiiu (Sample No. C11-6)
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0.016 mm.

Sample No. C12-1

Telovitrinite shows well
preserve wood cell in coal.

Composition (%)
V =94%
L=0%

1=0%

MM =6 %

Vitrinite consist of
telovitrinite subgroup. They
show structure of wood cell
walls. They display pale
gray in PPL and black in
XPL.

Mineral Matter consists
mostly of clay. They
display white spots and
yellowish green and
brownish yellow dots in
XPL.

PPL = Plane Polarized light, XPL = Cross Polarized light
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter

T = Textinite Ul = Ulminite, Cl = Clay, Si = Silica

4 o o 1 1 a
gﬂﬁ ¥v-29 mw“lsffﬂﬁ’magamiﬂmmu“l%'ummmmamqmuwu (Sample No. C12-1)
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0016 mm.

Sample No.C12-2

Gelovitrinite shows gelinite
with crack and layer of
mineral matter replacing in
coal.

Composition (%)
V=43%
L =0%
=0%
MM =57%

Vitrinite consists of
gelinite. They show gel
cracking and display
colorless in PPL and black
in XPL.

Mineral matter consists of
iron sulfide, group of
marcasite. Marcasite
display pale gray in PPL,
pale to dark gray and black
with radiation structure in
XPL. They show oxidation
rim, yellowish brown to
brow in PPL and white
yellow to brown in XPL.

PPL = Plane Polarized light, XPL = Cross Polarized light
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter
Gel = Gelinite, MM = Mineral Matter, Cl = Clay, Ma = Marcasite

gﬂ N ¥-30 ;n1w1@mami)a°niiﬁuLmuimmwmm@mamuwu (Sample No. C12-2)
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Sample No.C12-5

Gelovitrnite of fusinite
display preserved cell
structure, intercellular space

2] filled with mineral matter.

Composition (%)

= v =299

L=0%

1=0%

% MM =71 %

Vitrinite consists of gelinite

& with fusinite and show cell

deforms with cells empty
that are pyrofusinite. They

(g% display strong relief, pale

gray to dark gray in PPL and
black in XPL.

Mineral matter consists
mainly of siderite with a few
of clay minerals. Siderite
show sphere shape filled in
cell lumen empty. They
display light brown and pale
to dark gray in PPL and
yellow to yellowish brown
with radius oxidize in XPL.
The middle sphere displays
dark yellowish brown to
dark gray in XPL.

Clay displays dark gray to
black in PPL and white dots
filled in voids and crack.in
XPL

PPL = Plane Polarized light, XPL = Cross Polarized light
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter

Cl = Clay, Sid = Siderite

31] # v-31 mmldndesansseniuunlfuasvesdedraouiiu (Sample No. C12-5)
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ppL [Sample No.C12-7

.~ | Telinite associated with

sclerotinite show cracking
rS ‘ ' and siderite replacement.

Composition (%)
W V=T1%
N |[L=0%

L L 1=24%
W b MM =5 %

Vitrinite consist of telinite
derived from wood. They
display pale gray in PPL and
black in XPL with gel
cracking.

0.016 mm.

Inertinite made up of
sclerotinite, display
exhibiting varying
reflectance with high relief
| in PPL and black in XPL.

_0016mm.

Mineral Matter consists of
siderite and clay minerals.
Siderite show sphere shape
with layer of radius. They
display light brown and
colorless in PPL and white
yellow to yellowish brown
with oxidize layer in
XPL.The central radial is
indicated primary siderite
transformed to pyrite. Clay
display gray to dark gray in
PPL, white dots filled in
voids of sclerotinite.in XPL.

PPL = Plane Polarized light, XPL = Cross Polarized light
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter
Sc = Sclerotinite, Cl = Clay, Sid = Siderite

51 4-32 nmldndesganssminuulfuasvessiedraniuiu (Sample No. C12-7)
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PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter
Li = Liptodetrinite, Tep = Terpenite, S = Sporinite, Su = Suberinite

Sample No. C13-2

Collotelinite shows structure
of wood tissue and related
with suberinite.

Composition (%)
V =88 %
L=12%
1=0%

MM =0 %

Vitrinite consists of tellinite,
show structure of bark woods
with essential oil. They
display pale gray in PPL, dark
gray in XPL and black in UV
excitation.

Liptnite consists of
liptodestrinite and suberinite
with some sporinite. Most of
liptodestrinite and suberinite
are terpenite. They display
pale gray in PPL, dark gray in
XPL and white yellow to
yellow under UV excitation.
Sporinite show white to dark
yellow with S-shape and
telephone shape.

Y

517 v-33 amldndesanssmivuulfuasvesdiodienuiu (Sample No. C13-2)
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Telovitrinite show well
preserve wood cell in coal.

Composition (%)
V =96 %
L=0%

1=0%

MM =4 %

Vitrinite consists of
telovitrinite subgroup. They
show structure of wood cell
walls. They display pale
gray in PPL and black in
XPL.

Mineral Matters consists
mostly of clay and sulfide
mineral. They display white
spots and yellowish and

brownish yellow dots in
XPL.

PPL = Plane Polarized light, XPL = Cross Polarized light
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter
T = Textinite Ul = Ulminite, Cl = Clay, Sf = Sulfide mineral

51l v-34 nmldndesganssminuylduasvesdaedieniuiiu (Sample No. C13-3)
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Sample No. C13-5

Gelovitrinite consists
mainly of cell ulmin in coal.

Composition (%)
V=90 %

L=0%

= 0%

MM =10 %

Vitrinite consists of
ulminite in Gelovitrinite
subgroup. They show
structure of cell walls
(textinite)filled with
gelified material (ulminite).
They display pale gray in
PPL and black in XPL.

Mineral Matter consists of
siderite and clay minerals.
Siderite show sphere shape
with layer of radius, display
light brown and colorless in
PPL and white yellow to
yellowish brown with
oxidize layer in XPL.The
central radial is indicated
primary siderite transformed
to pyrite. Clay displays gray
to dark gray in PPL, white
dots in XPL and filled in
voids of ulminite

PPL = Plane Polarized light, XPL = Cross Polarized light
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter

T = Textinite Ul = Ulminite, Cl = Clay, Si = Siderite

51 4-35 nmldndesganssminuulfuasvessiiedaniuiu (Sample No. C13-5)
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Sample No. B15-4

| Telovitrinite shows

0.004 mm.

character of texto-ulminite in
corpocollinite at

perpendicular tree trunk.

V=96 %
L=0%
1=2%
MM =2 %

Vitrinite consists of
copocollinite. They display
bark and cork of wood
showing structure of cell

{ walls (textinite) filled by gel

(ulminite). Texto-ulminite
display dark brown in PPL

g for dry ulmin, pale gray in
§ PPL for textinite and black in

XPL.

Inertinite consists of
sclerotinite. They display
pale gray with highly relief
with sphere shape in PPL
and black in XPL.

Mineral Matter consists of
small amount clay minerals.
They display black in PPL
and white dots in XPL filling
in crack and sclerotinite
voids.

PPL = Plane Polarized light, XPL = Cross Polarized light
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter
Te = Textinite, Te-U = Texto-Ulminite, Sc = Sclerotinite, Cl = Clays

51 a-1 nmldndesgansseninuulduasvesdedraniuiu (Sample No. B15 — 4)
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| Sample No. B15-5

Telovitrinite shows
character of wood tissue

| with desiccation crack of gel

~ | in collotelinite of duet tissue

“| in the section cut parallel to

‘= | the tree trunk.

| Composition (%)

sV =93%

0.004 mm.

L=0%
1=0%
MM =7 %

Vitrinite consists of
collotelinite with ulminite.
They display structure of
wood tissue (telocollinite)
and filled with gelified
(Ulminite) in xylems duets.
They display colorless and

M pale gray to light brown in

PPL and black in XPL.

Mineral Matter consists of
clay minerals filled in crack.
They display black in PPL
and white dots in XPL. A
few of siderite display pale
gray with strongly relief in
PPL and white to light
yellow in XPL.

PPL = Plane Polarized light, XPL = Cross Polarized light
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter

Gel = Gelinite, Cl = Clay, Tec = Telocollinite, Ul =

Ulminite

51 -2 nmldndesganssmivuulfuasvessiiedianiuiiu (Sample No. B15 — 5)
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Sample No. B15-8

Telovitrinite shows
character of texto-ulminite
in corpocollinite.

Composition (%)
V=95%
L=0%

1=0%

MM =5 %

Vitrinite consists of
copocollinite. They display
bark and cork of wood
showing structure of cell
walls (textinite) filled by gel
(ulminite). Texto-ulminite
display dark brown in PPL
for dry ulmin, pale gray in
PPL for textinite and black
in XPL.

Inertinite consists of
sclerotinite. They display
pale gray with highly relief
with sphere shape in PPL
and black in XPL.

Mineral Matter consists of
small amount clay and
sulfide mineral. They
display black in PPL and
white dots in XPL filling in
crack and voids.

PPL = Plane Polarized light, XPL = Cross Polarized light
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter
Te = Textinite, Te-U = Texto-Ulminite, Sf = Sulfide mineral, Cl = Clays

51 a-3 s ldndesgansseaninuuluasvesdiodianiuiiu (Sample No. B15 — 8)
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0.004 mm. %

Sample No. B16-2

Telovitrinite shows
character of wood tissue
with desiccation crack of gel
in collotelinite of duet tissue
in the section cut parallel to
the tree trunk.

Composition (%)
V=97%
L=0%

1=0%

MM =3 %

Vitrinite consists of
collotelinite with ulminite.
They display structure of
wood tissue (telocollinite)
and filled with gelified
(Ulminite) in xylems duets.
They display colorless and
pale gray to light brown in
PPL and black in XPL.

Mineral Matter consists of
clay minerals filled in crack.
They display black in PPL
and white dots in XPL.

PPL = Plane Polarized light, XPL = Cross Polarized light
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter
Gel = Gelinite, Cl = Clay, Tec = Telocollinite, Ul = Ulminite

51 a-4 nwldndesgansseninuulduasvesdiodianiuiu (Sample No. B16 — 2)
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Sample No. B16-4

Telovitrinite shows
character of texto-ulminite
in corpocollinite in the
section cut perpendicular to
the tree trunk.

Composition (%)
V=95%
L=0%

1=0%

MM =5 %

Vitrinite consists of
copocollinite. They display
bark and cork of wood
showing structure of cell
walls (textinite) filled by gel
(ulminite). They display
dark brown in PPL for dry

7 ulmin, pale gray in PPL for

o T 0 e | | textinite and black in XPL.
Mineral Matter consists of
small amount clay minerals.
They display black in PPL

and white dots in XPL
filling in voids.

PPL = Plane Polarized light, XPL = Cross Polarized light
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter
Te = Textinite, Te-U = Texto-Ulminite, Cl = Clays

517 a-5 mmidndessanssminuulfuasvesdaeganiuiiu (Sample No. B16 — 4)

UG




234

e

J"; ”

T

o a
A1dHUIE

Y Y d Y
mwldndesganssanuuulinas

Sample No. B17-2

Gelovitrinite shows the
accumulation of organic matter.

Composition (%)
V=35%
L=26%
1=0%

MM =93 %

Vitrinite consists of densinite,
several of organic matter and
gelinite cements. They display
pale gray in PPL with high
relief, dark gray to black in
XPL and black in UV
excitation.

Liptinite consists mainly of
liptodetrinite, sporinite, cutinite
remain and resinites. They
display pale gray in PPL and
white to light yellow in XPL.
Under UV excitation,
Liptodetrinite displayed dark
yellow to orange spots, various
sizes without shape. Resinite
display as bright yellow of big
spots with sphere shape.

Mineral matter consists
mainly of clay and silica
minerals. They display dark in
PPL with white dots in XPL
and black under UV ex. The
orange crystal in XPL and dark
brown to black in UV ex could
be siderite.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter
Re = Resinite, S = Sporinite, C = Clay, Sid = Siderite, Cu = Cultinite, Li =

Liptodestrinite

Y

517 a-6 nmidndesganssminuulfuasvesdaodianiuiiu (Sample No. B17 - 2)
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Cannel coal (Sapropelic coal)
show layer of sporinite various
sized and s-shape.

Composition (%)
=3 \/ =65 %

SR L =24%
1=0%

S MM =11%

& Vitrinite consists of gelinite.
They display pale gray to dark
gray in PPL and black in XPL.

Liptinite consists mainly of
sporinite with some of

| liptodetrinite. Sporinite

8| display dark gray with highly
relief in in PPL, black and
white yellow in XPL. Under
UV excitation they show lined
up in layers of spore deposited.
They display sized of bright
yellow spots with sphere shape
and yellow to dark brown with
s-shape. Liptodetrinite display
as small dark yellow spots.

Mineral Matter consists of
clay. They display as a few of
very small spots, white and

8 yellow in XPL and black in
PPL and UV excitation.
Siderite display yellowish pale
gray in PPL and white to dark
l yellow radial in XPL, and dark
brown to black in UV
excitation.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter
S = Sporinite, Li = Liptodestinite, Cl = Clay, Si = Siderite

31] ﬂ-7mw“lmﬂam%amiﬁuuuulﬂmmﬂummamqmu'ﬁu (Sample No. B17 - 4)
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=% Densinite shows sapropelic
| deposit with diatom.

| Vitrinite consists of very fine-
grained of organic sediment.

4 They are densinite cemented
by gelovitrinite. They display
white to pale gray in PPL and
black in XPL.

__ 4 Liptinite consists mainly of

4 liptodetrinite and sporinite.
They display pale gray to dark
gray in PPL and black in XPL.
Under UV excitation,
liptodetrinite display as yellow
to dark yellow spots without

v Y o shape. Sporinite display as
7‘ b~ S -u § bright yellow to brownish
B-'s & | yellow dots with various sized
- t‘! & . L and spore shape.
g 8 - . p -

. > o~

Mineral Matter consists
mainly of diatomite with few
of pyrite. Diatomite displays as
3 fine-grained structure (cloudy
structure). They display white
N to pale gray in PPL, bright
white in XPL and white yellow
g to greenish yellow in UV ex.
Pyrite display light yellow in
PPL, brown in XPL and dark
brown to black in UV
excitation.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter
Di=diatomite, S=Spore, Re = Resinite, Li = Liptodestrinite

1/ a-8 nmldndosganssmivuulfuasvessiiedaniuiiu (Sample No. B17 — 8)
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0.016 mm.

Sample No. B17-11
Corpogelinite

Composition (%)
V =50%
L=42%
1=0%

MM =8 %

Vitrinite consists of
gelovitrinite subgroup. They
show corpogelinite of wood
tissue. They display colorless
to pale in PPL and black in
XPL.

Liptinite consists mainly of
cutinite and sporinite. They
display dark gray with highly
relief in in PPL and black and
white yellow in XPL.

Under UV excitation, cutinite
and sporinite display as orderly
white yellow to yellowish
brown spots and various sizes
of spore shape.

Mineral Matter consists of
clay. They display as a few of
very small spots, white and
yellow in XPL and black in
PPL and UV excitation.
Siderite display yellowish pale
gray in PPL, white to dark
yellow radial in XPL and dark
brown to black in UV
excitation.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation, V =
Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter

Cl = Clay, Cu = Cutinite, Re = Resinite Si = Siderite

! J o T 1 a
517 a-9 nmldndesganssminnuldudivesdiodiesauiu (Sample No. B17 - 11)
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Ay *"“'-";f'."‘i’"'-;%""' Sample No. B17-12

Cannel coal shows
sapropelic deposit of
gelovitrinite with sporinite.

Composition (%)
V=87%
L=13%
1=0%

MM =0 %

Vitrinite consists of gelinite.
They display colorless to
pale in PPL and black in
XPL.

Liptinite consists mainly of
sporinite with some of
liptodetrinite. They display
dark gray with highly relief
in in PPL and black and
white yellow in XPL.Under
UV excitation, sporinite
display as white yellow to
yellowish brown spots and
various sizes of spore shape.
Liptodetrinite display as dark
yellow spots.

Mineral Matter consists of
clay. They display as a few
of very small spots, white
and yellow in XPL and black

0.016 mm. . ':;' 4 in PPL and UV excitation.
— —

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter
S = Sporinite, Cl = Clay

514 a-10 i ldndesganssminuulFuasvesdedieaiuiin (Sample No. B17 — 12)
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Sample No. B17-14

Texto-ulminite consists
mainly of well preserve cell
walls and cell ulmin but
highly cracked due to high
moisture content in coal.

Composition (%)
V=96 %
L=0%

1=0%

MM =4 9%

Vitrinite consists of texto-
ulminite in telovitrinite
subgroup. They show
structure of cell walls
(textinite)filled with
gelified material (ulminite).

Texto-ulminite display pale
gray in PPL and black in
XPL.

Mineral Matter consists of
clay minerals and silica
filling in dry ulminite voids.
They display as brownish
yellow to dark dots in PPL.
In XPL clay display
greenish yellow and silica
display pale green color.

PPL = Plane Polarized light, XPL = Cross Polarized light
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter
T = Textinite Ul = Ulminite, Cl = Clay, Si = Silica

510 a-11 amldndesanssminunlFuasvosdiodeauiu (Sample No. B17 — 14)

Y
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Sample No. B18 - 2

Densinite shows sapropelic
deposit with liptinite
cemented by gelovitrinite.

Composition (%)
V =69 %
L=31%
1=0%

Vitrinite consists of
gelovitrinite. They display
pale gray in PPL and dark
gray to black in XPL and
UV excitation.

Liptinite consists mainly of
liptodetrinite and sporinite.
They display pale gray with
highly relief in PPL and
dark gray to black in
XPL.Under UV excitation,
liptodetrinite display as
group of yellow to dark
yellow without shape.
Sporinite displays as bright
yellow to yellow dots,
various sized and spore
shape.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV
excitation
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter

1 a-12 nmidndesganssminuulfuasvesdedraniuiu (Sample No. B18 —2)
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Sample No. B18-4

Gelovitrinite shows parts of
wood tissue in gelovitrinite

Composition (%)
V=94%
L=0%

1=0%

MM =6 %

Vitrinite consists of
telocollinite remains with
gelified cement. They
display colorless and pale
gray to light brown in PPL
and black in XPL.

Mineral Matter consists of
clay minerals. They display
as black in PPL and white
dots in XPL.

PPL = Plane Polarized light, XPL = Cross Polarized light
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter
Gel = Gelinite, Cl = Clay, Tel = Telocollinite,

510 a-13 nmldndesganssminuulduasvesiiedianiuiiu (Sample No. B18 — 4)
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0.016 mm.

Sample No. Al-1

Telovitrinite in the section cut
cross bedding shows structure
of wood tissue.

Composition (%)
V =59 %

1L=37%

1=0%

MM =4 %

Vitrinite shows difference in
reflectance of textinite and
ulminite cemented by gelinite.
Ulminite are body of cell filling
in clay. They display pale gray
in PPL and black in XPL.

Liptnite displays bright gray in
PPL and dark in XPL.

Under UV excitation resinite
display light yellow spots and
liptodestrinite display yellow
without shape. The yellow line
are cutinite with fluorinite.

Mineral matter consists of

N clay and siliceous minerals.

They display dark color in PPL,

| white dots in XPL and black
" under UV ex.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
Li = Liptodestrinite, Rai = Rei, Reinschia = Resinite, S = Sporinite, C = Clay

6’ % 1 1 =)
517 o1 nmldndesganssminvulduaavesdiodiesauiu (Sample No. Al - 1)
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| Sample No. Al-5

Gelovitrinite shows well
| preserve plant tissues.

= Composition (%)

V=56%
L=34
1=0%

| MM =10 %

Vitrinite consists of
gelovitrinite. They show
structure of cell walls
(textinite and ulminite)
transforming to gelinite.
They display colorless to pale
gray in PPL, dark gray in
XPL and black under UV ex.

Liptinite consists mainly of
cutinite, fluorinate, resinite
and some sporinite. Cutinite
display very high relief in
PPL, black line in XPL and
line of yellowish brown to
dark brown with v-shape and
ledge shape under UV ex.
Fluorinite display as pale gray
to dark gray with high relief
in PPL, and bright yellow
dots in row near cutinite
under UV excitation. Resinite
display as yellowish-brown

d filling in voids of wood

tissues.

Mineral Matter consists of
clay and silica.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
Li = Liptodestrinite, Rai = Rei, Reinschia = Resinite,

S = Sporinite, C = Clay

4 o @ [] U a
gﬂﬁ 32 mwiﬁha”ma;amSﬁmmui%’umﬂmmamqmuwu (Sample No. A1 -
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| ppL || Sample No. A1-7
! ' ™ I llil
. 2 ' Porlgellnlte shows well
preserve plant tissues.

Vitrinite consists of
gelovitrinite. They show
plant remains (bark)
transforming to gelinite
(Porigelinite). They display
colorless to pale gray in
PPL, dark gray in XPL and
black under UV ex.

Liptinite consists mainly of
cutinite, fluorinate and
suberinite (terpenite).
Cutinite display as very high
relief in PPL, black line in
XPL and line of yellowish
brown to dark brown with v-
shape and ledge shape under
UV ex. Fluorinite displays as
pale gray to dark gray with
high relief in PPL, yellowish
brown to dark gray in XPL
and group of bright yellow
dots in row near cutinite
under UV excitation.
Suberinite displays as
yellowish-brown filling in
voids of wood tissues.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
= Liptodestrinite, Rai = Rei, Reinschia = Resinite, S = Sporinite, C = Clay

31] N33 mwimami}amsﬁmmu%umﬂlmmaﬂwmuwu (Sample No. A1 -7)
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| Sample No. A2-3

"“- Porigelinite shows well
1 preserve plant tissues.

" | Composition (%)
| V=TT%

| L=23%
11=0%
MM =0 %

| Vitrinite consist of
gelovitrinite. They show
plant remains (bark)
transforming to gelinite
(Porigelinite). They display
colorless to pale gray in
PPL, dark gray in XPL and
black under UV ex.

Liptinite consist mainly of
S8 fluorinate, sporinite and

y liptodestrinite. Fluorinite

® displays pale gray to dark
gray with high relief in PPL,
yellowish brown to dark
gray in XPL. Sporinite
displays as bright yellow to
yellow dots, various sized
and spore shape.

0.016 mm. £ &

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
Li = Liptodestrinite, Rai = Rei, Reinschia = Resinite, S = Sporinite, C = Clay

Y o J ] 1 a
5171 9-4 nmidndesqanssmivuulduasvesdredieniuiiu (Sample No. A2 - 3)
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N e S R e Sample No. A2-4
: ¥ : = Corpogelinite shows gel of
%1 xylems and wood tissues in
the section of parallel cut.

Composition (%)
V=91%
L=7%

1=0%

MM =2 %

| Vitrinite consists mainly of
gelinite. They show wood
tissue and xylems decay
transforming to gelinite.
They display pale gray and
highly relief in PPL and
dark gray to black in XPL
and black in UV ex.
Liptnite consists mainly of
liptodetrinite with
Exsudatinite (terpenite).
They display dark gray in
PPL, dark gray to black in
XPL. Under UV excitation
Liptodetrinite displays as
dark yellow to brown dots

{ without shape. Terpenite
displays as white yellow to
yellow filled in voids of dry
gel and wood tissue.
Mineral matter consists of
clay and pyrite. Clay display
as white to yellow dots in
XPL. Pyrite displays as
sphere body (framboidal
pyrite) filled in voids, white
to pale gray in PPL, bright
white in XPL and black in
UV ex.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter
Li = Liptodestrinite, Ex = Exsudatinite, Py = Pyrite, C = Clay

51 95 nldndesgansseninuulFuasvesiiodaniuiiu (Sample No. A2 — 4)
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"l a’ ’
,,, .» % s ) ".«E- Sample No. A2-5
f !

7
N

M #ney Gelovitrinite
" ': 3 Ni! (boghead coal)

| .;4 4 Composition (%)
58 r-; V =28%
s e g ) L =69%

|-0%
I MM =3%

Vitrinite consists mainly of
gelovitrinite. They display
as layer of dark gray to
black in PPL and black in
XPL.

Liptinite consists mainly of
248luorina. Alginite display
as small dots of yellow in

| XPL and yellowish brown in
UV excitation. Telaginite
displays as bright white to

~ yellow thick line and sphere
shape (botryococcus sp.).
Lamalginite displays as
yellowish-brown dots and
short lines. Some
yellowish-brown dots are
sporinite and liptodetrinite.

Mineral matter displays in
various sizes, sub-round to
round grain. They display
pale gray to black in PPL

» , and white to light yellow
— b7 and pale gray in XPL.

The silica crystal display as

big pale gray sphere in PPL
and bright white in XPL.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter
= Liptodestrinite, A-Te = Telalginite, A-La = Lamaginite, = Pyrite, C = Clay

517 3-6 nmidndesganssminuulfuasvesdaosenuiu (Sample No. A2 -5)
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Sample No. A2-6

Porigelinite shows well
preserve plant tissues.

* Composition (%)

S V=T0%

L=29%
1=0%

! MM = 1%

~ Vitrinite consists of gelovitrinite.

They show plant remains (bark)
transforming to gelinite

8 (Porigelinite). They display

colorless to pale gray in PPL, dark
gray in XPL and black under UV
ex

Liptinite consists mainly of
alginate. Alginite display as

® small dots of yellow in XPL and

yellowish brown in UV
excitation. Telaginite displays as
bright white to yellow thick line
and sphere shape (botryococcus
sp.). Lamalginite display as
yellowish-brown dots and short
lines. Some yellowish-brown
dots are sporinite and

o liptodetrinite.

Mineral matter displays in

M various sizes sub-round to round

0.016 mm.

grain. They display pale gray to
black in PPL and white to light
yellow and pale gray in XPL.
Under UV excitation, the black
sphere dots are framboidal pyrite.

PPL = Plane Polarizedlight, XPL = Cross Polarized light, UV ex = UV excitation
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter
Li = Liptodestrinite, A-Te = Telaginite, A-La = Lamalginite, Py = Pyrite, C = Clay

Y

510 -7 amidndesganssmivuulfuasvesdaoseniuiu (Sample No. A2 — 6)
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0.016 mm. o "

Sample No. A2-8

Porigelinite show well

| preserve plant tissues.

Vitrinite consists of
gelovitrinite. They show
plant remains (textinite)
transforming to gelinite
(Porigelinite). They display
colorless to pale gray in
PPL, dark gray in XPL and
black under UV ex.

Liptinite consists mainly of
cutinite and 250luorinate.

g Cutinite display as very high
A relief in PPL, black line in
« XPL and line of yellowish

brown to dark brown with v-
shape and ledge shape under
UV ex. Fluorinite display as
group of bright yellow to

& pale green dots in row.

Mineral Matter

The silica crystal displays as
big pale gray sphere in PPL
and bright white in XPL.

PPL = Plane Polarized Iiht, XPL = Cross Polarized light, UV ex = UV
excitation, Cu = Cutinite, Tep = Terpenite, = FI = Fluorinite, Cl = Clay, Py =
Pyrite, V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter

Y J @ 1 J a
5171 o-8 nmnmIdndosgansseninuy lduasvesdiodiaaiuiu (Sample No. A2 -8)
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e Sample No. A3-1

.| Telovitrinite shows
| structure of wood associated
~ | with crack.

| Composition (%)
. T IV=98%

% [L=0%

| 1=0%

I MM=2%

0.016 mm.

Vitrinite consists of telinite,
display texture of wood
tissue. They display pale
gray in PPL and black in
XPL.

Mineral matter consists of
pyrite display as sphere
body (framboidal pyrite)
filled in voids, white to pale
gray in PPL, bright white in

N B

0016 mm. |

b

PPL = Plane Polarized Iiht, P: ross Polarie light, UV ex = UV
excitation
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter

Tel = Telovitrinite, Te = Telinite, Ul = Ulminite, Cl = Clay, Py = Pyrite

51 99 mmldndosqansseniuunlduasvosiaodianuiiu (Sample No. A3 — 1)
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1 Sample No. A5-3

Gelovitrinite shows ulmin
| gel of wood xylem.

i 2% e s

e C R

DS R e NN
%{ " ‘ "3"14 17,‘3"_'":"“.{:‘ ‘*—:J Composition (%)
0 il Telo-gelinite e eV =62%
e i | L=25%
aie g “ [ 1=0%
e T S o ek -~ [MM=13%
0016 mm. Vitrinite consists of gelinite

with wood structure of
telinite and gel cracking.
Telo-gelinite display as pale
gray with strongly reflect
layer in PPL and black in
XPL and UV ex. They
display black in XPL.

Liptinite consists of resinite,
sporinite and cutinite. They
display dark gray to black in
PPL and XPL. Resinite
display colorless to light

i yellow in PPL, white to
orange in XPL, bright yellow
B with sphere shape and highly
| orange rim in UV excitation.
Sporinite display as yellow
spore shape. Cutinite displays
as yellow line with ledge
structure.

Mineral Matter consists
mostly of clay minerals with
silica. They display as pale
gray to dark in PPL, white
dots spread in XPL and black
under UV excitation.

0.016 mm.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter
Cu = Cutinite, Re = Resinite, S = Sporinite, Li = Liptodetinite

51 9-10 nmldndesganssminuulfuasvesdedianuiiu (Sample No. A5 — 3)
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(;, - K\“K - i | '. H}ﬂ?&z Sample No. A5-4
o A R L T N 17 A A o . .
* \ﬂ% P . %+ 1| Telinite consists mainly of
SO ¥ . (,) well preserve wood tissue.
£ (4 Tel G ‘Q Composition (%)
S I L V=100%
3 A 1=0%
' MM =0%
0016 mm. o . -
—— Vitrinite consists of telinite

0.016 mm.

or textinite in telovitrinite.
They show structure of
wood cell walls. They
display pale gray in PPL and
black in XPL.

Mineral Matter consists of
pyrite replacing in telinite.
They display as orange dots
in XPL.

PPL = Plane Polarized light, XPL = Cross Polarized light
V = Vitrinite, L = Liptinite, I = Inertinite, MM = Mineral Matter

Tel = Telinite, Cl = Clay, Py = Pyrite

510 e-11 nldndesgansseninuylFuasvesdiedianiuiiu (Sample No. A5 — 4)
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" i e - Y ITA

\~ \-v ALY g 7 s :_-:'.-,’,;i"."\"'. Gelovitrinite shows dry
' N 4% ulmin with liptinite in void.

~_| Composition (%)
I V=67%
L=33%
1=0%

MM =0 %

Vitrinite consists of
detrovitrinite and
gelovitrinite. They display
pale gray in PPL and dark
‘8 gray to black in XPL and
UV excitation.

Liptinite consists mainly of
A liptodetrinite and sporinite.
They display pale gray with
highly relief in PPL and

g dark gray to black in

" XPL.Under UV excitation,

| liptodetrinite displays as

¥ group of yellow to dark

| yellow without shape.
Sporinite display as bright
yellow to yellow dots,
various sized and spore
shape.

0.016 mm. . -

PPL = Plane Polarized ight, XPL = Cross Polarized light, UV ex = UV
excitation
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter

51 12 mmmldndesganssminuulFuasvesdedisaiuiiu (Sample No. A52 — 5)
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| Sample No. A5-6

| Telinite shows cracking and
.| siderite replacement.

.| Composition (%)
1V=95%
L=0%

1=0%

| MM =50

Vitrinite consists of telinite
derived from wood. They
display pale gray in PPL and
black in XPL with gel
cracking.

Mineral Matter consists
mainly of siderite. They
display as sphere shape with
E ) layer of radius, light brown
v WL, e e 1 =% and colorless in PPL and

4 W & | white yellow to yellowish
Bl B B Y AR S8 brown with oxidize layer in
' x XPL. The central radial is
indicated primary siderite
transformed to pyrite.

PPL = Plane Polarized light, XPL = Cross Polarized light
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter
Sid = Siderite, Tel = Telinite

51 9-13 nmIdndesganssminuy1Fuasvesdedieaiuiin (Sample No. A5 — 6)
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Sample No. A6-1

Gelovitrinite shows the
accumulation of organic
matter.

Composition (%)
iV =46%
L=48%
5 1=0%
MM =6 %

densinite, several of organic
matter and gelinite cements.
They show pale gray in PPL
with high relief, dark gray to
! black in XPL and black in
UV excitation.

: Liptinite consists mainly of
g% liptodetrinite with some
SalF alginate. They show pale
@ gray in PPL and white to
light yellow in XPL. Under
UV excitation, Liptodetrinite
display dark yellow to
orange without shape.
. : : M Mineral matter consists
3 X Qs (e TN W8 mainly of clay and silica
. '. 1 minerals. They display as

dark in PPL with white dots
in XPL and black under UV
ex.

.

.

»
-

v . TR pa®
0016 mm. : ’ /)

-

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV
excitation

V = Vitrinite, L = Liptinite, I = Inertinite, MM = Mineral Matter

A-Te = Telalginite, C = Clay, Li = Liptodestrinite

51 914 nmldndesgansseninuuluasvesiiodianiuiiu (Sample No. A6 — 1)
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0.016 mm.

o

.‘:. .

0.016 mm. [ J

excitation

| Sample No. A6-2

Telovitrinite

S Composition (%)

V=61%

|L=19%

1=0%

| MM =20 %

| Vitrinite consists of telinite

and gelinite. They display
pale gray to dark gray in
PPL and black in XPL.

Liptinite consists mainly of
liptodetrinite and suberinite.
They display dark gray with
highly relief in in PPL,
black and white yellow in
XPL.

Under UV excitation,
suberinite displays as yellow

B sphere, deposited in dry

ulmin and liptodestrinite
display as yellow to dark
brown without shape.

Mineral Matter consists
mainly of clay. They
display as a few of very
small spots, white and
yellow in XPL and black in
PPL and UV excitation.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV

V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter
S = Sporinite, Li = Liptodestinite, Cl = Clay, Si = Siderite

51 9-15 nmidndesganssminuulfuasvesdedianuiiu (Sample No. A6 —2)
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X | Sample No. A7-2

{38 Telovitrinite shows

i character of wood tissue
with desiccation crack of gel
in collotelinite of duet tissue
in the section cut parallel to
the tree trunk.

~ | Composition (%)
SV =98%
L=0%

1=0%

MM =2 %

Vitrinite consists of
collotelinite with ulminite.
They show structure of
wood tissue (telocollinite)
and filled with gelified
(Ulminite) in xylems duets.
They display colorless and
pale gray to light brown in
PPL and black in XPL.

Mineral Matter consists
mainly of clay minerals
filled in crack. They display
as black in PPL and white
dots in XPL.

PPL = Plane Polarized light, XPL = Cross Polarized light
V = Vitrinite, L = Liptinite, I = Inertinite, MM = Mineral Matter
Gel = Gelinite, Cl = Clay, Tec = Telocollinite, Ul = Ulminite

4 o @ 1 1 Aa
519 9-16 mwiﬁhﬁ’amamssﬂmmu“l%’uﬁwmmamqmuwu (Sample No. A7 - 2)

U
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Sample No. A7-4

Telovitrinite shows
character of corpocollinite
in the section cut
| perpendicular to tree trunk.

. Composition (%)
V=94%
L=0%
1=0%
| MM =6 %

Vitrinite consists mainly of
copocollinite. They display
bark and cork of wood
showing structure of cell
walls (textinite) filled by gel
(ulminite). Ulminite (dry)
display dark brown in PPL
7 and textinite display pale
R ‘ gray in PPL and black in

' XPL.
-
" Mineral Matter consists of
small amount clay and
sulfide minerals. They
display as black in PPL and
white dots in XPL filled in
voids.

PPL = Plane Polarized light, XPL = Cross Polarized light
V = Vitrinite, L = Liptinite, I = Inertinite, MM = Mineral Matter
Te = Textinite, Te-U = Texto-Ulminite, Cl = Clays

517 917 amldndesganssmnivunlFuasvosdiodeauiiu (Sample No. A7 — 4)

UG
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BN NV P RER AT Sample No. A7-5

| Corpogelinite shows gel of
| wood tissues in the parallel
+| cut section.

Composition (%)
| V=288%

o L=7%

L 1=0%

| MM =5%

Vitrinite consists mainly of
gelinite. They show wood
tissue transforming to
gelinite. They display pale
gray and highly relief in
PPL, dark gray to black in
XPL and black in UV ex.

Liptnite consists mainly of
exsudatinite. They display
dark gray in PPL, black in

# XPL. Under UV excitation
exsudatinite display as dark
yellow to greenish yellow
filled in voids of dry gel and
wood tissue.

Mineral matter consists of
clay and pyrite. Clays
display as white to yellow
dots in XPL.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV
excitation

V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter

Ex = Exsudatinite, Py = Pyrite, C = Clay

51l 9-18 mmldndesganssminuulFuasvesdedisaiuiiu (Sample No. A7 — 5)
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- R B A “—l PPL I Sample No. A9-1
( SaRg Y ’;\» ot ¢ - ot Porigelinite shows well
. id '-; ) \ preserve plant tissues.
DAl |y (KRR RAEE )
. N . . 8| Composition (%)
- f N "2 0’. 'j 8 V=58%
& |  dLl=2%
e (TR e TR,

) - n S MM =0 %

‘| Vitrinite consists mainly of
| gelovitrinite. They show
plant remain (textinite)
transforming to gelinite
(Porigelinite). They display
colorless to pale gray in
PPL, dark gray in XPL and
black under UV ex.

Liptinite consists mainly of
cutinite, fluorinite and

§ sporinite. Cutinite display as
very high relief in PPL,
black line in XPL and line of
yellowish brown to dark
brown with v-shape and
ledge shape under UV ex.
Fluorinite display as group
of bright yellow to pale
green dots in row near
cutinite. Sporinite display as
white to dark yellow with S-
shape and telephone shape.

PPL = Plane Polarlzed I|ght XPL = Cross Polarized light, UV ex = UV
excitation, Cu = Cutinite, Tep = Terpenite, = Fl = Fluorinite, Cl = Clay, Py =
Pyrite, V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter

51 919 nmidndesganssminuulfuasvesdedianiuiiu (Sample No. A9 — 1)
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| ppL || Sample No. A9-3

Collotelinite shows structure
of wood tissue.

‘ c ‘,*'r Composition (%)

e T y ,-~‘:_?%_V:82%

B ; ‘ ' T S sl | =18 %
AL T s

SR MM =0 %

_| Vitrinite consists of telinite.
They show structure of bark
woods with essential oil.

They display pale gray in PPL,
dark gray in XPL and black in
UV excitation.

Liptnite consists of sporinite
and fluorinite. Sporinite
display as white to dark
yellow with S-shape and
telephone shape. Fluorinate
display as group of bright
yellow dots filled in dry ulmin
in UV excitation.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter
Li = Liptodetrinite, Tep = Terpenite, S = Sporinite, Fl - Fluorinite

51 920 nmldndesgansseninuulFuasvesiiodaniuiiu (Sample No. A9 — 3)
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Sample No. A9-6

\| Porigelinite shows well
|| preserve plant tissues with
alginite (boghead coal)

.| Composition (%)
o V=50%

| L=50%
I=0%

MM =0 %

Vitrinite consists of
gelovitrinite. They show plant
remains (bark) transforming to
gelinite (Porigelinite). They
display colorless to pale gray
in PPL, dark gray in XPL and
black under UV ex

Liptinite consists mainly of
alginite. Alginite display as
small dots of yellow in XPL

Y and yellowish brown in UV

| excitation. Telaginite display
! as bright white to yellow thick
s line and sphere shape

% (botryococcus sp.).

&2 Lamalginite displays as

= yellowish-brown dots and
short lines. Some yellowish-
brown dots are sporinite and
liptodetrinite.

- SR ™ - .
-

PPL = Plane Polarizd light, XPL = Cross Polarized light, UV ex = UV excitation
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter
Li = Liptodestrinite, A-Te = Telaginite, A-La = Lamalginite, = Pyrite, C = Clay

517 921 amldndesganssnivuulFuasvosiiodisauiiu (Sample No. A9 — 6)

Y
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Sample No. A9-9

Porigelinite shows well
preserve plant tissues with
+.| alginite (boghead coal)

Composition (%)
V=54%

L =46 %
1=0%

MM =0 %

Vitrinite consists mainly of

8 gelovitrinite. They show plant

remains (bark) transforming to
gelinite (Porigelinite). They
display colorless to pale gray
in PPL, dark gray in XPL and

¢ black under UV ex

Liptinite consists of alginite.
Alginite display as small dots
of yellow in XPL and
yellowish brown in UV
excitation for alginite.
Telaginite displays as bright
white to yellow thick line and
sphere shape (botryococcus

# sp.). Lamalginite displays as

yellowish-brown dots and
short lines. Some yellowish-
brown dots are sporinite and

liptodetrinite.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV

excitation

V = Vitrinite, L = Liptinite, I = Inertinite, MM = Mineral Matter
= Liptodestrinite, A-Te = Telaginite, A-La = Lamalginite, = Pyrite, C = Clay

ﬂﬁ 322 m‘w‘lmam%amiﬂmmu%ummmmemqmuwu (Sample No. A9 - 9)
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0.016 mm.

Sample No. A9-11

Gelovitrinite in the section cut
cross bedding show liptinite in
gel.

‘| Composition (%)

V=74%
L=20%
1=0%

MM =6 %

Vitrinite shows difference in
reflectance of gelinite. They

o show body of gel filled by
i plant remain. They display

pale gray in PPL and black in
XPL.

Liptnite consists of fluorinite,
cutinite sporinite and
liptodestrinite. They display
bright gray in PPL and dark in

4 XPL.

Under UV excitation,
fluorinate display as light-
yellow spots and liptodestrinite
displays as yellow without
shape. QOrange line is the
cutinite with fluorinite.

Mineral matter consists of
clays and siliceous minerals.
They display dark color in
PPL, white dots in XPL and
black under UV ex.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
Li = Liptodestrinite, FI = Fluorinite, Cu = Cutinite, S = Sporinite, C = Clay

51 923 nmldndesganssminuulFuasvesdedieaiuiiu (Sample No. A9 — 11)
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Sample No. A9-13

Gelovitrinite in the section cut
cross bedding show structure
of liptinite in gel.

Composition (%)
V =59 %
L=31%

o 1=0%
MM =10%

Vitrinite show difference in
reflectance of gelinite. They
show body of gel filled by
plant remain. They display
pale gray in PPL and black in

| XPL.

Liptnite consists of fluorinate,
cutinite sporinite and
liptodestrinite. They display
bright gray in PPL and dark in
XPL.

Under UV excitation fluorinite
display as light-yellow spots
and liptodestrinite display as
yellow without shape. Orange
line is the cutinite with
fluorinite.

Mineral matter consists of
clays and siliceous minerals.
They display as dark color in
PPL, white dots in XPL and
black under UV ex.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
Li = Liptodestrinite, FI = Fluorinite, Cu = Cutinite,

S = Sporinite, C = Clay

51 924 nmmldndesganssminuulFuasvesdedisaiuiiu (Sample No. A9 — 13)
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Sample No. A10 -1

Textinite of telovitrinite
show weakly structure of
wood, perpendicular crack of
gel and sclerotinite.

Composition (%)
V=90 %
L=0%

1 =7%

o MM =3%

Vitrinite consists of telinite,
display texture of wood
tissue (Textinite) cemented
by gelinite. They display
pale gray in PPL and black in
XPL.

| Inertinite consists mainly of
sclerotinite and display as
group of spherical shape with
high relief of fungi body in
PPL and white in XPL.

Mineral Matter consists of
clay and siderite.

Clays displays dark spots in
PPL, white to greenish white
in XPL. Siderite displays a
spherical layer of yellowish
orange and white in middle
sphere in XPL.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter
Scl = Sclerotinite, Cl = Clay, Sid = Siderite

51 925 nmldndesganssminuulfuasvesdedraniuiu (Sample No. A10 — 1)
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Sample No. A10 -3

Textinite of telovitrinite
subgroup show weakly

| structure of wood with crack

of gel.

Composition (%)
V =96 %
L=0%

1=0%

MM =4 %

Vitrinite consists mainly of
telinite. They show texture
of wood tissue and display

= pale gray in PPL and black

in XPL.

Mineral Matter consists of
clay minerals and siderite.
Clays displays as dark spots
in PPL, white to greenish
white in XPL. Siderite
shows a spherical layer of
dark yellow and display
white in middle sphere and
yellowish orange of outside
layer in XPL.

= Clay

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
Tex = Textinite, Gel = Gelinite, Sid = Siderite, Flu = Fluorinite, Re = Resinite, CI

51 926 nmwldndesganssminuylduasvesdedisaiuiiu (Sample No. A10 - 3)
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| Sample No. A10-6

| Textinite of telovitrinite

subgroup shows weakly
structure of wood with crack
of gel.

. | Composition (%)

V =68 %
L=19%
I=1%
MM =12 %

Vitrinite consists of wood
tissue (textinite) cemented
by gelinite. They display
pale gray in PPL and black
in XPL.

Litinite consists of fluorinite
and resinite. Fluorinite
display pale gray in PPL,
black in XPL and bright
yellow points in a row in UV
excitation. Resinite displays
the high relief and pale gray
in PPL, white in XPL and
light-yellow spot in UV
excitation

Mineral Matter consists of
clay minerals and siderite.
Clays display as dark spots
in PPL, white to greenish
white in XPL. Siderite
shows a spherical layer of
dark yellow and displays
white color in middle sphere
and yellowish orange of
outside layer in XPL.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
Tex = Textinite, Gel = Gelinite, Sid = Siderite, Flu = Fluorinite, Re = Resinite, Cl = Clay

51 927 nmldndesganssminuulfuasvesdedraniuiu (Sample No. A10 — 6)
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- a;')u-‘?‘"}r -'3; - Sample No. A10 -8

Porigelinite of gelovitrinite
subgroup show structure of
wood tissue and
perpendicular crack of gel.

Composition (%)
V=82%

S L=16%
11=0%

MM =2 %

Vitrinite consists of wood
tissue (textinite) cemented by
gelinite. They display pale
gray in PPL and black in XPL.
Liptinite consist of flurinite,
cutinite, resinite and
exsudatinite. Fluorinite
displays pale gray to dark gray
in PPL and dark gray to black
in XPL. Under UV excitation
they display light yellow dots
in group. Cutinite (fragment)
display yellowish brown to
brown with highly relief in
PPL. Resinite displays as
yellow spot in cutinite.
Exsudatinite display as
greenish yellow surround

pyrite.

§ brown to black in PPL and
display as white dots in sphere
group in XPL (framboidal
pyrite).

The white dots in XPL are clay
filling in voids.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
Tex = Textinite, Ex = Exsudatinite, Cu = Cutinite, Re = Resinite, Flu = Fluorinite,
Py = Pyrite, Cl = Clay

51 928 nmldndesganssminuulfuasvesdedraniuiu (Sample No. A10 — 8)
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= Sample No. A10-10

Porigelinite of gelovitrinite
subgroup

Composition (%)
V=54%

o L=42%

. -: 1=0%

I MM =4%

& | Vitrinite consists of plant
tissue cemented by gelinite.
They display gray in PPL

¢ and dark gray to black in
XPL. Liptinite consists of
preserve plant tissues. They
display as high relief and
pale gray to dark gray in
PPL and brown to black in
XPL. Under UV excitation,
fluorinite display as group of
bright yellow dots and

§ cutinite display as line of
yellowish brown to dark
brown. Cutinite displays as
end of leaves with V-shape,
ledge shape and double line.

Mineral Matter consists
mainly of clay and silica
minerals. The white and
yellow dots and white spots
in XPL are clay and silica
filling in voids.

0.016 mm. f§ e O g,

PPL = Plane PoIrized light, XPL = Cross Polarized light, UV ex = UV excitation
Flu = Fluorinite, Cu = Cutinite, Cl = Clay, Si = Silica

51 929 nmldndesganssminuulFuasvesdiediesauiiu (Sample No. A10 — 10)
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Sample No. A10-11

Porigelinite of gelovitrinite
subgroup

» Composition (%)
| V=56 %
L=35%

1 1=0%

s MM =9 %

Vitrinite consists of plant
tissue cemented by gelinite.
They display gray to dark
gray in PPL and dark gray to
N black in XPL.

Liptinite consists of
preserve plant tissues. They
display pale gray to dark
gray in PPL and yellowish-
brown to black in XPL.
Under UV excitation
¢ fluorinite displays as group
= of bright yellow dots in row.
Cutinite displays as line of
yellowish brown to dark
g brown with V-shape and

* ledge shape. Exsudatinite
displays as brown filling in
voids without structure.

-
- -

Mineral Matter consists of

o R - A0
o~ ety T L - ‘ . S - .
- : b SRT SRy Clay and silica mineral. The

v B White and yellow dots and

0.0 i white spots in XPL are clay
and silica filling in voids.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
Cu = Cutinite, Ex = Exsudatinite, = Flu = Fluorinite, Cl = Clay, Si = Silica

51 930 nmldndesganssminuulfuasvesdiedaniuiu (Sample No. A10 — 11)
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~ _—— e "r 2 ; Sample No. A11-3

'

e L
- ' - -l.~ t -
k

Porigelinite of gelovitrinite
subgroup

Composition (%)

Cv=83%
L=12%
1=0%

S MM=0%

M&: Vitrinite consists of plant

T tissue (textinite) cemented
XPL by gelinite. They display

pale gray in PPL and black
in XPL with gel crack.

Liptinite displays dark gray
and high relief in PPL and
dark gray to black in XPL.
Under UV excitation,
fluorinate displays as light
yellow to greenish yellow of

0.016 mm. spots in a row and resinite

display as yellow spots

filling in voids.

0.016 mm. SN

PPL = Plane olarized light, XPL = Cross Polarized light, UV ex = UV excitation
Tex = Textinite, Flu = Fluorinite, Re = Resinite,

51 31 mmldndesganssminuylFuasvesdedisaiuiiu (Sample No. A1l - 3)
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Sample No. Al1-5

Porigelinite of gelovitrinite
subgroup show textinite
with gelinite.

Composition (%)
V=94%
L=4%

I1=0%

| MM =2%

Vitrinite consists of wood
tissue (textinite) cemented
by gelinite. They display
pale gray in PPL and black
in XPL.

Liptinite are mostly filling
in voids and display dark
gray in PPL and black in
XPL. Under UV excitation,
exsudatinite display light
yellow to greenish yellow
with fill up structure.
Sporinite and resinite
display as yellow dots with
s-shave and sphere shape.
Telaginite (botryococcus
sp.) displays as light-yellow
which body of algae.

Mineral Matter consists of
clay and pyrite. The white
dots filling in voids are clay.
The dark gray to black in

v . : PPL and yellow to brown in
: : XPL are pyrite.

PPL = Plane Polarized Iiht, XPL = Cross Polarized light, UV ex = UV excitation
Te = Textinite, Gel = Gelinite, Re = Resinite, Ex = Exsudatinite, A-Te =
Telaginite, S = Sporinite, Cl = Clay, Py = Pyrite

51 932 i ldndesganssminuylFuasvesdediediuiiu (Sample No. A1l - 5)
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Sample No. A11-7
Gelinite of gelovitrinite
subgroup with gel crack and

| mineral alteration.

| Composition (%)
1V=69%
1 L=15%

1=0%
MM =16 %

‘| Vitrinite consists mainly of

organic matter transform to
gelinite. They show gel crack
and display pale gray in PPL

8 and black in XPL.

Liptinite is mostly filling in
voids and display pale gray in
PPL and yellowish brown to
black in XPL. Under UV
excitation, fluorinite displays as

8 light yellow to greenish yellow

dots in a row group. Resinite
displays as yellow dots with
sphere shape. Bituminite
displays as dark brown with
structure fill up in voids.
Exsudatinite displays as green
filled in gel crack.

Mineral matter consists
mainly of clay and siderite.
The white and yellow dots

@ filling in voids are clay. The

highly reflected in PPL and
yellow to brown in XPL with
ring structure for oxidation rim
are siderite.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation

Gel = Gelinite, Re = Resinite, Ex = Exsudatinite, Bi = Bituminite, Cl = Clay, Sid

= Siderite

51 933 i ldndesganssminuulFuasvesdedisaiuiiu (Sample No. A1l —7)
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Sample No. A13-1

i PPL
y- o <
< A?\ Telovitrinite shows
5 o - character of texto-ulminite
| in corpocollinite.
= N SC o 3

.| Composition (%)

V=98%
L=0%
I=1%
MM =1%

Vitrinite consists mainly of
copocollinite. They display
bark and cork of wood
showing structure of cell
walls (textinite) filled by gel
(ulminite). Texto-ulminite
display dark brown in PPL
for dry ulmin and pale gray
in PPL for textinite. Both of
them display black in XPL.

Inertinite consists mainly
of sclerotinite. They
display as pale gray with
highly relief with sphere
shape in PPL and black in
XPL.

Mineral Matter consists
mainly of small amount clay
and sulfide mineral. They
display as black in PPL and
white dots in XPL filling in
crack and voids.

PPL = Plane Polarized light, XPL = Cross Polarized light
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter
Te = Textinite, Te-U = Texto-Ulminite, Sf = Sulfide mineral, Cl = Clays

51 9-34 mwldndesganssminuulFuasvesdedieaiuiiu (Sample No. A13 -1)
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| Sample No. A13-2

2y Corpogelinite shows gel of
“| wood tissues in parallel cut
| section.

-, | Composition (%)
- V=8T%

1 L=12%
1=0%
MM =1%

Vitrinite consists mainly of
tellinite. They show
structure of bark woods with
essential oil and display pale
gray in PPL, dark gray in
XPL and black in UV
excitation.

Liptnite consists of
sporinite, liptodestrinite and
fluorinate with some
exsudatinite. Sporinite
displays as white to dark
yellow with S-shape and
telephone shape. Fluorinite
displays as group of bright

4 yellow dots filling in dry
ulmin in UV excitation.

- Exsudatinite displays dark
$¥88 gray in PPL, black in XPL.
Under UV excitation
exsudatinite displays dark
yellow to greenish yellow
filled in voids of dry gel and
wood tissue.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
Gel = Gelinite, Re = Resinite, Ex = Exsudatinite, Bi = Bituminite, Cl = Clay

51 935 nmmldndesganssminuulduasvesdedieaiuiiu (Sample No. A13 - 2)
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- Sample No. A13-3

Textinite consists mainly of
. well preserve cell walls and
| cell ulmin in coal.

| Composition (%)
| V=98 %
= L=0%
- 1=0%
- (MM =2%

m \/itrinite consists of texto-
ulminite in telovitrinite.
They show structure of wood
cell walls. They display pale
gray in PPL and black in
XPL.

Texto-ulminite shows
structure of cell walls
(textinite) filled by gel
(ulminite).

Mineral Matter consists of
clay minerals filling in dry
ulminite voids. They display
as dark dots and line in PPL.
In XPL, they display white
color.

PPL = Plane Polarized light, XPL = Cross Polarized light
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter
T = Textinite Ul = Ulminite, Cl = Clay, Si = Silica

ﬂﬁ 3-36 mw“l@mamﬂamiﬁuuuuhuﬁw@maaanmuﬁu (Sample No. A13-3)
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Sample No. A13-4

Telovitrinite shows
character of texto-ulminite

~ .| in corpocollinite in the
7.

section perpendicular to the

| tree trunk.

& Composition (%)
- 1V=96%

S L=0%

0.016 mm.

il

| 1=1%

MM =3 %

8 Vitrinite consists mainly of

copocollinite. They display
bark and cork of wood
showing structure of cell
walls (textinite) filled by gel
(ulminite). They display
dark brown in PPL for dry
ulmin and pale gray in PPL
for textinite. Both of them

“ are black in XPL.

Mineral Matter consists
mainly of small amount clay
minerals. They display as
black in PPL and white dots
in XPL filling in voids. The
yellow in XPL is siderite

PPL = Plane Polarized light, XPL = Cross Polarized light
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter
Te = Textinite, Te-U = Texto-Ulminite, Cl = Clays, Sid = Siderite

51 937 nmldndesganssminuulfuasvesdedraniuiu (Sample No. A13 — 4)
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| Sample No. AS1-1

|| Porigelinite of gelovitrinite
subgroup

Composition (%)
| V=13%

| L=68%
1=0%

MM =19 %

Vitrinite consists of wood
tissue cemented by gelified
material. Phlobaphinite
with zone of transformed
display pale gray to dark
| gray in PPL and black in

XPL.

Mineral matter consists
mainly of clay and silica.
Silica displays as various
size white spots filled in
voids. Clay displays white
yellow to yellow.

PPL = Plane Polarized light, XPL = Cross Polarized light
Ph = Phlobaphinite, Si = Silica, Cl = Clay

v 4
51 0-1 nmldndesganssminuulfuasvesdiediariuingi (Sample No. AS1 - 1)
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Sample No. AS1-2

| Texo-ulminite of

| telovitrinite subgroup in cut
“| cross bedding section show
structure of wood tissue.

~ | Composition (%)
|V=15%

' L=70%

[1=0%

| MM =15 %

Vitrinite shows difference
in reflectance of textinite
and ulminite cemented by
gelinite. Ulminites are body
of cell filling in clay. They
display pale gray in PPL and
black in XPL.

Liptnite displays bright gray
in PPL and dark in XPL.
Under UV excitation,

¥ | resinite displays as light-
yellow spots. Sporinite
display as yellow with spore
shape. Liptodestrinite
displays yellow without
shape. Suberinie displays
as yellow thick line with
serrated teeth.

Mineral matter consists of
clay and framboidal pyrite.
Clay display as white and

. .. o . . . . 1 P, - - - -
00l6mm. | : % 4 ! yellow filling in voids.
. L]

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
Li = Liptodestrinite, Su= Suberinite, S = Sporinite, C = Clay

H o o (] a %l @
5171 92 nmldndoagansseninuy lduasvesiodiariniiniu (Sample No. AS1 - 2)
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Sample No. AS1-3

Textinite of telovitrinite
| subgroup shows layer of
textrinite and gelinite.

| Composition (%)

V=9%
L=74%
= A 1=0%
- e I MM=17%
0.016 mm. e s
5 . -

Vitrinite consists of wood
tissue cemented by gelified
material. Gelinite and
textinite display pale gray to
dark gray in PPL and black in
XPL.

Liptinite displays bright
reflect in PPL and dark gray
to black in XPL. Under UV
excitation resinite displays as
light yellow with sphere
shape. Liptodestrinite
displays yellow without

N shape. Cutinite displays as
yellow thick line and cover
resinite (dark).

Mineral matter consists of
clay. They display white and
yellow spots and filling in
== \Voids in XPL.

0.016 mm. " e ::J:.q' ‘

.. o ; -"‘n

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
Tex = Textinite, Gel = Gelinite, Li = Liptodestrinite, Re = Resinite, Cu = Cultrinite,
C =Clay

H ] a %’ £
gﬂﬁ -3 mw‘lﬁ’ﬂé’m@amiﬁﬁamu"l%’ummmmammuumu (Sample No. AS1 - 3)
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Oil Shale (Alginite) in the
cross section of bedding
shows foliation of sediment
deposited with algae.

Composition (%)

V=1%

i L=88%
1=0%

MM =11%

Vitrinite consists mainly of
densinite. Densinite display
dark gray to black in PPL
and black in XPL.

Liptinite consists mainly of
alginite. They display highly
relief and reflect pale gray in
PPL. The colonies of pila
algae are various size and
shape. They display shave,
= light yellow in XPL and

| white yellow in UV ex.
The lamalginite algae are
dark brown to black in XPL
and yellowish-brown short
linein UV ex.

Mineral matter consists of
clay. They display white
dots in XPL are clay
deposited with organic
sediment.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
La = Lamalginite algae, Pila = Pila algae, C = Clay

31] 1 9-4 ﬂwwGlmﬂamimmiﬁmmu%uawmmamqﬁuumu (Sample No. AS1 - 1/1)
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I Sample No. AS2-1/2

2 Ol Shale (Alginite) in the

¥ section parallel to bedding of
¥ sediment deposited with algae.

~¢ . Composition (%)

oz | Vitrinite consists mainly of

g densinite. They display dark
gray to black in PPL and black
| in XPL.

Liptinite consists mainly of

¢ alginite (Telalginite)
Botryococcus braunii shows 4
g cup of body structure and
display highly relief and reflect
pale gray in PPL, white to
greenish yellow in XPL and
white yellow in UV excitation.
Lamalginite displays as
parallel body and gray to dark
4 gray in PPL and black in XPL
£ and yellowish brown to brown
in UV excitation.

Mineral matter consists of
clay and pyrite. The white dots
in XPL are clay deposited with
4 organic sediment.

The bright dots in PPL, white
in XPL and dark in UV ex are

pyrite.

La = Lamaginite algae, Bot = Botryococcus algae, C = Clay, Py = Pyrite

H ' a %l 9
51 2-5 i ldndesganssminuulduaavesdaediaiiuiiu (Sample No. AS1 — 1/2)
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PPL = Plane Polarized light, X
A-La = Lamalginite algae, A-Te = Telaginite algae, C = Clay, Py = Pyrite
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8 Sample No. AS2-2

Oil Shale (Alginite) in the

8| cross section of bedding shows
¥ foliation of sediment deposited
with algae

@ Composition (%)
aV=2%

® L =89 %

1 1=0%

MM =9 %

Vitrinite consists mainly of

g densinite. Densinite display
dark gray to black in PPL and
black in XPL.

Liptinite consists mainly of
alginate. They display highly
relief and reflect pale gray in
PPL. The telaginite algae is
colonies of pila algae. They
are varying in size and shape.
They display light yellow in
XPL and white yellow in UV
ex. The lamalginite algae are
dark brown to black in XPL
= and yellowish-brown short line
b in UV ex.

Mineral matter consists of

: clay and pyrite. The white dots
® in XPL are clay deposited with

organic sediment. The group of

bright and white in PPL and

§ XPL with circle shave and dark

in UV ex are framboidal pyrite.

PL = Cross Polarized light, UV ex = UV excitation

H o o (] a %l @
5171 9-6 nmldndoagansseninuy lduasvesiediariuiiniu (Sample No. AS2 — 2)
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T S Sample No. AS2-3

@ Oil Shale (Alginite) in the
4% section parallel to bedding of
i sediment deposited with

3 algae.

! Composition (%)
L v=18%
1 L=62%
A1=0%
| MM =20 %

| Vitrinite consists mainly of

#8 densinite. They display

SRe dark gray to black in PPL
and black in XPL.

¢ Liptinite consists mainly of
alginate. They display gray
® to dark gray in PPL and

B4 black in XPL. Lamalginite
= display as parallel body and
yellowish brown to brown in
e UV ex.

Ad Mineral matter consists of
clay, silica and pyrite. The
¢ white and yellowish-brown
dots and white spot in XPL
# are clay and silica deposited
o with organic sediment.

4 The bright dots in PPL,
white in XPL and dark in
4 UV ex showing group of
circles are framboidal pyrite.

0016 mm. | L2
»

v ‘5" 7 »

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
A-La = Lamalginite algae, C = Clay, Py = Pyrite, Si = Silica

H o o (] a %l @
5171 9-7 s ldndeagansseninuy lduasvesiediariniiniu (Sample No. AS2 — 3)
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Oil Shale (Alginite) show
sediment deposited with
algae.

Composition (%)
SV=9%

L =65%

8 1=0%

d MM =26 %

7T TS U7, B 5, e
. ' (

Vitrinite consists mainly of
attrinite. They show dark
gray to black in PPL and
black in XPL.

Liptinite consists mainly of

alginate. Telaginite

& (colonies of pila algae)

, : B display highly relief and

S i Ve B ¢ SR roflect dark gray in PPL,
Sl ; SR SN white to light yellow in XPL

,: A o SR and white yellow in UV ex.

e e Sy At Lamalginite display white
. S - to yellow in XPL and

yellowish-brown short line

in UV ex.

Mineral matter consists of
pyrite and clay. The white

| circle in PPL and XPL and
| dark in UV ex is pyrite.

.| The white and yellow dots

are clay.

0.016 mm. o : -
» N\ e

PPL = Plane Polarzed light, XPL = Cross Polrzed light, UV ex = UV excitation
A-La = Lamalginite algae, A-Te = Telaginite, C = Clay, Py = Pyrite

H o o (] a %l @
517 -8 nmldndesganssminuulduasuesdrediesriuiniu (Sample No. AS3 — 1)

Y
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Sample No. AS3-2

Oil Shale shows sediment
deposited which oxide.

Composition (%)
V=25%

L =66 %

= 1=0%

= MM =9%

.| Vitrinite consists of white
fine-grained organic
| sediment. They display
. | bright reflected and yellow
| in PPL and black and white
yellow in XPL.

% _ | Liptinite consists mainly of
y 4| alginate. Telaginite
& | (colonies of pila algae)
display yellow in PPL and
white to light yellow in XPL.
"| Under UV excitation they
show bright yellow.
8 Lamalginite display brown
to dark brown.

.| Mineral matter consists of

¥ silica and oxide sediment.

B The white to yellow in PPL
& and XPL is silica.

The yellow dots in PPL and

XPL are oxide sediment.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
A-La = Lamaginite algae, A-Te = Telalginite, Py = Pyrite

H o o (] a %l @
517 9-9 amldndoagansseninuy lduasvesdiediariviiniu (Sample No. AS3 — 2)
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N il Sample No. AS3-3

21 Oil Shale (Alginite) in the
W%, | section parallel to bedding of
W8 sediment deposited various
¥ sizes with algae.

+1 Compositions (%)
e V=14%
L =68 %
\ - 24 1=0%
0.016 mm. S, T } MM =18 %
’\\,"'r' T ’ y

A R e
- ’
’ .

Vitrinite consists mainly of
densinite. They display
dark gray in PPL and black
in XPL.

» W © | Liptinite consists mainly of
08 lamaginite algae in parallel
¥ body. They display pale

® gray in PPL and dark brown

to black in XPL. Under UV

excitation they display
yellow to yellowish brown.

! Mineral matter consists of
calcite, pyrite and clay.
The crystal white to gray in
PPL, white in XPL and
34 white yellow reflect in UV
1 ex are calcite.
@4 The white dots in PPL and
*4 XPL and dark in UV ex

1 showing group of circles are
+5%1 framboidal pyrite.
The dark gray dots in PPL
and white to yellowish
brown in XPL are clay.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
A-La = Lamalginite algae, Py = Pyrite, Ca = Calcite

9

51 2-10 nmldndesganssminuulfuasvesdlediasfiuiniu (Sample No. AS3 — 3)
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8 Sample No. AS3-4

Oil Shale (Alginite) shows
sediment deposition with

g algae.

| Composition (%)

V=18%
L=71%
I=0%
MM =11%

Vitrinite consists mainly of
attrinite. They display dark

# gray to black in PPL and

black in XPL.

_— Liptinite displays dark gray

and black in PPL and XPL.
Under UV excitation.
Telaginite displays bright
yellow. Lamalginite
display as yellow with long
shape.

Mineral matter consists

¥ mainly of oxide sediment.

They display yellow dots in

i~ XPL. The white in PPL and
% XPL with circle shave and

dark in UV ex are framidol
pyrite.

PPL = Plane Polarized Ilght XPL Cross Polarlzed light, UV ex = UV excitation
A-La = Lamalginite algae, A-Te = Telaginite, Py = Pyrite

st a-11 ﬂ1w“lﬁﬂaaq%a'n:i5ﬁuuuu“lmmwmmamwuumu (Sample No. AS3 - 4)
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) Sample No. AS 3/21

Oil shale shows sapropelite
deposited with alginite which
indicates boghead-cannel coal.

Composition (%)
V=10%
L=77%

1=0%

MM =13 %

Vitrinite consists mainly of
attrinite. They dark gray to
black in PPL and black in XPL.

Liptinite consists mainly of
alginate. They display white
yellow and yellowish brown in
UV excitation. Telaginite
(botryococcus sp.) are bright
white to yellow thick line and
sphere in shape. Lamalginite
display as thin of yellowish-
brown short line. Sporinite or
liptodestrinite display as

g yellowish to yellowish brown

§ dots.

Mineral matter consists
mainly of clay and silica. They
are various in sizes, sub-round
to round. They display pale
gray to black in PPL and white
to light yellow and pale gray in
XPL.

0.016 mm. o' ha e .

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
A-Te = Telaginite, A-La = Lamalginite, S = Sporinite, Li = Liptodestrinite, Cl =
Clay, Silica

9

51 2-12 s ldndesgansseninuy1Fuasvesdiedrariutiniu (Sample No. AS3/21)

Y
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Sample No. AS3-2/1

Oil shale (boghead coal)
shows sapropelic deposit of
different type of alginite layer
and mineral matters.

Composition (%6)
V=9%
L=79%

1=0%

MM =12 %

¥ Vitrinite consists mainly of
attrinite. They display dark
gray to black in PPL and black
in XPL.
Liptinite consists mainly of
8 alginite and liptodestrinite.
¥ They display bright yellow and
yellowish brown in UV
W excitation.
Telalginite (botryococcus sp.)
displays as white to bright
yellow thick line and sphere
shape. Lamalginite displays
thin of yellow line and shows
layers of short and long
lamalginite body.
Liptodestrinite shows dark
brown ground mass in UV ex
without structure.
Mineral matter shows dark
+ gray to black in PPL and white
| to light yellow dots in XPL are
clay. Pyrite displays group of
| circular shape with light yellow
| to pale gray in PPL, white in
XPL and black in UV ex are
framboidal pyrite.

PPL = Plane Polarized I|ght XPL = Cross Polarlzed light, UV ex = UV excitation
A-Te = Telaginite, A-La = Lamalginite, Cl = Clay, Silica

ﬂﬁ 9-13 ﬂ"nN“lﬁﬂam%amiﬁmmu“lwmsummamwuumu (Sample No. AS3 - 2/1)
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Oil shale (boghead coal)
shows sapropelic deposits of
alginite layer and mineral
matters.

Composition (%)
V=3%
L=87%
1=0%

MM =10 %

Vitrinite consists mainly of
attrinite. They display pale
¥ gray to dark gray in PPL and
black in XPL.

Liptinite consists mainly of
alginate. They display dark
gray in PPL, dark brown to
d black in XPL and yellow
under UV ex. Telaginite is
B Dbright yellow of

¥ botryococcus sp.
Lamalginite is various sizes,
thick to thin and short to
long. They display layer
e movement and compaction

|| deposited.

Under UV ex,
liptodestrinite shows yellow
to dark brown dots and
® without structure.

Mineral matter consists of
clay. They display white
and light-yellow dots in
XPL.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
A-Te = Telalginite, A-La = Lamaginite, Py = Pyrite, Cl = Clay

H ' a g o
51 2-14 nmidndesqansseniuuulfuasvesdiodiariuingi (Sample No. AS3 — 2/2)
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Sample No. AS3/21-3

Qil Shale shows sapropelite
g deposits of alginite and mineral
#25 matters.

% Composition (%)
8 \/ =23%

IAL L=65%
1=0%

5 MM =12 %

Vitrinite consists of fine grain
of organic sediment cement by
gelinite. Densinite display
W8 pale gray to dark gray in PPL

8 and black in XPL.

Liptinite displays pale gray to
dark gray in PPL and light
brown to black in XPL. Under
UV excitation. Resinite
display bright yellow spots
with sphere shape. Sporinite
display as yellow dots with
spore shape. Alginite
: (botryococcus braunii) displays
bright yellow with sphere shape
and alginite (lamalginite) or
+ Liptodestrinite display yellow
{ to yellowish-brown long body
without shape

¥ Mineral matter consists of
pyrite, clay and carbonate.
Carbonates shows rectangular
crystal diamond and fluorescent
pale gray in PPL, white to gray
and yellow to greenish yellow
in UV ex.

Pyrite is framboidal pyrite.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
Re = Resinite, S = Sporinite, A = Alginite, Li = Liptodestrinite, Py = Pyrite, Cl =
Clay, Ca = Carbonate

9

51 2-15 s ldndesgansseninuy1Fuasvesdediariutiniu (Sample No. AS3/21-3)
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& Sample No. AS3/21-4

Oil Shale shows sapropelic
deposited and mineral matters.

2 % Composition (%)
1V=16%

L=74%
1=0%
MM =10 %

| Vitrinite consists of fine grain

of organic sediment cement by

y gelinite. Densinite display

pale gray to dark gray in PPL
and black in XPL.

Liptinite displays pale gray to

§ dark gray and light brown in

PPL and light brown to black in
XPL. Under UV excitation
colonies of botryococcus sp.
display white yellow to yellow.

#§ Botryococcus braunii display

as white with body.
Lamalginite display as brown
to dark brown line.

Mineral matters consist of
clay and pyrite. Clay displays
dark gray to black in PPL and
white dots in XPL and dark in
UV ex. The circle bright in
PPL, white dots in XPL and
dark in UV ex for framboidal

pyrite.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
Cl = Clay, Py = Pyrite, A = Algrinite, A-La = Lamalginite

v
=

9

51 9-16 nmldndesganssminuulfuasvesdaediesfiuiniu (Sample No. AS3/21-4)
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Sample No. OH1-1

Oil Shale (Alginite) shows
sediment deposited with
algae.

Composition (%)
V=2%
L=36%
1=0%

MM =62 %

Vitrinite consists of coal
fragment. They display dark
gray to black in PPL and
black in XPL.

Liptinite displays dark gray
and black in PPL and
yellowish brown to dark
brown in XPL. Under UV
excitation, telaginite algae
displays white to bright
yellow and botryococcus
braunii show 4 cups

| structure.Lamalginite

displays yellow with long

| shape.

Mineral matter consists of
silica. They display white

4 fume in XPL are clay/ silica

fume. The bright crystal in
PPL, white in XPL and dark

¥ in UV ex are quartz.

ross Polarized light, UV ex = UV excitation
A-La = Lamaginite algae, A-Te = Telalginite, Py = Pyrite

H 4 Y (] a g o
51U a-1 nmldndesqansseminuulduasvesdrediariningu (Sample No. OH1-1)
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Sample No. OH2-1

Oil Shale shows sediment
deposited with algae.

Composition (%)
V=5%

L=30%

1=0%
MM =65 %

Vitrinite consists of coal
fragment. They display
show dark gray to black in
PPL and black in XPL.

Liptinite displays dark gray
and black in PPL and
yellowish brown to dark
brown in XPL. Under UV
excitation telalginite algae
displays white to bright
yellow for botryococcus
braunii. It shows 4 cups
structure.

Mineral Matter
The white fume in XPL is
clay/ silica fume. The bright

| crystal in PPL, white in XPL

and dark in UV ex are
quartz.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
A-La = Lamaginite algae, A-Te = Telalginite, Py = Pyrite

H ] a %’ £
gﬂﬁ -2 mw“lﬁ’ﬂé’ma;amsﬁﬁgmu"l%’ummmmamwuumu (Sample No. OH2-1)
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Sample No.OH2-2

Oil Shale shows algae mat
deposited with  organic
sediment in the section cut
in perpendicular.

Composition (%)
V=3%
L=24%
1=0%

MM =73 %

Vitrinite consists mainly of
gelinite. They display pale to
dark gray in PPL and dark
color in XPL to black under
UV excitation.

Liptinite consists mainly of
lamalginite with minor
telaginite. Lamalginite
displays white to yellow in
PPL and XPL. Under UV
excitation they display short
and thin body with yellow to
dark brown groundmass.
Telaginite (Pilla algae)
display pale gray to light
yellow with high relief in
PPL, white, dark brown in
XPL and bright yellow under
UV excitation.

Mineral matter consists
mainly of fine-grained
sediments. They display
white in XPL and dark in UV
excitation. Some of pyrite
display pale gray in PPL, and
cubic dark brown to black in
XPL and UV ex.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
V = Vitrinite, L = Liptinite, I = Inertinite, MM = Mineral Matter
A-La = Lamalginite algae, A-Te = Telaginite, Py = Pyrite

9

510 2-3 nmldndesganssmivuulfuasvesdaoseiiuniniu (Sample No. OH2-2)
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Sample No. OH3-1

Oil Shale shows fine-
grained sediment deposited
with algae.

Composition (%)
V=1%
L=15%
1=0%

MM = 84 %

Vitrinite consists of coal
fragment. They display
dark gray to black in PPL
and black in XPL.

Liptinite displays dark
gray and black in PPL and
yellowish brown to dark
brown in XPL. Under UV
excitation telalginite algae
display white to bright
yellow. Lamaginite
display yellow with long
shape. The telalginite
botryococcus braunii.show
4 cup structure.

Mineral Matter consists
of silica and quartz. The
white fume in XPL is clay/
silica fume. The bright
crystal in PPL, white in
XPL and dark in UV ex are
quartz.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
A-La = Lamaginite algae, A-Te = Telalginite, Py = Pyrite

H o o (] a %’ @
517 2-4 nmldndesqanssmivuulduasvesdediarininiu (Sample No. OH3-1)
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2 T, PRS0 AR £ Sample No. OH3-2

Oil Shale (Alginite) shows
sediment deposited with
algae.

Composition (%)
V=5%
L=17%
1=0%

MM =78 %

Vitrinite consists mainly
of gelovitrinite. They

display dark gray to black
in PPL and black in XPL.

Liptinite shows matrix of
white to light yellow in
XPL and yellow to orange
under UV excitation.
Telalginite algae display
bright yellow and
lamaginite.display yellow
with long shape.

Mineral matter consists
of clay and silicate with
pyrite. The white and
yellow dots in XPL. The
black dot is framboidal

pyrite.

oy

‘.‘ ( 4 .A . %

PPL = Plane Polarized light, XPL = Cross PoIarTzed light, UV ex = UV excitation
A-La = Lamaginite algae, A-Te = Telalginite, Py = Pyrite

H o o (] a %’ @
51 2-5 nmldndesqanssmivuulduasvesdiediarininiu (Sample No. OH3-2)
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Sample No. OH4-1

Oil Shale shows very fine-
grained sediments
deposited with organic
sediments.

Composition (%)
V=0%
L=13%
1=0%

MM =87 %

Vitrinite consists mainly
of gelovitrinite. They

display dark gray to black
in PPL and black in XPL.

Liptinite shows matrix of
white to light yellow in
XPL and yellow to orange
under UV excitation.
Telalginite algae displays
bright yellow and
lamaginite.displays yellow
with long shape.

Mineral matter consists
mainly of silicate crystal
and clay mineral. They
display white to yellow in
XPL.

PPL = Plane Polarized Iight,XPL = Cross Plaried light, UV ex = UV excitation
A-La = Lamalginite algae, A-Te = Telaginite, Py = Pyrite

H o o (] a %’ @
517 2-6 nmldndesqanssmivuulduasvesdiediarininiu (Sample No. OH4-1)
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Sample No. OH4-2

Oil Shale shows very fine-
grained sediments
deposited with organic
sediments

Composition (%)
V=2%
L=13%
1=0%

MM =85 %

Vitrinite consists mainly
of gelovitrinite. They

display dark gray to black
in PPL and black in XPL.

Liptinite shows matrix of
white to light yellow in
XPL and yellow to orange
under UV excitation.
Telaginite algae displays
bright yellow and
lamalginite displays
yellow with long shape.

Mineral matter is mostly
of silicate crystal and clay
mineral. They display
white to yellow in XPL.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
A-La = Lamalginite algae, A-Te = Telaginite, Py = Pyrite

H o o (] a %’ @
51U 2-7 nmldndesqanssmivuulduasvesdrediarininiu (Sample No. OH4-2)
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¥ PPL Sample No. OH4-3

Oil Shale shows very fine-
grained sediments
deposited with organic
sediments.

Composition (%)
V=2%
L=17%
1=0%

MM =81 %

Vitrinite consists mainly
of gelovitrinite. They

display dark gray to black
in PPL and black in XPL.

Liptinite shows matrix of
white to light yellow in
XPL and yellow to orange
under UV excitation.
Telaginite algae displays
bright yellow and
lamalginite.displays
yellow with long shape.

Mineral matter is mostly
of silicate crystal and clay
mineral. They display
white to yellow in XPL.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
A-La = Lamalginite algae, A-Te = Telaginite, Py = Pyrite

H o o (] a %’ @
51U -8 mmldndosgansseninuylduasvesdiodiariuiniu (Sample No. OH4-3)
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Sample No. OH5-1

Oil Shale shows very fine-
grained sediments
deposited with organic
sediments.

Composition (%)
V=5%
L=18%
1=0%

MM =77 %

Vitrinite consists mainly
of gelovitrinite. They

display dark gray to black
in PPL and black in XPL.

Liptinite shows matrix of
white to light yellow in
XPL and yellow to orange
under UV excitation.
Telaginite algae displays
bright yellow and
lamalginite.displays
yellow with long shape.

Mineral matter is mostly
of silicate crystal and clay
mineral. They display
white to yellow in XPL.

] > ’
PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
A-La = Lamalginite algae, A-Te = Telaginite, Py = Pyrite

H o o (] a %’ @
51U 2-9 mmldndesgansseninuylduasvesdiodiariuiniu (Sample No. OH5-1)
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PPL = Plane Polarized light, XPL

' %

Sample No. OH5-2

Oil Shale shows
gelovirinite deposited with
fine-grained sediments in
horizontal bed.

Composition (%)
V=8%
L=22%
1=0%

MM =70 %

Vitrinite consists mainly
of gelovitrinite. They

display dark gray to black
in PPL and black in XPL.

Liptinite shows matrix of
white to light yellow in
XPL and yellow to orange
under UV excitation.
Telaginite algae displays
bright yellow and
lamalginite.displays
yellow with long shape.

Mineral matter is clay and
silicate crystal. Silica
crystal display bright white
in XPL and dark brown
under UV ex with cubic
shape.

= Cross Polarized light, UV ex = UV excitation

A-La = Lamaginite algae, A-Te = Telalginite, Py = Pyrite

H 4 Y (] a g @
51U 2-10 mwldndesgansseninuulduasvosiiodrariuiiiu (Sample No. OH5-2)
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Sample No. OH5-3

Oil Shale shows sediment
deposited with algae and
framboidal pyrite.

Composition (%)
V=8%
L=15%
1=0%

MM =77 %

Vitrinite consists mainly
of gelovitrinite. They

display dark gray to black
in PPL and black in XPL.

Liptinite shows matrix of
white to light yellow in
XPL and yellow to orange
under UV excitation.
Telaginite algae displays
bright yellow and
lamalginite.displays
yellow with long shape.

Mineral matter consists
mainly of clay and silicate.
The white and yellow dots
in XPL. The black dots are
framboidal pyrite.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
A-La = Lamaginite algae, A-Te = Telalginite, Py = Pyrite

H 4 Y (] a g @
51U a-11 nmldndesganssminvulduasvesdrodiasriuningu (Sample No. OH5-3)
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Sample No.OH6-1

Qil Shale shows fine-grained
sediments deposited with
algae.

Composition (%)
V=4%
L=17%
1=0%

MM =79 %

Vitrinite consists mainly of
gelinite. They display white
to pale gray in PPL and black
in XPL and UV excitation.

Liptinite consists mainly of
lamaginite. They display
short and thin body. Under
UV excitation, they display
light yellow to orange
groundmass with some
telalginite colony. Telaginite
displays pale gray to light
yellow in PPL, white to light
brown in XPL and bright
white to light yellow under
UV ex.

Mineral matter consists
mainly of fine-grained clays.
They display white in XPL
and dark in UV excitation.
Some of pyrite display dark
gray in PPL, yellowish brown
in XPL with cubic dark
brown to black under UV
excitation.

PPL = Plane Polarized light, XPL = Cross Polarized light,

UV ex = UV excitation

V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter

A-La = Lamalginite algae, A-Te = Telaginite, Py = Pyrite

Y

H ) a 30' U
51 a-12 ﬂm”lﬁ’ﬂﬁ’mfga1/1iiﬁﬁgmu“leff'uﬁwmmamawuumu (Sample No. OH6-1)
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Qil Shale shows gelovirinite
deposited with fine-grained
sediments in horizontal bed.

Composition (%)
V=7%
L=19%
1=0%

MM =74 %

Vitrinite consists mainly of
gelinite. They display white
to pale gray in PPL and black
in XPL and UV excitation.

Liptinite consists mainly of
lamalginite. They displays
short and thin body. Under
UV excitation, they display
light yellow to orange
groundmass with some
telalginite colony. Telaginite
displays pale gray to light
yellow in PPL, white to light
brown in XPL and bright
white to light yellow under
UV ex.

Mineral matter consists
mainly of fine-grained clays.
They display white in XPL
and dark in UV excitation.
Some of pyrite display small
dot dark gray in PPL,
yellowish brown in XPL and
black in UV ex.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
A-La = Lamaginite algae, A-Te = Telalginite, Py = Pyrite

H ' a Y o
511 2-13 mmldndesnanssminuulFuasvesdiodrefiuningu (Sample No. OH6-2)
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Sample No. OH7-1

Oil Shale shows fine-
grained sediments deposited
with algae and remains of
coal gel in the section cut
perpendicular to the cross
bedding.

Composition (%)
V=5%
~ L=15%
R} 1=0%
J : MM =80 %

| Vitrinite consists mainly of
| gelinite. They display

| colorless in PPL and black
in XPL and UV excitation.

" _.' Liptinite consists mainly of
%, | lamalginite and telaginite.
| Under UV excitation,
2 ﬁ lamalginite display yellow

®

WL 7%
. A
y / .
T YRR
. My . v & 43

_ == round body while telaginite
display yellow groundmass.

oy J m Mineral matter consists

e Y mainly of pyrite and clays.
~ ®. & | Pyriteis bright spots in PPL
R ~ | and dark in both of XPL and
UV excitation. Clay
minerals display dark gray

to black in PPL and white to
pale gray in XPL with

L
| : | cloudy texture.
0.016 mm. -

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV
excitation
A-La = Lamalginite algae, A-Te = Telaginite, Py = Pyrite

H [ a %J o
51 3-1 mmldndesganssminuulFuasvesdiedieiiuiniu (Sample No. OH7-1)
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PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV
excitation
A-La = Lamalginite algae, A-Te = Telaginite, Py = Pyrite
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Sample No. OH7-2

Oil Shale (Alginite) shows
sediment deposited with
algae in the section cut
perpendicular to the cross
bedding.

Composition (%)
V=4%
L=26%
1=0%

- T MM=70%
v~

| gellnlte They display

colorless in PPL and black

in XPL and UV excitation.

‘| Liptinite consists mainly of

lamalginite. Under UV

| excitation, they display

yellow groundmass with

{ line body of lamalginite.

Mineral matter consists
mainly of pyrite and clays.
Pyrite is bright spots in PPL
and dark in both of XPL and
UV excitation. Clay
minerals display dark gray
to black in PPL and white to
pale gray in XPL with
cloudy texture.

9

31] N ¥-2 ﬂTW1@ﬂﬂﬂﬂ%ﬂﬂiiﬁﬂ!tﬂﬂ1%tlﬁﬁ%EN@]’J@EJN‘H‘L!NW?JL! (Sample No. OH7-2)
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oA Sample No. OH8-1

{ Oil Shale (Alginite) cut in
4 the section perpendicular to
bedding deposited with
algae.
|
s Composition (%)
MR V=6%
S L=38%
A 1=0%

Q“m. MM =56 %

L8 'J P Vitrinite consists mainly of
S L N elinite. They display dark
S % 1 * % gray to black in PPL and
." black in XPL.
e "’ Liptinite consists mainly of
B | alginite (lamalginite).
M Alginite displays gray to
dark gray in PPL and black
in XPL and yellowish
s W brown to brown in UV ex.
They are remaining of

‘ - ‘ lamalginite.

L™ ) B LA
' Mineral matter is mainly

’. !- of clays and silica. They
: ‘ o display bright dots in PPL,
Y white in XPL and dark in
o UV ex. Group of circles are
silicate crystal.

i . e

0016 mm. | s

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV
excitation
A-La = Lamaginite algae, A-Te = Telalginite, Py = Pyrite

9

510 9-3 s ldndesgansseniuuulFuasvesiiodiariuiniu (Sample No. OH8-1)
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Sample No. OH8-2

Oil Shale (Alginite) in the
section cut parallel to
bedding dominated by
algae.

B Composition (%)
V=4%

W L=44%

1=0%

S MM =52 %

Vitrinite consists mainly of
densinite. They dlsplay

¢ and black in XPL.

o Liptinite consists mainly of
N alginate. They display
¥ highly relief and reflect pale
: “f { gray in PPL. The telaginite
@ are colonies of pila algae of
§ various size and shape.
£ They display light yeIIow in

black in XPL and
% yellowish-brown short line
in UV ex.

g Mineral Matter is mainly
s of clay. They display white
| dots in XPL. Framboidal

%% Pyrite display group of

' PPL and XPL and black in
UV excitation.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV
excitation
A-La = Lamalginite algae, A-Te = Telaginite, Py = Pyrite

gﬂ N ¥-4 ﬂwwGlmﬂaENimmiﬁmmﬂmmwmmaﬂwwuumu (Sample No. OH8-2)
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e Sample No. OH8-3

Oil Shale shows sediment
deposition with algae.

-
L | Composition (%)
B V=28%
L=34%
pre e | = 0 %
SRR MM =38 %

TI

e . a“\’ Vitrinite consists mainly of
‘ - densinite. They show dark
gray to black in PPL and

j black in XPL.

1 Liptinite consists mainly of
alginate. They display
highly relief and reflect pale
gray in PPL. The telaginite
are colonies of pila algae of
N various size and shape.

41 They display light yellow in
1 XPL and white yellow in

#% UV ex. The lamalginite
algae are dark brown to

i black in XPL and

.| yellowish-brown short line
e in UV ex.

| Mineral matter is mainly

%! of clay. They display white
| dots in XPL. Silicate crystal

show sphere bright and

white in PPL and XPL and

o, T ,' Ho5 e RS hlack in UV excitation.
0.016 mm. e ARG et L e e S,

PPL =Plane Polarlzed Ilght XPL Cross Polarized light, UV ex = UV
excitation
A-La = Lamalginite algae, A-Te = Telaginite, Py = Pyrite

9

ﬂﬁ ¥-5 ﬂTw“l@]ﬂﬂ’eNimmiﬁmmu"lﬂmawmmamqwuumu (Sample No. OH8-3)
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Sample No.OH8-4

! Oil Shale (Algae) in the
section cut perpendicular to
bedding.

1=0%
MM =53 %

| Vitrinite consists mainly of
r gelinite. They display dark
gray to black in PPL and

3 black in XPL.

*¥ Liptinite is mostly of
lamalginite and some
telaginite. They show the
s compaction of algal mat.

: ""‘»5 Lamalglnlte dlsplays dark

- dark gray in XPL. Under UV
: = excitation they show yellow to

@ yellowish brow, dark orange
| with body shape. Telalginite
(Botrycoccus sp.) displays

\ bright to white yellow to

¥4 greenish white group.

Mineral matter is mainly of
™ clays. They display white in
2ol XPL with fluffy character.

s Framboidal pyrite show circle
shape and dark in UV
excitation associated with
telalginite algae.

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV excitation
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter
A-La = Lamalginite algae, A-Te = Telaginite, Py = Pyrite

gﬂ 1 ¥-6 ﬂ1w1&61ﬂaaa%amiﬁmmﬂmmwmmamqwuumu (Sample No. OH8-4)
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Sample No. OH9-1

‘| Oil Shale shows fine-

% 2| grained sediment deposition
* | with algae.

0.016 mm. ' ‘

C
&
A

0.016 mm.

| Composition (%)
1V=6%

L=27%
1=0%
MM =67 %

Vitrinite consists of coal
fragment. They display
dark gray to black in PPL

:_ and black in XPL.

Liptinite consists mainly of
algae. They display dark
gray and black in PPL and
yellowish brown to dark

‘| brown in XPL. Under UV

excitation, alginite display
white to bright yellow.

Mineral matter, they

| display white fume in XPL

are clay/ silica fume. The

e | bright crystal in PPL, white

in XPL and dark in UV ex
are quartz

PPL =Plane Polarlzed light, XPL = Cross Polarlzed light, UV ex = UV
excitation
A-La = Lamalginite algae, A-Te = Telaginite, Py =

Pyrite

9

31] ¥-7 ﬂTWGl@]ﬂa@\iimﬂiiﬁmmﬂl%uﬁﬁ‘vEN@]’J@EJN‘H‘LA‘HWU (Sample No. OH9-1)
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4
0.016 mm.

Sample No.OH9-2

Oil Shale (Alginite) in the

section cut perpendicular to
bedding.

Composition (%)
V=1%
L=21%
1=0%

MM =78 %

Vitrinite consists mainly of
minor gelinite.

Liptinite consists mainly of
lamalginite and show algal
mat of thin body compact.
Lamalginite displays dark
gray in PPL, white to
yellow in XPL. Under UV
excitation, they display light

| yellow to yellow with some

of telaginite colony
(Botryococcus sp.) which
display bright white to
yellow.

Mineral matter is mainly
of clays. Clay displays

‘| white in XPL and dark in

UV excitation. Pyrite
shows sphere dots and

| framboidal pyrite display

white in PPL, bright white

o/ in XPL and dark under UV

eX.

PPL = Plane Polarized light, XPL = Cross Polarized

A-La = Lamalginite algae, A-Te = Telaginite, Py =

light, UV ex = UV excitation

V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter

Pyrite

H ] a %’ £
gﬂﬁ ¥-8 mw“lﬁhé’ma;amsﬁﬁzmu"l%’ummmmammuumu (Sample No. OH9-2)
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¢, VT,
) L.

Sample No. OH9-3

QOil Shale shows sediment
A deposition with algae.

S5 Composition (%)
o V=4%

{ L=23%
1=0%
MM =73%

4 | Vitrinite consists mainly of
¥ PL coal fragment. They
¢ display dark gray to black in
( 'g: | PPL and black in XPL.

y Liptinite is mainly of algae.
They display dark gray and
‘| black in PPL and yellow to
yeIIOW|sh brown in XPL.
& | Under UV excitation,
1 | alginite displays white to
% bright yellow.

>

!g"’ b
-‘&‘dw ] g“_z- Mineral matter displays

“ﬂ% e white fume in XPL are clay/
~ . | silica fume. The bright
| crystal in PPL, white in
XPL and dark in UV ex are
1 quartz
d

Lo B

. Lo A Dol
0016 mm. i

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV
excitation
A-La = Lamalginite algae, A-Te = Telaginite, Py = Pyrite

9

31] N ¥-9 ﬂm”lﬂﬂamﬁm1/1iiﬁmmu%uawmmamqwuumu (Sample No. OH9-3)
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Sample No. OH9-4

Oil Shale (Alginite) in the
section cut perpendicular to
N bedding.

Composition (%)
V=3%
L=22%
1=0%

MM =75 %

Vitrinite consists mainly of
gelinite.

0.016 mm.

Liptinite consists mainly of
lamalginite and show algal
mat of thin body compact.
Lamalginite display dark
gray in PPL, white yellow
to yellow in XPL. Under
UV excitation, they display
| bright yellow to dark yellow
with some of telaginite
colony (Botryococcus sp.)
which display bright white

- | Mineral matter is mainly

| of clays. Clay display white
in XPL and dark in UV
excitation. Pyrite show
sphere dots and framboidal

. e ;" -.”.. .-

PPL = Plane Polarized light, XPL = Cross Polarized light, UV ex = UV
excitation
A-La = Lamalginite algae, A-Te = Telaginite, Py = Pyrite

9

51 9-10 nmIdndesganssminuulFuasvesiodrariuiiu (Sample No. OH9-4)
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Sample No. OH10-1

2| Oil Shale shows very fine-
4 grained sediment deposition

Composition (%)
V=2%

' L=23%

1=0%

Y MM = 75 %

S | Vitrinite consists mainly of

minor gelinite and show
special pattern of pale gray
and black in PPL.

Liptinite consists mainly of
lamalginite and show algae
mat compact and body
decay. They display pale
gray to black in PPL and
white to light yellow in
XPL and under UV
excitation show light yellow
to yellow groundmass.

Mineral matter consists of
very fine-grained clay with
pattern in PPL and white in
XPL. Pyrite displays small

2+ dots of black in XPL and

: ,. X
0.016 mm. 3

UV excitation.

o -
PPL = Plane Polarized Ilght XPL = Cross Polarized light, UV ex = UV
excitation
A-La = Lamaginite algae, A-Te = Telalginite, Py = Pyrite

9

1J°?| ¥-11 m‘w‘lmﬂaawaﬂiiﬁmmﬂmmwaamamwuumu (Sample No. OH10-1)




323

o a
A195UY

51wﬂﬂnaawamiﬁmmﬁlﬂmma

Sample No.OH10-2

section cut perpendicular to
bedding

§ Composition (%)
s V=1%

e L =12%

BESS | =0 %

i MM =87 %

itrinite consists mainly of

g e __pelinite. They show special
‘ PP pattern of pale gray and
. - = 3 2 -0 LN Y \\ black in PPL.
> A“- o, :af;j:' A j Liptinite consists mainly of
o S -« oo | |amalginite and show algae
%o Al - . b “s« ' | mat compact and body
BV B 12 "~ ., |decay. They display pale
.\3“_ 2;’: . e+ " & . ‘af . graytoblackin PPL and
‘.’.3"‘.’. AR © ¥ R & Fie white to light yellow in
: A Wik, | XPL. Under UV excitation
— P2 Rowipm oo ~—Lshow light yellow to yellow
5 Y UV ex groundmass.
. vt s L 0 @ : :
N - . T s B R Mineral matter consists
. > .U mainly of very fine-grained
: 3 05, R, L Far A 3 clay with pattern in PPL.
g INET maki ggﬂgj( They display white in XPL.
A 5 i o Y ‘\v;, * | Pyrite displays small dots of
Q’V s T e ¥, - | black in XPL and UV
‘-, P M A o excitation.
4& T v 3 L
0.016 mm. TP TEes = VR # TSy

PPL =Plane Polarlzed Ilght XPL = Cross Polarized light, UV ex = UV excitation
V = Vitrinite, L = Liptinite, | = Inertinite, MM = Mineral Matter
A-La = Lamalginite algae, A-Te = Telaginite, Py = Pyrite

9

ﬂﬁ ¥-12 m‘w‘lmamfuamiiﬁmmu%ummmmemwuumu (Sample No. OH10-2)
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s TEn TR AT, "."b- i N -
:‘_"_ u",;:? .:k o ?:52,‘.:**'- Sample No. OH10-3
w5 + . o
¥, ,;Q?, 3& X f’ W.\ Oil Shale (Alginite) shows
T ’\»f‘ A '&’ very fine-grain sediments

Vitrinite consist mainly of
gelinite. They display
special pattern of pale gray
and black in PPL.

~ | Liptinite consists mainly of
| lamalginite and shows
algae mat compact and body
decay. They display pale
| gray to black in PPL and
‘| white to light yellow in
XPL. Under UV excitation
they display light yellow to
yellow groundmass.

Mineral matter consists
mainly of very fine-grained
| clay with pattern in PPL.
' | They display white in XPL.
| Pyrite shows small dots of
black in XPL and UV
 © 4 excitation. The silicate

| crystal displays bright white
| in XPL.

PPL =Plane Polarized light, XPL Cross Polarized light, UV ex = UV
excitation
A-La = Lamalginite algae, A-Te = Telaginite, Py = Pyrite

9

1J°?| ¥-13 m‘w‘lmﬂaawaﬂiiﬁmmu%uawaamemwuumu (Sample No. OH10-3)
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