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50101214 : MAJOR: HISTORICAL ARCHAEOLOGY
KEY WORD : PRIOR TO THE 13TH CENTURY/ POTTERY/ KENDI

KEPHARIT PHATTHITHANACHOTPHAKHIN : TYPOLOGY AND FUNCTION OF
KENDI IN THAILAND, PRIOR TO THE 13TH CENTURY. THESIS ADVISOR
PROF.EMERITUS.PHASOOK INDRAWOOQOTH, Ph.D. . 321 pp.

The objective of this study was to search for the typology and the function of kendis
in Thailand, Prior to the 13" century A.D., and to search for the mutual intercourse among the
ancient towns in Thailand and to find the relationship of those ancient towns in Thailand with another
ancient towns in Southeast Asia and India.

The result of this study provide us the informations that the kendis could be separated to
5 distinctive type, 1) Straight-spouted kendis 2)Curve-spouted Kendis 3)Flange-spouted Kendis
4)Chin-spouted Kendis 5)Special-spouted kendis

The typology of kendis, discovered by this study has represented the cultural intercourse
among ancient towns in Thailand and the relationship with anothers ancient towns in Southeast Asia
and India.

Due to the technology in the production of kendis that represented through the
petrographic analysis also provide us the informations that the production of kendis in the central of
Thailand has had two distinctive method of production, the frist one filled with natural soil and the
second one filled with sand. But the production of kendis in the northeastern of Thailand was quite
different. Kendis, found in the northeastern of Thailand were filled with rice husk in the clay..

The function of kendis found in Southeast Asia and India, have had many different kind
of function, such as, domestic use, commercial production, court use as a royal utensil,
religious use in Buddhism and Hinduism and ritual use related to the corpse.

Department of Archaeology Graduate School, Silpakorn University
Student's signature ...........cccceiiiiiin i, Academic Year 2011
Thesis Advisor's signature ..........cccccvveeennieee e
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*'R.C.Prasad Singh, “Spouted Vessels in India,” in Potteries in ancient India, ed.
B.P. Sinha (Patna:Patna University, 1969), 118-123.
SSM.N.Deshpande, “Roman Pottery in india,” in Potteries in ancient India, ed. B.P.
Sinha (Patna: Patna University, 1969), 278-280.
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AX: John Marshall, Taxila: An illustrated account of Archaeological Excavations, vol.3

(Delhi: Motilal Banarsidass, 1975), plate123, n. pag.
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39Y.D.Sharma, “Exploration of Historical sites,” Ancient India: Bulletin of the
Archaeological Survey of India, n0.9(1953):131.

“Ibid., 132.



18

y ~ ) J do A
AULTUN 8 NUNUAZHUDWINUIWUNANEY AN
AX: John Marshall, Taxila: An illustrated account of Archaeological Excavations, vol.3

(Delhi: Motilal Banarsidass, 1975), plate 121,123, n. pag.
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“John Marshall, Taxila: An illustrated account of Archaeological Excavations,

vol. 2 (Delhi: Motilal Banarsidass, 1975), 410.
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111: A.S.Altekar and Vijayakanta Mishra, Report on Kumrahar Excavations 1951-1955

(Kanpur: Job Press Private, 1959), fig 31, n. pag.
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*“A.S.Altekar and Vijayakanta Mishra, Report on Kumrahar Excavations 1951-
1955 (Kanpur: Job Press Private, 1959), 19.

“Ibid., 76.
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41 A.S.Altekar and Vijayakanta Mishra, Report on Kumrahar Excavations 1951-1955

(Kanpur: Job Press Private, 1959), fig 31, n. pag.
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17: B.P.Sinha and Sita Ram Roy, “Vaisali” Excavations 1958-1962 (Patna: Governmen of

Bihar, 1969), 92, 100, 103.
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“B.P.Sinha and Sita Ram Roy, “Vaisali” Excavations 1958-1962 (Patna:

Governmen of Bihar, 1969), 7-8.
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11 A.Ghosh and K.C.Panigrahi, “The pottery of Ahichchhatra, District Bareilly, U.P.,”

Ancient India: Bulletin of the Archaeological Survey of India, no.1(1946), 42, 48, 51.
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“A.Ghosh and K.C.Panigrahi, “The pottery of Ahichchhatra, District Bareilly, U.P.,”
Ancient India: Bulletin of the Archaeological Survey of India, no.1(1946): 38.

“Ibid.
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“ﬁiﬂ: B.B.Lal, “Excavation at Hastinapura and other explorations in the upper ganga and Sutlej
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historical Period,” in Ancient India: Bulletin of the Archaeological Survey of India, no.10-

11(1954 & 1955), 64, 69.

~ 2 . 4 4y 4
0. AUANDIUFUIAUTITUN 4 TNIUNTAAITIHNZ-AUNNTAAITIBN 9 11n:
9

H1899N AD: ABAY NTINTZUBAA WIY: NTIATI UVVNTINTLUON §167: NI
=~ Y Y 1 =1 " a 9 3’ a =
397919 A1 AUAAN NMIANLAL: UNMTANUAIRAIAIHLDN 1AEN1TN1AUTILAS
~ [ 9 ] 1 1 a 1 [
tnmsanuasduaednvawdacgluresusna lvansus uazanuauiu
FuldAa e (S) ¥ndu vinaldiduarves lvanivuy
Qy ' 9 : 091} Y] ~ ~

v, Fuaihnvesndonsui wulusuiausssun 4 1hn: dnuay Jveuyu

A
gUDDNUN

48B.B.Lal, “Excavation at Hastinapura and other explorations in the upper ganga and
Sutlej basins 1950-52;New light on the dark age between the end of the Harappa culyure and the
early historical Period,” in Ancient India: Bulletin of the Archaeological Survey of India,

n0.10-11(1954 & 1955): 23.
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49R.C.Tripathi, Indian Archaelogy 1984-85: A Review (New Delhi: Archaeological
Survey of India, 1987), 91.
5OY.D.Sharma, “Exploration of Historical sites,” Archaeological survey of India:

Annual report 1911-1912 (Calcutta: Superintendent Government, 1914), 146.
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9
. nud 1hn: 1hameesn ae: nsnszuendu 6167: nsInan Wig: WIegiaig
=1 d' a 1 Y ~
HUVRVOUYUEY BonUTNU N aeYeINIY §IU: NUITEY
9 '
v, nad 1n: 1hnmeeen Ao: n3anszuendy 16: NIIHAUNTASI WIE: WY
n3esnUiveuyuguesnuInadIulawueINIY g1u: AuGen N3
' dy a 1A Y Y g} a aaa Y
ANUAL: MBULTOAUTNMIANUAININBNAIINIMAILNAUTIAYINY
9
. nad 1n: 1hnmeeen Ao: nsanszuendl 418: nsanay Wie: Wigzilaig
=1 d' a 1 Y ~
tUVRvVOUYUENBDNNLINU N8R INIY §IU: NUITEY
Y gl =~ A o o =
A widenswni thn: ihnuaviiveuyubuesnul Av: NINTEVBN A162: NIIT
9 ]
HWIAT WIE: WD UTV DY UBUeRNIIUTNAdINawURINIY gIU: AU

1 dy a = = g’ = = =
NAN NITANUAN: IUDAUASIDYATUINA-LHADI LVYUTLIAN



26

sradlusiananilug (Devnimori) 114330%51% (Gujarat)
Y = ] ~ ~ v = 1 dy Y A

msyadumeTusunalugedl we. 2503-2506 fvia Tusimaaudail laden
& dd o y & A2 < v < ' 2 @
nunRmhn AU unARug NI INNT Fannsyaduiununguein s i uman
ANUVIMAUINNT 01gaNeogIuT1INNTANITITHN 8/9-13/14 (3" /4" century A.D.-8"/9"

51 £ Y S o v Qy 1 9 3’

century A.D)" 3lumsyadunialusianadanarwurudivilinvesnionsuiii uay

9
FUAIUNIBVDINUNAY

] £4 b4 ]
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11: R.N. Mehta and S.N.Chowdhary, Excavation at Devnimori: A Report of the Excavation
conducted from 1960 to 1963 (Baroda: Department of Archaeology and Ancient history, Faculty

of Art, M.S.University of Baroda), 78, 85.

"R.N. Mehta and S.N.Chowdhary, Excavation at Devnimori: A Report of the
Excavation conducted from 1960 to 1963 (Baroda: Department of Archaeology and Ancient

history, Faculty of Art, M.S.University of Baroda), 11.
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11: R.N. Mehta and S.N.Chowdhary, Excavation at Devnimori: A Report of the Excavation
conducted from 1960 to 1963 (Baroda: Department of Archaeology and Ancient history, Faculty

of Art, M.S.University of Baroda), 78, 85.
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Postgradute&Research Institute), 68, 80.

9 9 v
0. FUAIUWIWNTIATI HDUNIINTzUon Wolusuimusssuanen2 s1nsd
ANTT8N1-4 HTOT1INNFAAITTHN6-9
iy 1 @ A v A ' <3|
v, Fudiuwireglaie Walusiuaddutdygiudietssziuniegilaig
E4 v 1
n3anszuen Wulusuiausssuaiien2 51T AN TEN1-4 NT0T1INNT
1 9
AN3T8N6-9 NMIANUAL TasnNIINIhAUFIA
9 k4 [ 1
A sudrunud nolusuTausisuid 51905a/A2558N10 13051905
% =

{ o o IS a
ﬁ@]jii]&lﬁls 191 U Lﬂuyuﬂm VINIUNANNBUS WIY: NIIATI LUD

9
NINANIZUDN NITANLA: nhAuaua

7 D.Ansari and M.S.Mate, Excavations at Dwarka: 1963 (Poona: Deccan College

Postgradute&Research Institute), 29.
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SSS.A.Sali, “A Potter’s Kiln of Jorwe Culture from Daimabad,” in Madhu: Recent
Researches in Indian Archaeology and Art History (Delhi: Agam Kala Prakashan, 1981), 59.
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Tbid., 61.
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N B.K.Thapar, Indian Archaelogy 1978-79: A Review (New Delhi: Archaeological Survey
of India, 1981), 48.
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(Bhogavardhana)1973 (Napur: Aurangabad, 1974), fig. 6, 8, 17, n. pag.
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41: Shantaram Bhalchandra and Ramesh Shankar Gupte, Excavations at Bhokardan

(Bhogavardhana)1973 (Napur: Aurangabad, 1974), fig. 8, 17, 19, n. pag.
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aordud 22 Auaasduviannunguiininean (Pitalkhora)
EhE M.N.Deshpanda, “The rock-cut caves of Pitalkhora in The Deccan,” in Ancient India:

Bulletin of the Archaeological Survey of India, n0.15(1959), plate XLVI.

® M.N.Deshpanda, “The rock-cut caves of Pitalkhora in The Deccan,” in Ancient

India: Bulletin of the Archaeological Survey of India, no.15(1959): 90.
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HRINT1ZHAB1IT50 (THIN SECTION DESCRITIONS)
Tagornsdszananayl Fugiaw fifoamafiaudgadag @
dninsnemandiiemsiianniiny nsuiannin

1. undsTunaningsiin suneaziath Saniawan
TH1/18
1. Basic mineral components
c/f limit at 10 um , ratio of 20:80
Coarse fraction : The mineral grain almost are single quartz grains, silt
size to medium sand size, angular to subangular ;very few micas , moderately sorted.
Fine fraction : Yellowish brown grading to dark brown, clay to fine silt
size material ,dotted appear under transmitted light.
2. Basic organic components
Common highly decomposed plant tissue residues and amorphous
organic fine material, frequent organic pigment and punctuation.
3. Groundmass
The c/f related distribution pattern is open to close porphyric , the b-
fabric of the micromass is weakly stipple speckled to undifferentiated.
4. Void patterns
Generally are vughs , various size and irregular shape, and not
interconnected. Estimated total void space is 10% of the area of the thin section.
2. u¥adlUsUARUIEBY S1NBAIZY3 JIHTAWIN
TH2/18
1. Basic mineral components
¢/f limit at 10 un , ratio of 10:90
Coarse fraction : The single quartz grains, sized very fine sand to
medium sand are dominant subangular to subrounded, very few feldspar and micas, well sorted .

Few iron oxide nodules, sized up to 500 pm.
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Fine fraction : Yellowish brown at the inner part grading to dark brown
at the outer part, clay to fine silt sized material, dotted and speckled appear under transmitted
light.

2. Basic organic components

Few amorphous organic fine material. The organic pigment usually

accumulated at the outer part.
3. Groundmass

The c/f related distribution pattern is open porphyric, the b-fabric of the

micromass is mosaic speckled b-fabric to undifferentiated.
4. Void patterns
Voids mainly are vughs and channels, usually have parallel orientation.

Estimated total pore space is 25% of the thin section area.

TH 3/18
1. Basic mineral components
c/f limit at 10 pm , ratio of 25:75
Coarse fraction :The mineral grains mostly are quartz grains, silt size to
coarse sand size, angular to subrounded ; poorly sorted; rare micas and tourmaline
Fine fraction : Pale yellow grading to yellowish gray, clay to fine silt
sized material dotted and speckled appear under transmitted light.
2. Basic organic components
Some plant tissue residues remain in voids, few organic pigment and
punctuation.
3. Groundmass
The c/f related distribution pattern is close porphyric, the b-fabric of the
micromass is mosaic speckled b-fabric.
4. Void patterns
Few vughs and chambers; estimated total void space is 10% of the area

of the thin section.
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3. wriadlunanATIUaE S NN JIHTAUATITIN
TH4/18
1. Basic mineral components
c/f limit at 10 pm , ratio of 20:80
Coarse fraction :The mineral grains mostly are single quartz grains,
mainly are silt size to fine sand size, few medium sand size, angular to subrounded ; moderately
sorted
Fine fraction : Dark brown, clay to fine silt sized material, dotted to
cloudy appear under transmitted light.
2. Basic organic components
The highly decomposed plant tissue residues and the organic pigment
staining to the micromass are abundant, few husks remnants remain in voids.
3. Groundmass
The c/f related distribution pattern is open to close porphyric, the b-
fabric of the micromass is mosaic speckled b-fabric to undifferentiated.
4. Void patterns
Common vughs and channels, not interconnected and usually have

parallel orientation. Estimated total void space 30% of the thin section area.

4. uvadluNUNASIINE SuNeIes JanIauasilgy
TH 5/18
1. Basic mineral components
c/f limit at 10 pm , ratio of 15:85
Coarse fraction : Quartz grains, single and polycrystalline quartz are
dominant and generally and fine sand to coarse sand size, angular to subangular, few micas and
very few feldspar, poorly sorted. The pseudomorphic and typic iron oxide nodules, sized up to
400 pm with sharp boundaries present about 10% of the area of the thin section
Fine fraction : Dark yellowish brown grading to reddish brown, clay to
fine silt sized material, dotted and speckled appear under transmitted light.

2. Basic organic components
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Generally are the organic pigment staining to the micromass, frequent
amorphous organic fine material and punctuation.
3. Groundmass
The c/f related distribution pattern is open to close porphyric, the b-
fabric of the micromass is stipple-speckled b-fabric.
4. Void patterns
Few wvughs, various size and irregular shape, cover about 5% of the area

of the thin section.

TH 6/18
1. Basic mineral components
c/f limit at 10 pm , ratio of 15:85
Coarse fraction : The mineral grains mainly are single quartz grains,
fine sand to medium sand size, subangular to rounded few polycrystalline quartz grains, well
sorted. The reddish brown to dark brown iron oxide disseminated through out s-
matrix mottles sized 50-200 pm.
Fine fraction : Yellowish gray grading reddish brown, clay material and
speckled appear under transmitted light.
2. Basic organic components : none present.
3. Groundmass
The c/f related distribution pattern is open to close porphyric, the b-
fabric of the micromass is mosaic speckled b-fabric.
4. Void patterns
Few planar voids, 20-100 pm width and very few vughs. Estimated

total void space 2% of the area of the thin section.

TH 7/18
1. Basic mineral components

c/f limit at 10 um , ratio of 25:75
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Coarse fraction : The mineral grains mainly are single quartz grains,
fine sand to very coarse sand size, angular to subrounded few micas, poorly sorted. The iron
oxide impregnative nodules, sized up to 500 pm present about 5% of the area of the thin section.

Fine fraction : Reddish brown grading to dark reddish brown ,clay sized
material cloudy appear under transmitted light.

2. Basic organic components

The organic pigment staining to the micromass generally present at the

central part of the thin section.
3. Groundmass

The c/f related distribution pattern is open to close porphyric the b-

fabric of the micromass is undifferentiated b- fabric.
4. Void patterns

Few vughs which present about 2% of the area of the slide.

TH 8/18
1. Basic mineral components
c/f limit at 10 pm , ratio of 10:90
Coarse fraction : The grains mostly are single quartz grains, silt size to
coarse sand size angular to subrounded, very few quartzite rock fragments; poorly sorted.
Fine fraction : Dark yellowish gray, clay to fine silt sized material,
dotted appear under transmitted light.
2. Basic organic components
Common the amorphous organic fine material punctuation and the
organic pigment, few highly decomposed plant tissue residues (probably husks).
3. Groundmass
The c/f related distribution pattern is open porphyric, the b- fabric of the
micromass is mosaic speckled b- fabric.
4. Void patterns

Generally are vughs, few short planar voids. Estimated total porosity.
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5. ynaslusanATIugiied 0.0uN3Yy3 v.deHYy3
TH 9/18
1. Basic mineral components
c/f limit at 10 um , ratio of 10:90
Coarse fraction : The mineral grains almost are single quartz grains,
very fine sand size to medium sand size, angular to subrounded, few metamorphic quartz rock
fragments sized 400-1000 pm, very few micas (muscovite and biotile) rare feldspar and
pedorelicts (sized 500 um); moderately sorted. The weakly to strongly impregnative iron oxide
nodules, various size and irregular shape present about 10% of the area of the thin section.
Fine fraction : Dark yellowish brown grading to dark brown in the
central part, clay sized material, dotted and speckled appear under transmitted light
2. Basic organic components
The organic pigment staining to the micromass and punctuation are
common, frequent amorphous organic fine material.
3. Groundmass
The c/f related distribution pattern is open to close porphyric, the b-
fabric of the micromass is mosaic speckled b- fabric.
4. Void patterns
Few vughs and short planar voids and cover about 2% of the area of the

slides.

TH 10/18
1. Basic mineral components
c/f limit at 10 um , ratio of 2:98
Coarse fraction : Generally are single quartz grains, silt to very fine sand
size few sericite ; well sorted. The iron oxide impregnative nodules, sized up to 300 pm cover
about 5%.
Fine fraction : Yellowish brown grading to reddish brown and
yellowish gray, clay to fine silt sized material, dotted and speckled appear under transmitted light.

2. Basic organic components
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The amorphous organic fine material, punctuation and the organic
pigment staining to the micromass generally associated with yellowish gray fine material.
3. Groundmass
The c/f related distribution pattern is nearly clay monic, the b- fabric of
the micromass is stipple speckled grading to mosaic speckled b-fabric.
4. Void patterns
Generally are vughs and shot planar voids, occupy about 5% of the area

of the thin section.

6. WHATUSIUARAIINN 0.A3MW VINT Y50
TH11/18
1. Basic mineral components
c/f limit at 10 pm , ratio of 5:95
Coarse fraction : The mineral grains mostly are quartz grains, mainly
single quartz and few polycrystalline quartz, silt size to medium sand size, angular to subangular;
moderately sorted.
Fine fraction : Dark yellowish brown grading to reddish brown, clay
sized material, dotted and speckled under transmitted light.
2. Basic organic components
The highly decomposed plant tissue residues (husks) and the amorphous
organic fine material are common, frequent punctuation and the organic pigment staining to the
micromass.
3. Groundmass
The c/f related distribution pattern is open space porphyric, the b- fabric
of the micromass is mosaic speckled b- fabric.
4. Void patterns
Mainly are channels (100-150 pm width) few vughs. Estimated total

void space 15%.

TH12/18
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1. Basic mineral components
c/f limit at 10 um , ratio of 10:90
Coarse fraction : The mineral grains mostly are single quartz grains, silt
size to medium sand size, angular to subrounded, moderately sorted.
Fine fraction : Dark yellowish brown grading to dark grayish brown,
clay to fine silt sized material, dotted and speckled appear under transmitted light.
2. Basic organic components
Generally are the amorphous organic fine material and the organic
pigment staining to the micromass, few the highly decomposed plant tissue residues (husks)
remain in voids.
3. Groundmass
The c/f related distribution pattern is open to close porphyric, the b-
fabric of the micromass is undifferentiated b- fabric.
4. Void patterns
Generally are channels (50-100 pm width) and usually have parallel

orientation. Estimated total void space 15%.

7. uHadl U IUAANDNT 1AM 0.91109 2.NITMYS
TH13/18
1. Basic mineral components
c/f limit at 10 pm , ratio of 15:85
Coarse fraction : Dominant in quartz grains, single and polycrystalline,
frequent micas, few feldspar and granite rock fragment, silt size to very coarse sand size, angular
to subrounded; poorly sorted. The iron oxide impregnative nodules; sized up to 1,500 pm cover
about 5% of the area of the thin section.
Fine fraction : Reddish brown grading to dark reddish brown, clay to
fine silt sized material, dotted and speckled appear under transmitted light.
2. Basic organic components
Few the amorphous organic fine material, punctuation and the organic

pigment staining to the micromass, generally present in the central part of the thin section.
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3. Groundmass
The c/f related distribution pattern is open to close porphyric, the b-
fabric of the micromass is mosaic speckled b-fabric.
4. Void patterns
Generally are vughs, various size and irregular shape. Estimated total

void space 10%.

TH 14/18
1. Basic mineral components
c/f limit at 10 pm , ratio of 15:85
Coarse fraction: Dominant in quartz grains, single quartz and the
polycrystalline quartz, silt size to coarse sand size, angular to subrounded; poorly sorted; few
feldspar and micas, very few granite rock fragments. The iron oxide impregnative nodules sized
up to 300 um, present about 5% of the area of the thin section.
Fine fraction : Yellowish brown, clay sized material, dotted and
speckled appear under transmitted light.
2. Basic organic components
Few punctuation and few organic pigment staining to the micromass.
3. Groundmass
The c/f related distribution pattern is open to close porphyric, the b-
fabric of the micromass is mosaic speckled b-fabric.
4. Void patterns

Few vughs, and not interconnected. Estimated total void space 5%.

8. uradlusiamadudin aanvadg s.anys
TH 15/18
1. Basic mineral components
c/f limit at 10 um , ratio of 10:90
Coarse fraction : The mineral grains generally are single quartz grains,

silt size to medium sand size, angular to subrounded, few polycrystalline quartz, poorly sorted.
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Few iron oxide impregnative nodules sized up to 700 pm, present about 5% of the thin section
area.
Fine fraction : Yellowish brown grading to dark grayish brown and
reddish brown, clay sized material, dotted and speckled under transmitted light.
2. Basic organic components
The highly decomposed plant tissue residues (husk) are common,
frequent amorphous organic fine material and punctuation. The organic pigment is locally
staining the micromass.
3. Groundmass
The c/f related distribution pattern is open to close porphyric, the b-
fabric of the micromass is mosaic speckled b-fabric.
4. Void patterns
Mainly are channels after husk burning, few vughs. Estimated total

void space 20%.

TH16/18

1. Basic mineral components

c/f limit at 10 pm , ratio of 10:90

Coarse fraction : The mineral grains mostly are single quartz
grains, very fine sand size to medium sand size, angular to subrounded; moderately
sorted.

Fine fraction: Dark reddish brown (at the surface, thickness
about 500 um) grading to dark gray in color, clay sized material, cloudy appear under
transmitted light.

2. Basic organic components
Abundant in the organic pigment staining to the micromass

3. Groundmass
The c/f related distribution pattern is open porphyric, the b-
fabric of the micromass is undifferentiated.

4. Void patterns
Mainly are vughs, frequent short planar voids and generally
have parallel orientation. Estimated total void space 20% of the area of the thin
section.

TH 17/18
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Similar to the sample No. TH15/18 but the highly decomposed plant tissue residues
(husks) are decrease and the channels after husk burning are also decrease too. Estimated total

void space 10%.

TH 18/18
1. Basic mineral components
c/f limit at 10 pm , ratio of 10:90
Coarse fraction : the material grains almost are quartz grains, mainly
single quartz and few polycrystalline, silt size to very coarse sand size; very few granite rock
fragments (sized 400 um) which consist of micas and quartz; poorly sorted. The iron oxide
impregnative nodules and iron oxide aggregate nodules sized up to 1000 um present about 10%
of the area of the thin section.
Fine fraction : Dark yellowish brown grading to dark brown, clay to fine
silt sized material dotted and speckled appear under transmitted light.
2. Basic organic components
Generally are the organic pigment staining to the micromass.
3. Groundmass
The c/f related distribution pattern is open to close porphyric, the b-
fabric of the micromass is stipple speckled b- fabric.
4. Void patterns
Few channels, usually show parallel orientation. Estimated total void

space 5%.
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