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CHAPTER |

INTRODUCTION

1.1 Rationale

The Asian monsoon s / portant components of the Earth’s
modern climate system. rols clima d the Indo-Pacific realm where

people depend on mai ely active region can result

in severe drought or ebster et al., 1998, cited

in Wang, 2005). Thu pulation’s livelihood. The

Asian monsoon syste roughly divided at 105°E:

the Indian (or Sou al monsoon system; and

the Southeast (or E pical-subtropical monsoon

system. These are link : SSpONC > strength of the continental high-
and low- pressure cells, w oW and- \ onally over the Asian landmass (Wang

et al., 2005). Monsoon Clrculatl i ed on the basis of seasonal change (cold, dry
= J,.-‘J i- ...n"

winters and warfmy, we ) ind @nd precipitation. These

L

indirectly inﬂuencema physics,

land surface prooesses and can be preserved as distinct signals in geological archives
such as . lott et al., 2007),
lakes anﬂuﬁg ﬂﬂanjHerzsczuj jﬂﬁ(ong et al., 2003;

et a spel o em 2008,
ChUlER il BikiialkIHiarS e

Buckley et al.,, 2007) and ice cores (Thompson et al.,2000). These geological archives

-
it éf records, but they can

gy O theBrrounding ocean, and of

therefore preserve indirect, or proxy, measures of past monsoon variability (O’Sullivan and



Reynolds, 2004).

Thailand occupies an area between 5° — 20° N and 97° — 105° E and is situated at

b

and impact of the Asian em. TF

the boundary between two monsoon s tems and in close proximity to the Western

Pacific Ocean. Thus, Thailand i tter understanding of the dynamics

pical Convergence Zone (ITCZ)

e
‘
ion dur

@ southerly direction during

northeast and the sout < > i . The Southwest monsoon

moves over Thailand in

September. The climate

brings high humi during mid May to mid

October and coin ontributes with additional

o R
. . . i | ymns I-i_lsr

situation is therefore special, becaus e-the c are

. . il .-- '!77- | .

almost the same_perlod derived.from é {I, thwest 00N and the tropical cyclones.

ources of precipitation, exist during in

-
ThIS theS lf‘f‘ g 1gKe seqlr

7 ,@' Udon Thani Province,
Thailand as an arﬂe 0

monsoon, and paleoenvironmental changes in the lake itself. Detailed analyses of the
‘o v/
fossils, Tﬂlyaﬂpwacﬂﬁ]t1qulh{ﬂh€rn ents allow us to
reconstr MO t an tchment "processes. sediments ‘can therefore be
extremely important archives for rec&structin past élifnatic and environmental changes
ivan

o8 QR LIETE glep it al ) T

sediments in Nong Han Kumphawapi are around 14350 year B.P. old and that they can be

O betw past changes in Asian

used to reconstruct the paleocenvironment and human environment interactions since the



late Pleistocene. This thesis also presents aerial photo interpretations, as well as
topographic, land use, soil and geology maps to reconstruct paleogeography of the area.

These give a better understanding of the changing geographical feature and of the

paleogeography of the area.

1.2 Objectives g —

The purpose ip between past changes in

Asian monsoon, ge |_paleoenvironment of Nong

Han Kumphawapi.

® The study area i m : Wépi 1 Udonthani Province.

® Analyses o

-

o
-

A™E 1)

® Acrial photo Y reconstruction

¥

14 Locatlo of the

AT aNINYIDT e

southweste part of the Sakon Nakorirbasm (Figure 1. &approxmately 36 k@outheast of

R QAU AN TR B -

roxmately 160 — 170 m a.s.l. It occupies a broad alluvial floodplain with a low local relief

U

and is surrounded by hills rising to over 200 m a.s.l. Kumphawapi is a shallow lake with a

water depth of < 4 m. It is about 13 km long from north to south and about 5 km wide from



east to west. Altogether 11 small streams drain the surrounding low hills, including Huai
Phai Chan Yai, a primary inflow which originates in the northwestern part of the Phu Phan

mountain range and flows into the northeastern side of the lake. Runoff from Huai Phai Chan

n'iNto / °30 River.
\ ~ paceee
- r > =

Yai and numerous streams drain sot

910000 92060(

1920000

1910000

1900000

1890000

1880000

1870000

- LAKE
‘— Stream

WW]’J LAGE)

- Low :0

Figure 1-1 The location of Nong Han Kumphawapi (digital data from Thai Royal

Survey).



1.5 Expected output
The expected outputs of this thesis consist of:

® Change in lake geography during recent time

® | ake sediment stratigraph

® Paleoenvironment

1.6.1 Preparatio
This step includes
® Literature review of t erelated rese dy area, in northeast Thailand,
and in other countries. = '

u £ .-: ..E
® Acquisition dy of the previ acquisition, i.e. aerial photos,
topogra .&r@* nd-use map (o --ﬁm-h-;'r' ography and land use
i1
|

1.6.2 Map reg‘b uction

FHHANENINGINI,
oY ar il oy iae s

information system (GIS) and remote sensing (ArcGIS 10 and ERDAS IMAGINE 8.5)

pattern o

are applied in developing, manipulating, and analyzing the digital data.



1.6.3 Field investigation

This step includes:
® Survey the surroundings of Nong Han Kumphawapi based on the L7017 series

1:50000 map.

® Sediment cores were corer (chamber @: 10 cm and 7.5

. Coring was made along several

m longer distances. The most
;....&\ i-proxy sub-sampling in the

cm, chamber lengths
transects to be.
complete se

laboratory.

\ \ ribed by its physical
by H. von Post (1862).

properties, by ' shrterm, introduce

on-destructive, high-resolution (<0.5

A

mm) magnetic sus ibility AMS)- an ay escence (XRF) analyses on all

selected sequences. M ighetic ﬁ ept S used as a relative proxy indicator for
*’—

L

variations in the composition-of lake s especially in the content of iron-

bearing “minerals. Magnetic_minerals in-lake-sediments-can.be derived from many
sources, such @ osoil, and topsoil in the lake

.

drainage bas

and the measurements thus provide information on the mineral input

from oatohmer{ fun-off. MS was measdred with the MSCL core logger. XRF

Bl b A b2 Voo bk s . s o

CorMbute information on Ca?hment processg atmospheric depgsition of lake

ARG TR A A TINE T~

instruments are available at the Department of Geological Sciences at Stockholm

University.



Loss-on-ignition (LOI) analysis allows estimating the organic matter and
carbonates content of lake sediments, and thus gives information about the nature
of the sediment and sediment sources (e.g. in lake organic matter sources, paleo-

productivity). LOl is expressed peircentage of the dry weight of each sample. LOI

analysis was performed on t . ediment sequence. Samples were
taken in contiguous 1 em ir ume of ca. 3cm’.

The remaining-core fragme ‘e sub-sampled in contiguous 5

cm intervals F{ 0,0 ‘\ \'\,; chronology. The samples
were selec \\ \ ‘

. 14
were mea . The resulting C dates were

dating. These samples

then calibrat i . A\l ra ( =terminations are presented

1.7 Components of

. . (s on a R .
This thesis is composes.0f6 chapters, g this introductory chapter 1. Chapter

2 contains reviews of prewou #ﬁ ies Qf‘" rr adjacent areas. The application of

remote sensing ang G : e diso briefly reviewed. The

ia

site description L%o_-"‘!. ' including location and

topography, geolo r 4 provides all methods

ﬂ/ g . h
which were used in is study. The chapter starts with GIS anE map reconstructions and

then pr rocedur laborato lyses. The Previous
mvestlgaﬁ Q ﬂter ur ﬁﬁ ﬁsed on the data

preparatlo&nd the different analytgal steps, the results are presented in chapter 5.

AT NITSHNRTIMYNA Y



CHAPTER 1l

LITURATURE REVIEW

This section will review , ast Asian monsoon variability and b)

The previous studies for nt and Paleoclimatic change of
Nong Han Kumphawa [ ce. m over Thailand have limited
information, however [ respect to past monsoon
intensity and pale , Kealhofer and Penny,

1998, Penny, 199 hofer, 2005).

Over million mons ~ are controlled by the tectonic
uplift of the Tibetan Pla i Jes the ( st between the Indian Ocean
and the southern Asian inlgnd: ’ o ). time scales of thousands to

hundreds of thousands of yeam

cycle of insolation. inte iability is caused by physical

N —Southern Oscillation

gtons (wﬁ; et al, 2003). These

controlled by the 23 ka precession

o

processes inter ﬁf

(ENSO) and Iocaﬂxtmos =

processes occur on tm&e scales that are most |mportant from a human perspective, but are

-~ AN YNINYINT

De@al to millennial-scale varlablllty in monsoon precipitation and its underlying

TR ASTE e

monsoon regions have added new knowledge to our current understanding of the factors

that controlled inter-annual to millennial monsoon variability in the past and provide



important constraints for climate modeling scenarios (Overpeck and Cole, 2007). In
contrast, the spatial and temporal pattern of sub-millennial scale monsoon variability and its

impact on land cover in SE Asia are still unresolved. This shortcoming stems from the fact

that temporally well-resolved pale tudies are missing for large parts of SE

Asia. Given that global an singly use terrestrial paleo data

Earth systems.

Speleothe a et al.,, 2005), Yemen
(Shakun et al., i ! n P )7 nd marine records from the
Arabian Sea (Sirocko J : . .7 ';l ) ean (Rashid et al., 2007) suggest a
strong coupling bet
on sub-millennial time ing _i : " X kened (increased) Asian summer

monsoon during cold (w als. The observed relationship

between Asian monsoon varl_g@ q@dﬂ'

the Last Glaolal

orthern Hemisphere intervals during

yra asport of cold air from

'! iberian High which led

the Atlantic regi
to a stronger north@t (winter) m oon. Lowe T over the @stern Pacific on the other

hand would have oaus‘d&reduced sea-land gﬁe}mal contrast resulting in a weak summer

— AU IR AR T

|nterstad|a1]ntervals

IR f’H@fﬂﬂ‘? TR k4
tfq end of the La lacial period (ca see e.g. summaries by (Wang et al,,

2005; Morill et al., 2003)) imply terrestrial and aquatic ecosystem response associated with

changes in monsoon strength and intensity, but also dependent on local/regional controlling



10

factors, such as e.g. sea level changes and ecotone boundaries (Hope et al., 2004). Drier
climatic conditions caused by the strong northeast monsoon during the LGM led to a

depression of the tree-line, expansion of high-altitude montane forests and grasslands, and

increased fire intensity (Hope et al. t increase in summer monsoon strength

and higher moisture availabili y #; change in vegetation and also
triggered higher lake leve h eul 2 - I |, 2001). However, the decadal

to centennial-scale rely observed in lacustrine

archives. Moreove ders it unclear how the

observed shifts in v changes reconstructed

in other archives. Ve ., 2007)'(Hong et al., 2003)

and Japan (Nakagawa hanges in monsoon intensity

were partly in conc partly off-set. Transitions

between different mon radual (Shakun et al., 2007)

and may even have lasted. ir North Atlantic counterparts.

The distinct increase in s

u@S@i ~11.5 ka, resulting from a rapid

itma ie ure.in many paleo archives

across SE Asia @il el al, 2009). el the response 1o the

strengthened summH monsoon was abrupt or gradual, synchr@sus or asynchronous over

[
o

northward shift Q

Asia. This issue is diﬁi‘u&) constrain based w ‘C-dated archives with a poor temporal

10 HE RGBT o e

, 2004) as such precise age aSS|gnments and Correlatlons between archlves Also

TSI g T

constrained. Whether the monsoon weaken gradually (Fleitmann et al., 2007) or abruptly

(Morill et al., 2003; Abram et al., 2007) during the mid-Holocene and whether this decline
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was synchronous or asynchronous is therefore still debated. Lake levels and vegetation in
Indonesia (Dam et al., 2001), China (Herzschuh et al., 2005; Hong et al., 2003; Wang et al.,
2007 and Morill et al., 2006), India (Sinha et al., 2006), Taiwan (Liew et al., 2007) and the

Australasian region (Hope et al., sponded to the general trend of a strong early

Holocene monsoon and to the gradual weake he mid-late Holocene. But these
studies rarely exhibit the i nniql‘shiftsmsp intensity suggested from

ich 1 pl&m high-latitude temperature
variations, variatio atmospheric circulation

(Gupta et al., 2003;

region. Indeed, EI-Nifo li ( jons-in. ’ : weakened the Asian monsoon
in the 1700s (BTJCk|ey et alﬂw ,- . € measured on tree rings from central
Thailand (Hu et &004 follows a Sou 0t ring parts of the Little Ice
Age, when studies W
22 The previm

studies aleogeography, 'ﬂaleoenvironment and

isphere climate.

Paleoclimatic changé of:Nong Han Kumphawapi, Udon Thani Province.

evidence fmn pollen and charcoal. 1?@ dating based (ﬂ)ollen concentratewturned age
R AL M R
sﬂggesting oxidation and a dry périod. The sediments déting to c. 9,500 — c. 10,200 years
BP were dominated by Pinus, Celtis and Uncaria/Wedlandia type (lowland forest). Since,

regional vegetation species were poor (17 aboreal pollens), Penny (1999) suggested
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flooded or permanently water-logged conditions. Nong Han Kumphawapi was probably an
open water lake with high energy sediment transport and sparse and open vegetation

around the shore. Higher precipitation due to a relatively stronger southwest monsoon

circulation is interpreted from the cl ange yju nous lacustrine clay and the increase in

sedimentation rate. At 9,800 yea B.I & taxa become dominant and the

pollen diversity increase 7 dly. &ets this as a change in
. ;

ous forests expand. The

appearance of mix
B.P. suggests clim ‘substanti e ht | than present. Between c.
6,400 and c. 6,600 ye r 7 Ss .I S a dra decrease in lowland forest
taxa, while Pinus and . 'f : se together with charcoal particles.
This suggests a d %" ( e frequent, widespread, or more
intense fires. The incr .ﬂ--- 7' fore decline in charcoal particles
ent of dryland forests and an
expansion of secondary for_eye,!t: : 77 S1USIO this. study provided the first picture of
environmental o_: ge t inte

-
present in the Sakon.

1 the late Pleistocene to the
X )

J8), who combinm pollen and phytolith data

AccordingEKealhofer and Pe

from the same core, th"lﬂ Pleistocene ( betWﬁ >14,000-<8,250 year B.C.) environment

oo R B P e

and swammforest communities. Ear Holocene (ca. 8000 7,000 year BC ) vegetation

TRTENTI AN

regimes during the Middle Holocene (ca. 7,000-3,000 year B.C.) is indirect evidence for

agricultural activities. During the Late Holocene (3,000 year B.C.-Present) reduction in dry-
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land forest and the subsequent establishment of secondary-growth forests, suggests a

further change to burning regimes.

White (2004) reported data fro 3, which is one of the sediment cores from

Nong Han Kumphawapi, and whict ect of several publications (Kealhofer,

) ; yi

woal particle concentration

of the study area and adj E e f the lake have an age of

1996; Penny et al., 1996; K 1999). White (2004) combined
the data from pollen a

(Penny et al., 1996; 1999)

having become _more humid o) nce and diversity of forest pollen

types increase @

-;-""l'mldﬂll—'ulnnl-m:ﬁ-?-ﬁej 7100 B.P. uncal. The
i ‘?}‘

environment of this_pe cidugus/dry evergreen forests
(Penny, 1998). The*middle Holocene (170 cm depth) pollen taxon diversity is more than
double tha ﬁrecorded dﬂlg the terminal Pleistocene. The early to middle Holocene

s’ b ek brorboleddel ol 4 s ks Boer, e

(1996) clalms that charcoal concengatlons suggest gnlng and human ywmes This
TR I WAR VTN B IR
p k in microscopic charcoal concentrations at 90 cm depth. Concident the diversity of
dryland tree pollen taxa decrease dramatically The high charcoal zone ends around 60 cm

where the beginning of Late Holocene (ca 1,800 B.C. cal.) is. Here the charcoal
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concentrations have fallen relative to the very high values observed between 90 and 60 cm
depth. The environment around Nong Han Kumphawapi was dominated by a swamp and

forest trees. Around 890 B.C. cal. (2690£70 B.P. uncal.) some pollen taxa reappear and

suggest a recovery phase in forest co er, the relationship between paleoclimate,

paleoenvironment and cultural history of this region.s d to be discussed, especially in
respect to the archaeological evidence fo cie&plant cultivation in the Sakon

Nakhon basin. w

There are two groups of | [ f o

A) According to Highan g d E . Jricu u e appeared during the later
part of the 3" millenium B« \\‘\ disturbance and when the
amount of charcoal /decre S shary .' 0 \ sed primarily on dates in

Thailand and elsewhe ssociated with a particular

B) White (1986, 1987) sugge ~,,r : d during the 4" millennium B.C. cal.

This suggestion is<based primarily on dates from basal depesits in/Ban Chiang and Ban

ey
Y Y}

Tong, two long-term se

.II I’I
|
i- v

ﬂUEJ’JVIEJTIﬁWEJ’]ﬂ‘i
ammn‘imumqﬂmaa



CHAPTER 1l

SITE DESCRIPTION

3.1 Location and Topography

This chapter will foc ion of Thailand where Nong Han
Kumphawapi, - &n region (Isan) is one of six

Department of Geelog 1 ] Resource ] ind). The plateau lies between

latitudes 14° and 19° vden 101° and h W cer shape” is often used to

where it is 65 m a.s.l. (Thrir ongkor=t953) T8 and Dong Phrayayen Mountain
Y sbdonis, - by
ranges are north to south tren 1g-and separal west of the plateau from the central

basin. The Sunkumphang ane-Pherien a,o‘“!nﬁ lountain ranges extend from east to west

and form a boundar eastern part of the Khorat

Plateau is bounded b 1"**-’» the Khorat Plateau

into two basins: th%kon akho ately 58,0@(#) in the north and the

Khorat Basin ( approx;pately 112,000 km in the south (Figure 3-2). Two major fluvial
systems th t and southwest
highlandﬂ uﬁl mﬂm rﬁ w Eﬁ]g:lnﬁwd in the northern
Phu Phan mountam ranges. Both rivegs drain to the soﬂeast and Convergvst of Ubon

W ARONTANI 01N 1 15 13
hr. iver, which is the largest river. It originates in the northern part of the Phu Phan

mountaln range and flows north and east-south-east to the Mekong River. Apart from these

larger river systems a series of smaller streams flow directly north to the Mekong.
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Figure 3-1 Physiographic regions of Thailand (digital data from The Royal Thai survey)
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Figure 3-2 Location and major topographic features of the Khorat Basin and

the Sakon Nakhon Basin (digital data from The Royal Thai survey)
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Nong Han Kumphawapi (17°11'N and 103°02'E) is a natural lake located in the
Sakon Nakhon basin, approximately 36 km southeast of Udon Thani. The lake occupies an

area of approximately 32 km” and is situated at approximately 160 — 170 m a.s.l. It occupies

W

south and its widest part is ast t ether 11 small streams drain the

a broad alluvial floodplain with a low loc nd is surrounded by hills rising to over 200

m a.s.l. Kumphawapi is a shall lake. Its length is 13 km from north to

surrounding low hills, i ing ,Phai"wan minﬂow which originates in the
northwestern part of

the lake. Runoff fromsHU ne 1an Yai e MErous s drain south into Lam Pao

River. Most of the la nt communities with an extensive
herbaceous swamp. T ized by a salt mound that
rises 10-15 m above ounding s -o} andawhichlis ¢z an Don Kaeo.
.
There are two theorigs regarding thé

Since .:.f--_——- G the viekong Lnl Ul -JD was built to block

the Lam Pao Rive y-of the lake for dry season
to protect from flooding. The dam was fin

irrigation purposes ished in 1994 and includes

5 floodgates and 124 F‘nﬁpiyke 8 m wide an@d.6' m high) around Nong Han Kumphawapi

v AR A PR T e e

pump statqjs were installed to pump water from the lake into the irrigation canal systems

all] SNjietyb i iinieh i iaF )



Table 3-1 The properties of Nong Han Kumphawapi after the dam was built.

Nong Han Kumphawapi reservoir

Runoff water | F , illion m° per year

Trough level m

Catchment volume

ﬂ‘lJEJ’J‘VIEWI‘iWEJ"Iﬂ‘i

QW']ﬁ\iﬂ‘iﬂJ!JWl’mEl'lﬁﬂ
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Figure 3-3 Arial photos from 1996 of Nong Han Kumphawapi after the dam was built (data

from The Royal Thai Survey)
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3.2 Geology

3.2.1 Khorat Plateau
The Khorat Plateau is located on the Indochina microplate and includes the Sakon

Nakhon Basin (approximately 58,00

(approximately 112,000 km?) w

Phan anticline which is no uthwest

the northern part and the Khorat Basin
two basins are divided by the Phu
plateau is a broad syncline

bounded to the west b ai mla!)plat

@or’th by the South China Plate

T
1o

.South China

(El Tabakh, 1999) (Fig

MYANMAR

------

s

728 9N AT 2084 8

= Plate boundary

Figure 3-4 The general tectonic elements of the region and the location of the Khorat and

the Sakon Nakhon basins (after El Tabakh, 1999).
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Much of the sedimentary succession of the Khorat Plateau is a non-marine red bed,
called the Khorat Group. It is a terrestrial deposit of Mesozoic age and consists of siltstone,
sandstone, mudstone and conglomerate with a thickness of 4,000 m. These Late Triassic to

Cretaceous-Tertiary sediments overli roded upper Paleozoic sediments (Figure 4).

An important formation that i t day geomorphology is the Maha

Sarakham Formation beca soluti &

of the Department of Mi es ofThailand, the Kherat Group can be divided into 9

sequences. Following the report

formations (figure 3-

1.) Huai Hi
This for [ [ ag | ains conglomerates and sandstone
and rhyolite. € Lat formation consists of
sandstone, silts il leaves, bivalves (Euestheris
mansuyi), p aur remains (Buffetaut and
Ingawat, 1982) onformly lied over Permian
limestone, which sugges eT_n S
2.) Nam Pong Formatlgcr;")d—“i

This fo at i glomerate.
Y]

gray_mandstone, mudstone and

3.) Phu \Fg:r

This forﬁtion consists are

conglomerate \ﬁith limestone rock fragment. In the Phu Kradung mountain range, it
o LY,

FURBINININYINT

@ra Wi Han Formation

QRIRRSERIT e Y

) Sao Khua Formation

This formation contains siltstone, mudstone and conglomerate, mixed with sand.
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In the Sao Khua area, its thickness is around 512 m. Gastropods (Naticoid),
bivalves (Trigoniodides sp. and Plicatounio sp.) (Meesook et al., 1995) indicate an
early Cretaceous age.

6.) Phu Phan Formation

This formation is rs of sandstone, alternating with

conglomerates and

7.) Khok Kruat
This form : &% 8d tone and caliche-siltstone with are 709

m. thick.

8.) Maha Sa

This formatio ' iltstone, shale 'dstone and mudstone alternating

with evaporates ayp - & ) and potash salts (sylvinite, carnalite,

halite, tachy i evapc \-‘ ttain a thickness of 200 m, while
the whole Maha Sa ' tl'q is about 60 jick. The salt units occupy an
area of approximately 21,00 --" 2" -,\ akhon Basin (Rau & Sapajanja,

1985) and of approximately 5,000 km Khorat Basin. The salt facies impact
on the surface features_due 1o the dis 0 underlying salt sequences and

P A
diapiric salt'd

and fro 5& 1"

9.) Phu Tokﬂrmatio sl _m

This formatfn consists of reddish f|ne sand stone, about 200 m thick. There is

@uﬁaa e ﬁbw T i

Quaternary sediments on the Khorat Plateau coHst of gravel beds Wlaterltlc Soil

WRINIHUNAINEIR S~

bqen found in Late Cretaceous to Early Quaternary gravel beds. In addition, tektites were

2 late Cretaceous age

found on top of gravel beds and lateritic soils around the Khorat Plateau and indicate an

age of more than 0.7 million years.
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Figlre 8:5 Mesozaoic and Cehozoie stratigraphy 0f the Khorat Basin.in NE Thailand
and summary of the geological history of the Indochina microplate during the Mesozoic and

the Cenozoic (After El Tabakh et al., 1999).
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U ; aceous ﬂ
Mdnwokham formation: siltstone, shale, sandst rock salt
Middle Cretacewous

Kruof formation: co”oroio. sondstone, shale, siltstone

led v ea (RRRE]

m - Igneous Roclst = 'y,

Qﬁ%‘ﬁa Tdol N VT |

q Figure 3-6 Geologic map of Khorat Plateau, including Sakon Nakhon Basin and

Khorat Basin
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3.2.2 The Sakon Nakhon Basin
Sakon Nakhon Basin occupies an area of approximately 1,000 km® and is drained

by the Songkram River and its tributaries originating in the northern part of the Khorat

Plateau (Dheeradilok, 1983). The subs 1, eophysical survey of Manjai (2004) shows

ye Sakon Nakhon Basin and those salt
ﬂubsuﬁace.

@vial plains of Sakon Nakhon

MR (1998) and following

Quaternary sediments.are-found igtand

and Nakhon Phanow

Wongsomsak (199 stigrapt Nakhon Basin can be

divided into 7 units in e g 3-7 and 3-8):

Mekong River level | s@d -roun avel with sandy clay matrix and
tektites.

Middle Terrace d 155 eters above the Mekong River
and include rounded gravel mix mith-sa

s
s

Low Terrace der he Mekong River level and are

composed of sa 792-.}_-________:_::__7—: ‘-
Valley plain.depo rs.and cut across older units.
Clay mixed with poerly sorted sand are the dominant sediments:
Flood plain de/f)sﬁthe youngest unit ecaurs along the main rivers of this basin
and comﬁ%aﬂoa WQﬂhﬁ %rWIﬁaﬂﬂ ﬁ gravelly sand
layers (Sin%ul et. al., 2002).
The Quaternary sediments in tthakon Nakhon Basin are thus mainly Sfffuvial origin
AL K Bt K VL TataX 7 Tla kY 1
T&race deposi-ts has been ma‘de i-n cc-)mbarison to Australian and Southeast‘Asian tektites,
which have an age of 600,000 — 700,000 years B.P. (Bunopas et al., 1976), assuming that

deposition occurred more or less of the same time.
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3.3 Climate

3.3.1 Monsoon characteristics and seasons

Thailand’s climate can be classified into two types, according to the Koppen system

(Arbhabhirama et al., 1988; Khedari € ), a tropical monsoon climate (Am) and a

tropical savanna climate (Aw (Am) is a short dry season but
ason and a prominent but not
extraordinary wet season. nie ical e (ITCZ) moves over Thailand
in a northerly direction dupi 2\ southerly-dire ton during September. This
\ Jjor air streams (Figure 3-9), the

The southwest monsoon brings

high humidity air mass - aile s m|d May to mid October,

W

om the Siberian anti-cyclone

The climate of T i | ed | easons which are:
The rainy season | He8d by the west monsoon from mid-May to mid-
-r ] > ol

October. Rainfall peaks in A =i o during the retreat of the southwest

e :o’ . . .
monsoon. In addition '-""-f"l:'ij G ical cyclones, which reach Thailand

from August to (L,# b
The v <

mid-January. The

-

'J"-—i' rom mid-November to

unt of ra Juring the Bny season, although the

eastern part of the Southern peninsular usually receives much more rainfall than the

0L Suarswying -

The ummer season is a tranirtlon period betv&n the shifts from t@ortheast to

IR T NATI NN



30

Figure 3-9 The pres'qni :_ ropical Strom in Thailand
e S ks

3.3.2 Temperatu %F ‘r‘

nnual temperatures are

Thailand isyca e anﬁ
therefore~27°C. However temperatures vary depending on topography and seasons in the

winter o

different reﬁ'ons. Hgf Vatiable temperatures’aétween day and night, and summer and

(G L IR TS - e,

region, theq’pper eastern region, thegorthern region and northeastern region. The highest

RIS AT

0 C in the high areas of the northern and northeastern regions. Temperatures in nearshore

regions vary not much between day and night, or between the summer and winter seasons.
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3.3.3 Precipitation
The average annual rainfall over the whole country is 1,572.5 mm. The western and

eastern regions are windward areas and experience the highest amount of rainfall. The

Khlong Yai district in, Trad province, has example an average annual rainfall of 4,000

mm. Low precipitation areas are : the northern region and the central
region, and the western part of t “u he western part of northeastern

ated on the leeward side of

f the plateau. The southern

3.3.4 Tropical Cyclones

Thailand occu yclone systems: the Pacific

Ocean and the South Chin Bengal and the Andaman Sea to

the west. Cyclones move over -r::f:‘.';?;‘:?':.".‘:* uently from the east than from the west.

_!_,n- J‘"‘if#..-fa"
at move over is. 3-4 per year and most often

The average number of ¢

these reach the 7

merthern and northeastern regions,—especiatie thie upper part of both
w i

regions. Tropical ¢yelo 1orthern and northeastern part

in May and from thst between June and August. Septemb O October are the months

with highest frequenoy'pmpioal cyclone. In meer and December, tropical cyclones

~=ARYINENINYING

3.3.5 Cllmate of Northeastern Reglon'ﬁnd Udon Thani &=,

o PTET P TR AT A B4 B

fcq northeastern of Thailand following Koppen’'s classification. This type of climate is
characterized by a long dry season and a prominent but not extraordinary wet season

(Khedari et al., 2002). In addition, this region is influenced by the southeast monsoon and
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by tropical cyclones from the South China Sea and the Pacific Ocean. Temperatures are

generally warm almost all year round.

a) Monsoon characteristics and season

In general, three differen gnized: The rainy season from May to

October with rain spells d sures and tropical cyclone have
high frequencies with | odmg in the region (Figure
9).The winter seaso theast monsoon which brings
cold and dry weather [ to-drop during late October and
remain low until Febru ry (Figure 3-9). The summer

season is warm and ch tropicalégyclo mperatures start to rise in March

and tropical cyclon Aprilto May. - storms are frequent because
of cold air masses fro [ uthward arge 'th local warm air masses.

Instrumental data = T *’ leteorology of Thailand for 1951-2004

shows that the average annual rainfallir > northeastern region is about 1,410 mm and for
1

Udon Thani Province about'f%-.ﬂ 951-2008). Figure3-10 shows that most of the

rainfall occurs du .,.-5.._..;——;...@—.‘;.—.;. ......

5 mm, respectively). The
highest rainfall in-don o i and“September (285.5 and
261.5 mm respecti[/_ y) (Fiure le 3-2) due to influenced of both the
southwest monsoon anﬁ tropical cyclones. These cause high relative humidity, relatively low
evaporatﬂ nerally occurs in
September uﬂﬂﬂ m ﬂ)nj wﬂ"jm Mun River can
increase from less than 10 x 10" m /sfdurlng Decembﬁnd April to 280 x @m °Is during
RN FHR IR AR
h mean monthly precipitation of about 2.8 and 4.7 mm, respectively (data for 1951-2004).
The record for 1951-2008 for Udon Thani shows lowest means monthly minimum rainfall

during December and January (2.7 and 6.1 mm respectively).
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Figure 3-11 Average monthly rainfall and temperature for Udon Thani Province, for 1951-

2008 (data from the Department of Meteorology of Thailand).
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Table 3-2 Mean monthly temperature and rainfall data for Udon Thani Province, for the years

1951-2008 (Data from Department of Meteorology of Thailand).

Month Mean M Minimum Mean
Temperature Temperature (°C) Precipitation
(°C) (mm)
January 22.7 15.7 6.1
February 25.1 18.2 21
March 44.9
April 76.5
May 207.9
June 235.2
July 218.2
August 285.5
September 261.4
October 85.9
November 9.1
December 2.7

3.4 Vegetation

Thailand is located betws

phical regions, Indochina and Sunda
22\
typical (i.e. Malaysia, Sumatra, Borneo and'Ja his makes Thailand a center of three

.p' ] s
| gl |4 .
important  forest elements: '---'-'-!' mese 0-Chinese and Malesian. Plants
o ‘:'.i'-*.u
communications are thus-of an Inde-Ma

alled Tropical Dry or Deciduous

Forest (Udavardy; 4975, —
7 Y]
Thailand’s flesist 2s (Smitinand, 1989) according

to climate and topography of each region. The biogeographical of Northeastern region

occupied ﬂﬁ %{ﬂ‘ | ith the peaks are
about 1 ﬁ ﬂ ﬁ ﬂﬂ Ejﬁ hu Hin Rong Kla.
The plant Communltles of the KhoratiPlateau belong En the Indo- Chmewone which
IR FUHN IS WG
cﬂaracteristic o;‘ forests in the Northeast r;agion are deciduous dipterocarp forest, coniferous

forest, dry evergreen forest and few amounts of hill evergreen forest.
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3.4.1 Plant communities of Nong Han Kumphawapi

White (1995) interpreted aerial photographs dating from 1950s (Figure 3-12)and

concluded that forests around Nong Han Kumphawapi are mostly deciduous and

influenced by soil rather than clima semi-evergreen and riparian/inundated

forests also occur. Accordingx \ rounded by an extensive floating
herbaceous swamp whi . of f!liatmgA mats and sheltered channels
cover much of the | 7 998) cites following species:
Nelumbo  nucifera ca ) ), Ludwigia
adscendens (Onagr S Indicm inthaceae), Nymphaea lotus var.
pubescens and Salvini -‘ 'I d areas where the lake had
been excavated to provi 1 q ' I' truction, either sedges or Nelumbo

nucifera tend to oc cificall :"- 1998). I om the Office of Natural

Resources and Envir | Pol;rt d - Planni 'H that at least 15 types of

r .
hydrophytes were found i g-Han yrm aw se include submerged plants such

.a...lr

as Hydrilla verticillata, Cerat 2

= e -
1068 _é llat jotgs, and Lemna trisulca:;
floating-leaf plants such as Nelumkt “ag emergent plants such

floating plants such as Eichornia

crassipes, Ipo

as Scirpus gross@ Polygomu a gust/fo@ Eleocharis dulcis, and

Phragmites-karka; ancywerbaceous such as Sch/smatog/ott/s calyptrate, Brachiaria mutica,

St N HNINEINT

ke is surrounded by paddy fields which used to b plains, and other

LIRS Sty

Saccharum officinarum, Poaceae), sorghum (Sorghum vulgare, Poaceae), castor bean

(Ricinus communis, Euphorbiaceae), peanut (Arachis hypogaea, Papilionaceae), and
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sesame (Sesamum indicum, Pedaliaceae) are planted (Arbhabhirama et al., 1988; Parnwell,

1988 and Penny,1998).

& Perennial lake = 1 Ban Chiang

Se I lak Dry Evergre ! i
£ sessoratiake | Py Srvmress | ]
Streams/rivers H

E Swamp

E Riparian/ E
inundated forest
A archaeolo

. - n g locati
Mixed Deciduous UM

- Forest variants "~

AAANI 777747 0

0 S5km

i
YNINYINT

Figure 3-12 Vegetation map/of the Ban Chiarﬂlong Han Kumphawi region,

YN T IR IR T E

qconjunctlon with the ethnoecological field research undertaken in 1979-1981 and19
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WUNINYNa Y

Figure 3-13, 3-14 Photos of Nong Han Kumphawapi and its surrounding.

o~

=
@
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3.5 Archaeology

The first occupation of the Sakon Nakhon Basin occurred in the 4" millennium B.C.

(Higham and Kijngam, 1979). At that time dry deciduous dipterocarp forest covered the

been found in the Sakon Nakhon Basin.

aI sites in Udon Thani Province.

-east of Kumphawapi in the

area. Both pre-historical and his

an Chiang is famous for its

pottery, which has a bej : corat vith dark red spirals. Bronze

have been occupie g to Kigngam and Higham,
1980, Ban Chiang pro istori _ _7 \5. be divided into six phases,

)3 «\ cﬁanges in pottery style and
developments in metal tech Jies ases present the use of bronze at the site
and iron was present from r'-” st r’;| ; é‘f:— 3.C or 3600 B.P.) (Table 3-2). Base on

the excavation in 1974 and aroenwongsa and Chester Goman)

the Ban Chian ral s ence ref s-4.000-yeal _% ous occupation, from

i

stratigraphy, the sec¢ nce is divided into three periods and dated by thermoluminescence

ca. 3,600 B.C. to" £ . burial rites and soil

dating: an Early PerloJﬂﬁ. 3,600 to 1,000 B.G.(5,600-3,000 B.P.); a Middle Period from

o B B SN U W o

to A.D. 2081 White (1986) revised th&- age of the cultural sequence base wadmcarbon

ARIRIATUHNAIRY TR

Wdle Period from 2,900 to 2,300 B.P.; and Late Period from 2,300 B.P. to A.D. 300.

However, these dates are still being discussed.
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Table 3-3: The Ban Chiang cultural sequences (After Kigngam and Higham, 1980 (Table 1))

Phase Pottery style Age yr B.P. Age ca. B.C.

] c. 2,000 B.C.

Cordmarked vassels with

curvilinear ingise

c. 1,000-500 B.C.
Higham and iang settlement became
established near perg ounded by a deciduous dry
Dipterocarp forest. D ticed the slash and burn
technique for rice cultivati Inte =Ge C ;\» aised domestic pigs, cattle, dog

ich are present in phase |V,

and chickens. Remains of d i sr-buffalo and \

seem to indicate wet rice cul ."'"”?: ,..'.'1 However, there are still many open

questions that need to be ‘,.Eﬂ;z;ﬂ' > site like Ban Chiang present in

Northeastern T ‘7 ‘1 t pattern of the Ban Chiang

culture? 3) Is !’f_ o 4 ped in the dry Khorat

H
Basin to the south? il

v

In order to ani‘N these questions, H m and his team (Kijngam and Higham,

o FRHANBAT HYART: -

headwaterﬂf the Lam Pao River in Amphoe Kumphawapl Udon Thani Provmce The other

%Em;mmm IR TINY 1N

This section will focus on the Kumphawapi study area. The prehistorical sites

around Kumphawapi contain inhumation burial, which is related with soil types and rivers.
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Prehistoric settlements in the area were usually not on the flood plain but on the so-called
Low terrace (Roi Et sandy loam soils). Many small streams drain into the Low Terrace, which

has fertilized soil suitable for rice cultivation. No prehistoric settlements have been

discovered on the Middle or High t ils) and in the Lam Pao River valley. The

distribution pattern show ites but all these certainly not

contemporary. The autho nd H ha@sts that the early prehistoric

sites may have OCCW ' _ plain and that later sites
u‘\t\ ' 3-15). Thus, the movement

1
0 L

expanding populatio i i gam, 19 | ver, the fieldwork report

occupied the more

of the settlements ethod or pressure by

(Kijngam and Higham, ainted pottery (phase V, c.

1,000-500 B.C. or 3 sites. The evidence is based

on the excavation of three sites in A :tg_‘.# o . hoe Kumphawapi;

1) Non Kao Noi hq“"hf_u.;—'n’ : ials and curvilinear incised pottery
characteristic of Ba G Qﬁp 2,000 B.C or 4,000 B.P.) were found in

this ¢ Site

e — e

2) Ban \?}'_: l—‘*—-':_* an area of around 1.5

hectareﬂnd which were oW errace‘.ﬂe soils. These soils are

dependenten wet season ﬂoodlnggjn nearby Lake Kumphawapi. Ban Na Di

AHANBRFNEMNG

ﬂtu concentrations of Charcoal which can be dated back to around 1,400-1,500

QIR e e

resources, cattle, dog and chickens were always found during the main




41

mortuary phase, but water buffalos were only present from c. 600 B.C. or 2,600

B.P. onwards.
3) Ban Muang Phruk vyielded only one burial, but the red slipped pottery that

t‘i’f//fBan Chiang phase VI (c. 250 B.C.-250

closest parallels with th

Stream
@ Historic sites

Il Water body

@ Prehistoric sites

[ Dry dipterocarp forest

I Ory dipterocarp fdisturbed forest
I Eucalyptus plantation

Ao Institutional land

% @ [ Mango

]

o =
Nl R ransplanted paddy field

s @ tural water resources
_&a Z i A ) (#) i 2 5 ﬁj gar cane
S 4 S 5 A G , A ) { ,:,' e f Q&ﬁ f m‘@}! llage
VTR NS Wl ST UL Vanel b ATeaa 0 ITV RN 8 1 kil -
A N S e am% N A B

280000 250000

e e

Figure 3-15 Historic and prehistoric sites around Nong Han Kumphawapi.
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The data above may lead to these hypotheses: 1) The areas excavated around the
Kumphawapi were not occupied during Ban Chiang phases IV and V., or 2) The people
living there did not share the Songkhram Valley tradition of richly painted funeral pottery

styles. 3) The Songkhram — Lam Pa ded formed was a cultural division during

parts of Ban Chiang sequence

According to Boon Vport of the Ban Chiang Cultural

Tradition Research Pr (1 92) from the Thai Fine Arts
Department (FAD) divided

a\ strict, Udon Thani Province

u’[ of ‘ excavated (Boonlop,

2. The Upper ] ﬁ ‘include ' u‘ ng and Nong Han Districts
of Udon Tha "'5 € . are located in the Nong Han

District and op | [ 976), Ban Non Na Sang and Ban

3. The-Upper Song Khram cli uster comprises 15-sites, located between Udon
p—— .

Thani and, es-have been excavated in

I I

Nong Haa District; Ban Chiang, Ban Om-Kaew, l'u hatu, Ban Tong and Non

Khi Kling |‘h Nong Sa Pla (FADy 1988; Bannanurag and Bamrungwong,

ﬂe&JEI’WIEWﬁWEJ’]ﬂ‘i

ua/ Luang — Mae Nan iong Khram c/uster is located along &5 Huai Tuan
9 W’%ﬂ\‘fﬂ FEHAIIN BT
discovered but only one site Ban Dung in Ban Dung District, Udon Thani
Province, has been excavated.

5. Huai Yam - Upper Huai Pla Hang Cluster is the densest cluster and including
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37 sites. Of these only Ban Sang Du in the Waeng Pittayakhom school area has
been excavated (Bannanurag and Bamrungwong, 1991).

6. Huai San Jod cluster contains six sites were discovered in the Sawang Daen

Din Diatrict of Sakon N nly two of these have been excavated

these are Ban Do ijchotprasert, 1998) and Ban Khok

Khon (Boonlo

on Thani Province. Ban
Muang P 0 Noi, approxima 25 km to the east of the
h& 1994; Bannanurag and

N

are coeval with the early Period at

istorical inhumation burials.

g, Ban Pak Top, Ban Don Kaen,

Ban Yang, No 980; Higham & Kijngam, 1984). Sema

stones or Boundary,, n. ? o) nd at the Ban Don Kaeo salt dome
- .,._J"i

e

and car

insor

most imE’lant site

located onler km to the northeast of the lake was an important resource for

FLIH B 1T WY oo

ﬂhen other water resouroes may not have been available. Rice was however

q RIS T v

Han Kumphawapi, human populations have been present from at least the third

d fon the presence of Mon
-1'*-'5 Di, which is one of the

u phawa;@ake cluster and which is

millennium BC, and possibly earlier (White, 1995; cited in Penny, 1998).



CHAPTER IV

METHODOLOGY

4.1 Map reconstruction

Satellite image dat

geographic information.

data) (Table 4-1)

Table 4-1 Data collection

Data type (Source)

Aerial photo

Vegetation ma ;?L

Soil and cﬂl tilization

(Land and land develop Department)

MI/) were done by using software of

and ere used to reconstruct
i'u

Y

n\. zing the digital data .
l elow

‘ Il'\\ and reports with relevant

IS 9.2 and ERDAS IMAGINE

t geomorphic map of the

Remark

be

e the dam was built

_.:'r e dam was built

'F
eted from aerial photo

B
st
HS

1:25000 in shape file

ﬂ{iﬂ TS "

mmmm

reported after 1980-1981

N INerTRY

GIS base map of Udon Thani

(Land and land development Department)

1985
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2) Aerial photo interpretation (Interpreted lake boundary) based on aerial photos
from the 1954 and 1996.
3) Create Landuse/ land cover map with the data from Land and land development

Department. Compare the e ith Vegetation map which is reported by White,

soil and soil utilized map
2E0C

graphic map.

ate a historical settlement in

We first surveye ‘ ,-’ 7 {umphawapi based on the L7017
series 1:50000 map to find'a g CE. 0 access the lake. Prior to coring we
measured the water depth ang leste ; o0 depth. The coordinates of the best
spots where stared in - igure 4-1) with a specially

-
q ﬂ! ent. In addition, for

constructed pla ﬁ?’

stabilizing and anﬁring the zod g coring operﬁn we used 3-4 bamboo

poles. Sediment cores*ere collected with a Ru&}an corer (Figure 4-2) (chamber &: 10 cm

A LRI LAY SLLLX

transects tqlae able to follow the dlfferent layers over longer distances. The most complete

OV MR R IbeNIFe) )i



Figure 4-2 Russian corer with lake sediment

46
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i/

J/Jffﬂl\w -
TIIXEY me
% f; 2

™ \

..o rato '. al

es diagram

4.3 Laboratory analyses

4.3.1 Lithostratigraphy

The lithostratigraphy e 4-4) by its physical properties,

by following a Swedish-

ed-by-Hampus von Post (1862).

Sediments with an-6rga

=

‘E‘! gyttjia has an organic
content of 6-30% aridi gyttja clay an organic col of 3-6%. ja is a freshwater deposit

(mud) consisting of OF&BHIC and mineral matter found at the bottom or near the shores of

e S E AN T T
deposit ist re le shell remains from the

exoskeletons of insects, pollen and spores of higher plﬁ and mineral partﬂg; formed in

RN U ANINGIR Y
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Magnetic Susceptibility is the-mag .—i tion of a material per unit applied field and

S
.;--" t“"r‘ jl"'l"ll | A
describes the m?ﬂetlo response ofa suﬁs"én €

Encyclopedia). [fwiffe=ratio=of=magnetiz: Jtionis—expressed=per unit volume, volume

susceptibility is defﬁa . 2 m
Kﬁy/H

4 HANYNI NN T e

the volume magnetization of the material M and H |3&a applied externalwgnetlc field

RAXANIUNNTINEIAE

Material can be classified into five categories of magnetic behavior according to

their magnetic properties; ferromagnetism, ferrimagnetism, canted-antiferromagnetism,
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paramagnetic and diamagnetic (Dearing, 1994). Each of these 5 groups shows different
reactions when attracted by an external applied magnetic field. Ferromagnetic material is

almost pure iron. The magnetic moments are highly ordered and aligned in the same

opposing sets with \ attice structure of certain

J a fe ¢-bearing minerals are included in this group. These
can be found in igne ! . _ \‘ all soils. They have high
magnetic susceptibili ; -‘T - magnet rial has lower magnetic
susceptibility values. ctiré? gi e rise ) we .\n.\-‘ put opposing magnetic
moments, but forces ach.ofl aematite is the most common and one
of a few iron minerals ' ' . d'n als in these three magnetic
groups can retain a permanent E ;f'@ﬁ in‘aligned even after the absence of

the external magnetic field (Figure 4-5) Th

4 i’ T »
L ) -'_'

f
AN

Figure 4-5 Schematic representation of the distribution of magnetization vectors in

ferromagnetic materials, (a) ferromagnetic, (b) antiferromagnetic, (c) canted-

antiferromagnetic (d) ferromagnetic (Sandgren and Snowball, 2002; McElhinny, 1973)
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Paramagnetic matter includes Mn and Fe ions. A large number of minerals
normally contain Mn and Fe, and are very common in rocks and soils (e.g. biotite, pyrite,

olivine, pyroxene, garnet and carbonates containing iron and manganese) (Sandgren and

Yo

Snowball, 2002). Their magnetic s y
are only aligned in the presen

values of magnetic susc

es are weaker and magnetic moments

agnetism has weak and negative

erals (e.g. quartz, calcium
carbonate, feldspar substances (e.g. organic
matter and water tic susceptibility of the
ferromagnetic, ca -- ( [ rials and diamagnetic
components represe material (Dearing, 1994).

The susceptibility value re shown in the Table 4-2:

Table 4-2 Susceptibility ve

x (108 mP/kg)
Non-iron-bearing
Plastic (e.g., perspex, PVC) 'E":E ~05
Ice or water :‘:‘:E -1/-0.9
Calcite — — A -03t0-1.4
Quartz, feldiga},magmile ) / D 51t0 -0.6
Kaolinite Ti S i-""
Halite, gypsumg@nhydrite o 0510 -2.0

120 to 2,900

Serpentinite 7'1

L, |
Iron-bearing minerals
lllite, montmorlllonlte" F - 330 to 4v S5to13t0 15
Biotite /5t t to 98
1 to 0 1tc 43 to to 130
. 11100 to 12,000 26 to 70 to 280
Franklinites " 450,000 ﬁ 8,700
RN TUIRIINET
ron sulfide: I N e
q Chalcopyrite 23 10 400 06to3to 10
Pyrite 35-5,000 1to 30 to 100
Pyrrhotites? 460 to 1,400,000 10 to 5,000 to 30,000




[ron-titanium oxides

Hematite? 500 to 40,000 10 to 60 to 760
Maghemite® 2,000,000 to 2,500,000  |40.000 to 50,000
||meni‘[ea 46 to m to 80,000
Magne‘[itea 20,000 to 50,000 to
110,000
Titanomagnetite 2,500 to 12,000
Titanomaghemite 57,000
Ulvospinel 00
Jr .

Average rock values /i f 1'{1 Uy

Sandstones, shalés, lime t0 25,000 200
Dolomite -10-t0%-94 -41

Clay 1170+ 1 5

Coal 1"-.& \

Basalt, diabase 25010 4-6,100
Gabbro 1,000 £5/80,000 03,000
Peridotite ;*_ !,*‘ ¢ 1013 0,000 3,000 to 6,200
Granite Wy to 1,900
Rhyolite alatZ5010 0 to 1,500
Amphibolite T il o0 & = 25

e

Gneiss ;_?f‘;gto 0 to 900

Slate - ] Btom 0to 1.400

Schist, phylite 4 26 to

X o
Serpentine T 0
i "—.,_\“_
ElRemanen-::e—carrﬁ miner _"
- R
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Magnetic susc‘pﬂity is commonly @sed as a indicator for variations in lake

e IR S I T o e

fresh wateil'ake derives their magnegp minerals from many catchment erOS|on (bedrock,

IRIFIN LN IINYIN

|rq|rectly be linked to paleoclimatic and paleoenvironmental change, and/or human activity

in the catchment, because erosion and weathering processes as well as transport and

depositionof lake sediments is strongly related to these factors. The type, concentration
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and grain size of magnetic minerals found in lake sediments vary according to processes
operating in response to changes in climate, human activity and lake status changes

(Sandgren and Snowball, 2002).

All materials can be cl heir magnetic properties during and

after they have been attr field. If magnetic susceptibility

netic matmﬁramagnetic, ferromagnetic,
tlc susceptibility values are

negative the material is di [ ause t K— =ria 3 Weak magnetic field.

values are positive th

ferrimagnetic, or antiferr

Logging of mag H-h iSO 1\-- lard non -destructive methods
to determine chan tnc record ’ \ t ~- th and is expressed in

S.I. units. These mea eé [en (- f efu stratigrahies derived from

different parallel cores a 01'9 \\ of this method can be
/ v

Measurement can be m
1

"Lﬂ minimal training
Measurﬁnts comp

of en\fmﬂmental analyses
4.3.2.1 The mulfi | sensor core logger device

AuBanpnshbang .

W|th a track motor that moves the sediment core along d|fferent stationary

 WIANTT, PP 11T

the sediment surface with spatial resolutions of better than 5 mm. While the point

sensor moves down to the sediment surface, an oscillator circuit in the sensor
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produces a low intensity (approx. 80 A/m RMS) non-saturating, alternating magnetic
field (0.565 kHz for the MS2C sensor and 2 kHz for the MS2E sensor). Any material

in the near vicinity of the sensor, that has a magnetic susceptibility, will cause a

ctronics convert this pulsed frequency
| )tek).

.-J

change in the oscillator fr

information into magn

i

T he multi-sensor core logger de 3 dy. Only the

magnetic susce ibility p 001)for logging of split cores
was used.
The majrﬁ susceptibility sengonis electronically set to measure a single
sﬂauaﬁeaa %I%Wﬁh%a&}ﬂeﬁj‘a@ analysed by the
maﬂfacturer (Bartington Instruments Ltd.). Therefore, all magnetic susceptibility
Wensors supplied should recofd exactly the safé*value for an giveHam le, and

QPR OIEIL it T X T

system. In that sense the magnetic susceptibility system is calibrated absolutely.

Since the calibration has been set electronically it should not alter. A calibration

sample is provided which can be used to check the long term consistency of the
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calibration. The data obtained from the magnetic susceptibility system provides
uncorrected, volume specific magnetic susceptibility, which can be converted to

either corrected volume specific magnetic susceptibility or mass specific magnetic

2. Wrap sedimeatsur a arent thir stic flim to avoid contamination
from the sense \ - \\
- -"\_
3. Adjust [ : sensopand s t the appropriate position
which sh S OF 10 , & v il ;"'"-a_ e the error of the results.

4. Setthe freq r- I "~;,,~_ m along the entire core.

Y

ﬂ'lJEJ’JVIEWIﬁWEJ’]ﬂ‘i
Qﬁﬂaﬂﬂimmﬂﬂﬂmaﬂ
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4.3.3 X-ray fluorescence (XRF) analysis

X-ray fluorescence analysis (XRF) is a method to determine the composition of an
unknown material. By using an x-ray tube or a radioactive source x-rays are produced to
incident on the atom and can either e scattered or absorbed through the material. The

Scattering process (Figure 4-7).

During the absorption pro ose will tramis' energy to the atom. When

there is enough enw ( 10 ovel o atom’s work function, the

innermost electron i

ion of an electron from an

innermost shell in t and the emitted electron

is called a photo elec

RN TRIAINA Y

Figure 4-7 The Compton scattering process
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After the emission, the atom becomes unstable and an electron in the outer shell

moves to the inner vacancy to re-stabilize the atom. This process will emit a secondary x-ray

which is from an energy difference between the binding energy of the shells. Since energy

TRAX core scanner (Figure 4-
ersity. XRF Core scanning is
non-destructive prov for terrestrial and marine
sediments and dril RAX can measure split
sediment cores of up ) s fine as 200 pm. It also can

produces optical and X-radiographic! image “Which are useful for guiding sample selection

The sta g_;f‘ ) > steps shown below (Table 4-3

(Croudace ‘— f‘

1. Loadinggsplit sedime ore onto a horizontal cra@ with core top position to
the right.

i 30 T VPRI G e

quence involving mputs

QW?G@W@WH%MV}HWGH

(i) Setting the excitation voltage and current to the X-ray tube
(iii) Initiating a surface topographic scan of the core. This topographic scan is

made in relation to a horizontal reference plane and is used to ensure
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that any subsequent positioning of the XRF detector does not lead to a
collision of the detector with the sediment surface and, importantly, that

the detector-sample distance is monitored and remains constant. The

scanning occurs by a regular left to right incremental movement of the

core pe > long@ axis of the rectangular beam. This initial

imat ﬁch the core is automatically
osl 'on %

B \\\\ |
YRS

_’; ' e \: peak-fitting functions are

om a periodic table as
arameters using one or

ThIS optimization takes

(v) Toreco 7 pon X-radiographic detector by

f the path of the X-ray beam. This

e response of the X-ray line camera

diode affay andtakes appr in after which the core is

1
ot

\ L)
(vi) fir "'L. Batch Analysis Mode

- . CLLITNIECL 10 LS ST FPYOSITICry

vhere the user defines the core name, reviews instrument count times,

dw@t es and scan

ﬂﬂ"ﬁﬂ%‘i ﬂﬁﬁ% AN
ammn‘imumqﬂmaa



Table 4-3 The standard ITRAX procedure.
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Operator task or input Result

Load split sediment core on to horizontal sample cradle  Sample ready for scanning

Define kV and mA setting for 3kW Mo X-ray tube Excitation condition set

Define core dimension to be scanned

Initiate surface scanning/photographi

(approximately Smin) ™ ,
4

nsional limits set for scanning

topography profile determined and digital
ic image of core captured

Enter the scan increment size an@\me tor the

; ¢ parameters set ready for the radiographic
radiographic scan e — Scan.ﬂ

Establish XRF parameters and select Elements selected and spectral-fitting parameters
likely to be present ; ref

Set reference response for th

o

'S !

AN TV
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4.3.4 Loss on ignition (LOI)

Loss on ignition analysis is an inexpensive and simple method to investigate past

environmental changes in lake sediments. Climatic changes can influence sediment

nd thus gives information

organic matter and{ I,

about the nature o [ ) ressed as percentage of

; l JJ-’

2001). In this study, the e'{*'-'-- “is estil rom weight loss-on-ignition at 550°C,

following Dean (1974). arbonate minerals) content is

estimated from e

jhtloss-on-ignition at 960°C(Dean 1974 -Bengisson and Enell, 1986;

N ,‘

4.3.4.1 Loss on |gn|t|on anaIyS|s step

9121 A40) 9 Sy BJAR o

were sampﬁj in contiguous 1 cm increments and had a volume of ca cm’. The analysis

YR HSATIANNALL ..

overnight in an oven at 105°C.

Heiri, 2001).
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a) The crucibles were then placed in a desiccator for 2 hours and weighed. The

sediment samples were subsequently placed in the crucibles, which were

weighed again. Crucibles and sediment samples were then dried in an oven at

LOI % Wasﬁwated by using the wation below:

%%%E&%‘iﬂﬂ?ﬂﬁ
RLIRCA RN INY8 2

DW, .= Dry weight before the first combustion (The sediment’s constant weight)

DW.,,= Dry weight after heating to 550°C [d]
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73 \\\\

c) Ina second step, carb at N3 mb

. % (17
the cruciblgs (with s ples) W ge '
ﬂd..u !
950°C for 4 heurs _- fa de |r or y

was calculated by using :Jﬂa 1atior; Iow"

4;?“’ ’ =
'l ..._‘.a-*:'-‘--ie'-'

erature of 950°C. For this

e furnace (Figure 4-10) at

ours and re-weighed. LOI %

W, _ 3 ..'7 = o
LOlygp= 502510 "' BT
— =
T y
LOl,,,= LOfat o : ’

DW, .= Dry-weight before the first combustion (The sedimnt’s constant weight)

= Dry we hﬁter heating to 550°C."

ﬁummmwmm .
’Q‘W']&Nﬂ‘iﬁu UAIINYIA
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4.3.5 Radiocarbon Dating

4.3.5.1 Introduction
Radiocarbon dating is one of the most widely used of all radiometric techniques

which are usually employed as a chrono

1
precise age control of lake-sedime e nd thus enables comparisons and

ratigraphic technique in paleolimnology. It allows

correlations on local, regional and global s diments usually contain certain

dating reveals an esti i 1easuring the proportion of
the carbon-14 isotop i ir carbon content. The maximum measurable

This metho [ 51 Dy LT an American chemistry professor.
There are many text ' I art] e discuss the background and
principles of radiocarbon dati i - -,:= 0C orck and Wohlfarth, 2001). The
fly reviewed below.

principles and limitation loearbon metiod wil "i b

Carbon has three j.E_i'i:f.-l ] ur naturally: 12C, c and "cC. ”C and

"°C are both stable but '‘C is _--“-' ;' e. The most abundant of these is '-C
.l-'
(98.89%), followed by g ] nly present in small quantities

(Walker, 2005). Th& equitibrium-concen

LIV IV

nitrogen 1ém-||gham 1994). The reacf*@n is:

RIRIAIN URTINYIAY

L| by described the reaction by the following formula.

14 1
6C+ 1H—> LG+ N
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Cosmic ray flux leads to the collision of free neutrons with other atoms and
molecules. One of the effects of these nuclear reactions is the displacement of protons from
nitrogen atoms ('‘N) to produce carbon atoms (““C). The *C formed is rapidly oxidized to

absorbed by the oceans and by living

organisms during tissue buildi ich utilize carbon in biological food

life }are in equilibrium with their

contemporaneous life- i here, ocean or fresh-water). When a plant or animal

chains take up

dies, the uptake of E therelis mf ‘c, only decay. The “C

atom decays bac by € x\s\\ ), or electron (e), which
POSSESSES an averag ' \\ \\1 shown as below and

production of "“C and itsie \ \\\

ﬂE = 10712

D
E
i ‘ Then: ¢ = “N+

9 W'] AINTUNRTINYAY

Figure 4-11 Production of “Candits cycle (LA Currie , 2004 after D. J. Donahue)

(Parameter values are approximate.).
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Libby's early work indicated that after 5,568+30 years (Walker, 2005), half of the “c
in the original sample will have decayed and after another 5,568 years, half of that

remaining material will have decayed, and so on (see Figure 4-12). However, the half-life of

"C has been recalculated at 5730+40 lker, 2005; Godwin, 1962). The old half-life
is still used in many published .,. "'-.g “. t, all dates should be multiplied by
1.03 in order to obtain an aceurz «; ocarb er 2005).

of radiocarbon

(http://www.geo.ariz g-edu/palynol 'geos462/10radiometric.html)

Uncalibrated radiocarbon years "Before
lc} radiocarbon ages are usually ICRONEEEE. 4

Present" (BP). "P ’-%f 1:‘{: be used directly

een strictly constant. The

as a calendar date Ecau o as ﬁ

level of "'C is affected by both natural processes and human activities. Natural processes
are variati intensit affe variations in the Earth's
magnetoﬁ ﬁgjtﬁ g\] ﬁt]nt ﬂ/nﬁmjoﬁﬂ rganlc matter, the
ocean, oceﬂ sediments (methane hy&rate ), and sed|mentary rocks. Changes in the Earth's

RTINS TN TR

However, the level has also been affected by human activities. From the beginning

of the Industrial Revolution in the 18th century to the 1950s, “C in the atmosphere and
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hydrosphere was diluted because "’C was increased by the use of fossil fuel in industry, the
so-called “Industrial Effect”. This decline is also known as the Suess effect, and also affects

the °C isotope. In 1952 A.D., the beginning of nuclear weapon tests caused an increase in

| intensity of “c today cannot be used as a
/Zﬁnal Bureau of Standard has made

by changing it from 19" century

"C so-called “Atomic Bomb Effect”.

primary intensity for dating. In

Oxalic acid as an Internatio

trees. —

As a Consequ{ ;

that are younger th

ions on dating of materials
reater carbon-14 content

cannot be taken to m _ diocarbon dating can be

fragments from KMP CP3A wefeeﬂitf Jin contiguous 5 cm intervals for *C dating. A

water. Sieve remains

were identified u ‘ ntained however enough

14, l

organic material fo ting. The samples selected for AMS "'C-dating were composed of

charcoal, ds and */’ovafra ments :see T&fe 4-4 and ,Fjure 4-13 a-c). These four

s B M BV UL TR e v

were then sq'lbmltted to the Belfast Ragiocarbon Laboram for analysis.

A W-LaN AL T UYL EY T

type of material has long been used in radiocarbon dating and is well preserved in a
range of depositional contexts, including lake sediment, peats, palaeosols, cave sediment,

buries soils, etc (Walker, 2005). In lake sediments, plant macrofossils have different
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sources. They may be derived from aquatic plants and may originate from the point of
sampling. However, macrofossils found in lake mud have often been transported short

distances from the nearby aquatic and lake-margin vegetation; or were washed in from the

the lake by wind (Birks and Birks, 1980‘3 ften found in archaeological contexts

Thus, it can provide usefuhep_‘_logmal and ‘Mrmation (Walker, 2005). In lake
_-g

sediments, it has proveﬁe—he—eepemalb‘ valuable-as-an-indicator of past fire regimes,

mat (lncreas:;mce of fire under drought

enﬁf’
' ‘ d/qi'r human impact.

surrounding terrestrial vegetation, for exYFIZy small streams, alternatively transported to

reflecting the influ

conditions: Brunelle

Material
7 f " Charcoal
4 376370 : UB,§:6‘¥ " wood
4 3.70-3.65 ﬂ - :;r_a, seeds, charcoal
4 3.60-3.55 -,;‘UEZ 14168 wood

Figure 4-13 a-c: Plant macrofossils for AMS 14Cdating.
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4.3.5.3 Laboratory preparation of AMS “c samples
a) Pretreatment

Pretreatment is required in order to get pure carbon from the samples and to

get rid of contaminations with old or modern carbon. The main goal of the treatment

is to remove carbonates hat is not a primary material of the
sample. The choice of the proper | nds on the type of the material
d samples, wood, charcoal,

AAA) pretreatment was used.
The first acid bonates and the second alkali step is used

to remove humi i acid S elng applied to remove

urs during the alkali step
tabln

ioxide acquired from the combustion

1e sample is transformed to

peam with negligible memory

nates is reduced in a reaction with

7 — ¥

e

f TEEaLC TG (et L TlgYal S

unk wn targets together W|t2 standard samples (known “cri'*c ratlo and blank

RIS AN

c) Accelerator Mass Spectrometry (AMS) Method

The reaction of graph|t|zat|on is

Two approaches were used to measure the remaining ‘c activity in samples

relative to the modern standard. The first one is the original method which is also
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called conventional radiocarbon dating technique or beta counting. This technique
detects and counts B emissions, the decay products from "“C atoms over period of
time. Accelerator Mass Spectrometry is the second method. It uses particle

. 14 .
accelerators as mass spectro ount the relative number of C atoms in a

and biomedi -l [ lire of pure carbon and the
measurem eted in y urs or days. By contrast, the

conventional 4 ure  carb nd it can take a number of

ionized carbon atoms (@) ~ he surface of the sample and sent

down the beam line to e-n- r- ir nder the vacuum condition. At this

i s

-y o Tl R

point the beam )ndsto 10" ions per second
o N ——————————————————————————————————
(mostly t yf— e isotopes). At the first ma # e injector magnet, the

mass of in ble isotopes are rejected

t I 77 gﬁ
e negative ion beam by 90°. Then the e

down to the ta‘dn. accelerator (see figire 4-14 and 4-15) which consist of two

AUENEATHIARG -

terrﬁ]wal Itis charged to a voltage of up to 10 million volts by two rotating chains. At

QYETERIT ST angasss -

by bendin uated beam line is sent



positive

gradient high-voltage
mgs terminal charging chain

.in TR ---"--l-.-_l-.l-.l-.i-.'

‘ e A D o
{ ||{“|m|||l /s e

1‘|'Iré:t -

Figure 4-14 Exa .coelerator (Encyclopedia Britannica, 2008

N\
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)

sctrons are lost from the C

ions (five in so ) andit emerg na triple positive charge (C”,

e positive terminal leads to a

second acceler arbon.ion ; ( g magnets or the analyzing

and switching ma + Where u

)yduced in the terminal stripper

ccording to mass by selecting

(Highly

charged Iec g e Sin > electrons that bind the atoms

T ¥ o 12y
and sometim C) is meas

using '--':‘ C
b ]
where the .El are slowed down and

ured by

o"L_ 2 gas ionization detector

. i
ome to rest in propane gas. These electrons

are Collected og‘rﬂal plates, ampllfledipd read into the computer. For each atom,

%}ﬁ'ﬂﬁj YEnyans—

ohqe element atomic nu ering isobars.

Q‘W']ﬂﬁﬂ‘iﬂd UAIINYAY

nuclear
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CHAPTER V

RESULTS AND ANALYSIS

5.1 Map reconstruction

5.1.1 Aerial photos interpretation

The results of the aerial ) interpretation.show the difference in lake surface

area before and and afterthe consi i g e The lake boundary was reduced
. | J -

after the lake surface are ange 3 ‘ odd km® by making a 124 km long

dyke (8 m wide and & ollake \

The dam was fini \\\ ates and 14 electrically
powered pump stations. y .. ed. 1. Figures 5-1 a-b and 5-2
show the lake bounda .I aerlal photo interpretation.

#l.l-l ‘
ot | r
5.1.2 Correlation of L / La E‘-“" €

Land-use maps (fro :I,- :4:5' -h m 009) (Fig 5-4, 5-5 and 5-6) were

generated based on the data d Land development Department. In

oSS
addition, these Maps i ™ ite (2004) in Figure

5-3. This o'gf ,‘,‘*'«.-" over of Nong Han

Kumphawapi area

Fjp the pas

ﬂuEl’J‘VlEWl‘ﬁWEﬂﬂ‘i
ammnmumwmaﬂ

U
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Figure 5-1 a-b Lake surface area based on interpretation of aerial photos from the 1954

and 1996.
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Ripaéianl - E w2 ’
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Dry Deciduous A archaeological site NN I »
Dipterocarp . . I3
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s
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A
¥
NAA s
4aA
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ollrrrAArs
SO
An

api region,

Th (2004) was based'on an interpretation of aerial photos from

A S NS S

in 1979- %'81 and 1994. Nong Hand(umphawapl Waﬁassﬁled into perenw lake and
R TR THRENVINBIRY
¢h|ang, Ban Na Di and Ban thong. The data from the map indicates that a mosaic of
natural vegetation types existed recently in this region. Dry deciduous/dipterocarp
forests were most common, but with edaphically (plant communities that are found only

in specific  conditions) influenced zones and pockets of semi-evergreen and
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riparian/inundated forest. The vegetation mosaic is reflected in a patchy distribution of a
wide range of subtropical natural resources including wild rice, yams, and other useful

and edible plants, as well as wild animals.

According to Figure 5-4, land changed from natural forests to agricultural

areas. Rice paddies and s. dominate in this region. Dry

data and heritage SW @nd-use map from the year
2001 (Figure 5—5 j& in plantation;

305000 310000

1910000

1905000
=

9 Kmp_cp_co.shp

g \ - ~ — ——r # b ™ O Heritage.shp
T ) € ! eem.shp

, VA
s 2
SN
STR “er_body.shp

; Lu_2528.shp
> | Abandoned
) Coconut
N\ | = Dy dipterocarp forest
} \‘ 0 Dry dipterocarp forest disturbed fores'
e

Mango

t crop
cane
Swamp
T lanted paddy field
In: ional land
illag

Figure 5-4 Landuse map based on data of Land and Land development Department

from the year 1985.
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Figure 5-5 Land-use map based on data of Land and land development Department

from the year 2001 .
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Figure 5-6 Landuse map based on data of Land and land development Department

from the year 2009.
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Landuse in the map 2009 (Figure 5-6) shows variety of plantations, mosaic of
cassava with sugarcane and eucalyptus with para rubber are increasing. The map was
classified in more details than the past, recognized from the lake surrounded which

were classified into; a) marsh and swamp, b) Marsh and swamp + rice paddy.

In conclusion, the results show the change in lake feature and

agricultural pattern in Non he lake was dam due to the

irrigation project Which X '@re. Moreover, modern day

cropping system ) inundatec e ding both swidden and

horticultural techni . : she e in human activities in the

aecheaology ﬁ'ﬁ.‘- \#‘ suitability of rice

cultivation to clasﬁd SOi

Unit 3 in saoil Iigap was defined as ﬂoodplaln clay. This soil type is well suited to

rice ouﬁ ly suited to rice
cultivati WLM;ﬂégJ ﬂﬁm gim ﬂatelyﬁj rice cultivation.
osit in low t ﬂns 0-23 a 0_unsuited to r| [tivation.
RIS IrIa g
These units deposit in high terrace. In addition, The results of Landform map and DEM

correspond with soil map.
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Figure 5-7 Soil map based on the classification of Land and Land development

Department (1985).
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5.1.4 Paleogeographic map

Paleogeographic map with lake flooded conceptual model (Figure 5-11) was
generated by combining all results from thematic map and old geomorphic map of

Kijngam and Higham 1983 (Figure 5-10). Unit 3 of soil type was interpreted as a lake

level during > 6000 yr B.P. beca

f ies which different from surrounded low
terrace soil type. The Iightm ; &)‘orne shows a lake level during
a lake level during 5000-2000

T ———

. ‘e was classified to be a

6000-5000 yr B.P. The
yr B.P. The swamp.©o

lake level during 2000y

——KEY——

Soils of type I1. well suitey
to rice cuilivetion

Soils of type Il monerutely
suited to rice cultivation

Soits of type IV. poorty suited
to rice cullivarion

™) Midale terrace soils of type V.
'] unsuited fo rice cullivotion

[Zi%77) Hioh terrace soils of type V-
2| unsuited Yo rice cullivabion

surfaces
“
by ly flooded swampiands
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10 Lake level during >6000 yr B.P.
Lake level during 6000-5000 yr B.P.

ﬂ‘lJEl’?‘V]EWl‘ﬁ‘WEﬂﬂ‘i

F|gure 5-11 Paleogeograph|c map with the model of lake Ievel

’QW%]\‘iﬂiﬂJ UNIAINYAY
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5.2 Lithostratigraphy of the sediment sequences
Five sediment sequences were obtained from Nong Han Kumphawapi and
included CP1, CP2, CP3, CP3A and CP3B. The five coring points are shown on the map

below (Figure 5-12). All analyses were done on CP3A, which is presented in more detail

below.

284000 296000 300000

1904000
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+
0001061

1900000
+
000006 L

Legend
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1896000
+
0009681

oring Points
-', ‘
1.‘,'" Open water

m Wetland

289000 288000 302000 296000 300000
-] L/ 5 10 Kilometers

TIRHSMEMTINESRT

U

Figure 5-12 Location of Nong Han Kumphawapi and, of coring points CR1;CP2,
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5.2.1 Kumphawapi CP3A

CP3A Core was divided into 20 layers which were grouped into 7 sediment units
(Figure 5.13a). The lowermost sediments between 6.00-4.31 m (Unit 7, layer 20) consist

of grey gyttja clay. Unit 6 between 4.31 and 4.00 m is composed of olive-brown to

greenish- brown gyttjia with grac | daries (layers 19 - 18). Unit 5 includes

layers 17-15 and is a greeni brown gyttja with gradual lower
boundaries. The sedim, ; 5 h) are grouped as Unit 4
and consist of bla of blackish-brown peat;
these are overlain by 'a daik brov ack 3 gradual lower boundary.
Unit 3 with layers 108 | , epth) is 3 ,- of a dark brown to black clay

gyttia with coarse arganig dhal amc , \\\

between 2.92-2.

boundary. The sediments

m depti wg .. A . ; oo ist of dark brown and

olive green gyttja (layers 6-7 he m. -;.u k e yers 5-1 and consists of

greenish brown to dark bro Clay 2 H grad - o boundary (layers 5-4) and

of greenish brown slightly ox .I;qapﬁ-w_ a gradual lower boundary (layer 3).

These sediments are overla j gytjja with reddish spots and light

laminae (layer 2) anc lack o layer 1).

Table 5-1: Lithosith » ‘

2.15:2.26° | Grey in field, now oxidized reddish-black clay gytya, gLB™

2.40-2.57

grey brown in field, pow greenish brown, slightly

1 black/brown spots

2.80-2.92 Dark brown gyttja

3 06-3.20 Dark brown clay gyttja with dark spots, Fe stains more 9 3
distinct




3.33-3.50 Dark brown-black peaty gyttja, possibly some clay, gLB*  11+12 4

3.75-3.82 Blackish brown peaty gyttja, gLB** 14 4

3.87-3.90 Transition zone: greenish brown and black clay gyttja, 16 5
gLB**

4.00-4.31

4.31-6.00

see Figure 5- , 5:00-4.3 i grey gyttja clay. Uni

( Fi 5-13b) ‘ KE yttja clay. Unit 6
: - 3. m de er-20-which is ey brown clay gyttja, layer

(4.395 - 3.985 m d /e : ,\ b | ttja, |

19 which consis ' . ) tial wit € adual low boundary, and layer

18 which is a bro | Wi gra ower boundary. Unit 5 is

composed of layers 1 1 . : a transition zone and layer

|

16 is a dark brown gyttja Jf".*., [ayers have lo boundaries. These sediments

are overlain by Unit 4 (3.905- onsists of thick layers of dark brown

to black peat (layers 5) which is finer npacttin the lower part. In

addition, at y« art |'Hﬂi dark brown to black

peaty gyttja and brow gyttja laye ll 5. Unit 3 (2.830-2.745 m
!

depth) includes Iayers 9 and 10. Layer 10 con3|sts of a dark brown clayey gyttja with

gradua ti pper gyttja and
- E‘;’g:!;ﬂ*mﬂm B\ b
brown gyttja with a gradual lower boﬁnda The uppér-most Unit 1 (2.580-2:00 m depth)
;,3 ARSI BTN AR S

. These sediments are overlain by a layer of dark grey silty sandy gyttja with stones
and (layer 3). The upper most part of this Unit includes layers 1-2. Layer 2 consists of a

dark grey clay gyttja with a gradual lower boundary. This layer has a rusty color and is
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more compact. Layer 1 consists of black loose clay gyttja with a rusty oxidized surface

and a gradual lower boundary.

Table 5-2 Lithostratigraphy of Core CP3B, 2.00-6.00 m

2.00-2.09
2.09-2.30

2.30-2.33

2.425-2.52 Mf f f'.u!. A :f'-n.._
2.555-2.58 Jj}f ta gEB=
27452775 _.-_@’ J’ or e between upper gyttiaand -
2.775-2.83 D E ,ﬂ' ”"@"-‘i‘ ¥ AN
A-@' J/' M b AL W
ﬂ yers, gl F’EFT L AN
2.995-3.185  Darkb ﬁf'f-"-*lffﬁij;g e

3.545-3.905 Dark brown finer, partly |

3.905-3.94 = __Dark brown gyftia, gt B

4.075-4,195 = Olive brown clay gyttja, vgLB***

AR TUNN NGNS Y



a) Kumphawapi CP 3A

b) Kumphawapi CP 3B

88

umologyMLayers&descnpﬂon Units
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Figure 5-13 Lithostratigraphy of sediment sequences, Kumphawapi

(a) CP3A and (b) CP3B
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5.2.3 Correlation between CP3A and CP3B

Although individual layers in the two sequences CP3A and CP3B are somewhat
difficult to correlate with each other, sediment units 1-7 have a very good
correspondence (Figure 5-13 a, b). CP3A and CP3B both show a change from low

organic sediments at the bottom of the ences to peat and peaty gyttja in the middle

. //ttja and clay gyttja.
era ag@tibility (MS) and X-ray

alysis of the sediments

part. The upper part (unit 3-1) i

5.3 Loss-on ignitio
fluorescence (X

This sectio

CP3A was dividéd into 20 layer: vhieh \ ere g ed into 7 sediment units. The
lowermost sediments ) v ‘ 5.0 4. CoNSis grey gyttja clay. Magnetic
susceptibility is aroug > S.1.umits il O'ha S values - 6% and the XRF data
shows high values of Si(Z 700 . ts/s , high : Ues 600-1000 counts/s), high

values of Ti (2500-5000 SFy AOV _ e igh Fe values of 3000-6000
counts/s.

Unit 6 is between Al-:-—---- ----:‘ Ihe sediments consist of olive brown

units and loss-on

gyttia (layers 19-18 S 0 5#S.|.

- .
ignition values ‘are P decrease of Si (< 150

counts/s) and aﬂiﬂ in

gradually decrease ( < 3500 counts/s), whlle Mn shows very low values and Fe has

“~HUEIDANANEINA. ...

gyﬁw netic susce t|b||%|s arognd 210 3.2 S.I. ufits, LOI has values of 50- 55% and

- U AT INE TR

The sediments in Unit 4 (3.82-3.33 m depth) consist of blackish-brown peaty

0 ountﬁ In addition Ti values

gyttja and thick layers of blackish-brown peat; these are overlain by a dark brown- black

peaty gyttja. Magnetic susceptibility values are around-2 to 3 S.I. units, LOI values are



90

around 30-60%, Si has very low values, K, Ti, Mn and Fe counts are low, but show
higher values after a depth of 3.5 m.
Unit 3 (2.92-3.33 m depth) consists of a dark brown to black clay gyttja with

coarse organics. Magnetic susceptibility is around 0 to 3.5 S.I. units, and LOI values are

around 10-50%. Si and Fe counts ar the lower part of the unit until about 3.20 m

depth, where they start to -h,_r nd then/grad decrease towards the upper part

of the unit. K and Ti coun ==!.=.1;nmv-:3. atted

The sedi / " ":"ﬂ of dark brown and olive
green gyttja (layers 6 / ISC o\\ \Yo‘ 0'to 5.8 S.I. units, and LOI
values are around.=30-48%. Si, K 2 C -. ow 1 and Fe counts start to

N

increase. - ’
The uppermost -ﬁy nish brown to dark brown

..ﬂl.n.l \
clay gyttja, greenish bro hl wo ac

spots and light laminae and .o.‘:,m;-,p_‘ u;_’_, black clay gyttja at the top. Magnetic

\» ized clay gytjja with reddish

susceptibility is around 1 1o & 5511 ‘..-,- lues are around 18- 28%. The XRF
data show an increase in all :\r’-TEaﬂ'"'

ﬂUEI’JVlEJWI‘ﬁWEI']ﬂ‘i
Qmmnmmmwmaﬂ
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5.4 Chronology

The eight samples selected for AMS “c dating are shown in Figures 5-15 and
5-16 and in Table 5-3. The oldest sample is around 7,842-7,684 cal years B.P. and the

youngest sample dates to around 436

years B.P. Samples UBA-14168 and UBA-

UBA-12661 and UBA-14166. M S to constrain the chronology,
and to evaluate whe are really outtiers, or whether
samples UBA-12662, U UBA-14166.in: "'m too young ages. For the

time being and for thi ol \ e e n all samples except for

_ UBA-14170
@ _
§ o
3 3% M uea-14168
8 ] UBA-14166
m —
s 4o
E '.-r- -
B =~
.y Y |
= F i E UBA-12660
&
o

I

'

o

W

2000 ‘ 4000 6000 8000
Calibrated yea

q Wﬂ ANNIBITTANLALL

presented at the 20 calibrated range (see also Table 5-3.).

According to the dating results, a depth of 3.075 m (Unit 3) would correspond to

a mean age of 436 cal year BP and 3.375 m depth (Unit 3) to a mean age of 2415 cal
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year BP. The top of unit 4 at 3.430 m depth has a mean age of 4891 cal year BP, unit 4
at 3.675 m depth a mean age of 5449 cal yr B.P., while the assumed age for 3.725 m
depth is 5077 cal year B.P. The oldest (7763 cal yr B.P.) sample is in unit 7 at 4.825 m

depth (Figure 5-15). The age of each sediment unit can be estimate based on an age-

depth curve (Figure 5-16) as follows

The top of Unit 7 (4.31-6.00 m der . ah age of ca 6,500 cal years B.P. Unit

N Y j
6 (3.90-4.31 m depth) ha ) : @ cal years B.P., and Unit 5

(3.82-3.90 m dept )[ole n ca 6,000-5;¢ s B.P. Unit 4 (3.33 - 3.82

600 "
m depth) has anwage A uw\% - The age-depth curve
indicates however S [ ( \\ ansition between units 4
and 3. This hiatus  1atall befiveen ~5,000nd,2,000(1 500 cal years B.P. Unit
3(2.92 m-3.33m dg ) s “of ind 2 1,600 — 200 cal years B.P. The
upper part of the sedime

dates to between 200 cal

years B.P. to present

Table 5-3 Results of '“C AMS dating of core

T b2
Units  Sampie 0 Lab Calibrated Material

depth+ ple No.  zerror  ag +.age yr BP
2 ‘. 20 mean
Y

3.75-3.70¢ 3.725 UBA- 4432430 5277-4877+ 5077

3 3.10-3.05 3.075 UBA- 1639+29 339-533 436 Charcoal
12663
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CHAPTER VI

DISCUSSION AND CONCLUSIONS

6.1 Geographical feature, Land- cover change, and Paleogeography
of Nong Han Kumphawapi.

Changing of the rea in t compared with the year 1996

44 km® to mrelations of Land-use map

e in land-use and land cover of Nong Han

represents reduced in the si
from different time pr
Kumphawapi area fro al ver map of this area was
generated based on int [ Jaeri 1 s in conjunction with the
nd 1994 by White (2004).Dry

N

area, but with edaphically (plant

deciduous/dipterocar "' ool \

ditio inflt noed zones and pockets of
semi-evergreen and ripari Indated fores e vegetation mosaic is reflected in a
patchy distribution of a wide ran ,;.;-_,.... ‘natural resources including wild rice,
yams, and other useful an lible pl 3S | a imals.

: ’ﬁ?{a‘ Department from the

rat-areas. The disturbance of

dry dipterocarp/de xﬂsion of agricultural area.

The land- Ii!ﬁy 2 f NGe ;i a ice paddies and

sugaroaﬁlll ETe. Ci]luﬂm/ra tﬂpﬂ;ﬂ ﬂst ing to exist in the
region. The lake feature had changedﬁfter the dam wagsbuilt in 1994.

A WAL I NG B

aarlcultural pattern in Nong Han Kumphawapi area. The lake was dam due to the irrigation

year 1985 shows t

cﬂuous forests had occurred due to the e

project which supports the expansion of agriculture. Moreover, modern day agricultural take
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advantage of the landscape mosaic to maintain a broadly based cropping system, although
dependent on inundated rice, including both swidden and horticultural techniques. Overall,

these results show the impact of human activities in the lake cachment area due to

increasing of population and their

6.2 Lithostratigraphic co

This section p

consist of clay gytij

e , .
Rl \'\ sist of gyttja clay at the
yttja “ e sequences (CP1-CP3)

show an incomplete ' t : ne lake margin. The sediment data

lowermost and ove

of KUM.3 reveals a fin the-t - . i sts the periodic absence of
water. This sequen 1Y yint P3A Th change from sand to clay
as the establishment of more
permanent lake condition ' >lay lox n _ eq UM.3 can be well correlated with
the gyttja clay in the bottom =_o _pg.rgfg,,@P <UM.3 core, the lacustrine clay loam
changes to peat, w i cle development of fringing

777777777777777 vl

on can be cor@ted to the changes from

swamp or rood'r r level, probably as a
direct result of momrid condition’
gyttja clay to higher or‘aﬁsedlments such awtta and peat, respectively in CP3A. The

B AR ATHIA A o

sequence mPenny s core. The upper art of CP3A ConS|sts of clay gyttja and gyttja These

TRTAY rrwww MYTAY
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Figure 6-2 thhostrat|graphy correlation of CP1, GP2, CP3, CP3A aﬁCP3B
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6.3 Paleoenvironment, paleoclimatic and paleogeographic reconstruction
The bottom sediment of Penny’s core have an age of 12,270 270 B.P. uncal. The
pollen data suggest dry climate with low abundance of trees and low total species diversity

e ground cover (Kealhofer, 1996, 2002) The

/o ment of this period show as below

According to t odel, the “’1’[ sequence can be divided

and phytolith data show burning regi

conceptual model of paleogeo

(see Figure 6-3a)

into five time periods

> 6000 cal yr
a high lake level, with low

t- ea. The higher Si, K and

i input. Low values for LOI

indicate lo dime The homogenous, gyttja clay

accumulated d ime fs! sl gestive of en water condition and gradually

infilling of the basi weyer, around: al yr B.P., a decrease in Si, K and Ti

counts is observed and possibly rela

e

lo decreasing sediment input. This is

correlated, to hig higheg-organic content of the

sedimerits, =\ ))-shoW that this period may

palyaciog 5

e combined data may thus

e

have been sub

|
suggest a terval of higher monsoon intensity. .'li!- conceptual model of

paleogeograprrﬂpaleoenwronmentﬂhls period show as below (see Figure 6-

ﬂ‘lJEJ’J'VIEJV]iWEJ’]ﬂ‘i

6000 5000 cal yr B.P.

AR e ﬂbﬁeﬁuﬁeﬂd i Y
which corresponds to very high LOI values, low MS values and low K, Ti and Si
counts. This may indicated a productive wetland and a low level lake with low

minerogenic input.
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This change seems to represent not a gradual natural infilling, but an
external process. Human activities may cause this abrupt change, but based on
archaeological data, there is no evidence of any settlement before ca 5,000 years

B.P. Thus, a gradual natural infilling s more reasonable than human activities.

Another cause for the lake leve > have been erosion of the outflow.

The outflow occurs 3y however | }odplain with a very low slope. It
> that erosion-of-the-outflow could have caused the

e climate change. From

palynologic ollen taxa is indicated.

Moreover, hi Id indicate more frequent
or more intens . &, 'the data suggest a dry environment, which
may conceptual model of
riod show as below (see Figure 6-

3c)

5000 - 2000 cal yr

The age-depth |..r.'=E:'.‘.’::F.‘..'.: )atus around 5000 cal yr B.P., or a very

.!- _.i"‘;_.-",.!#.,.-'f

low sedimentation 3000 yea only around 30 cm of

ke levelis-dow and the lake receives
L

low mine --g;p C ve-occurred naturally through
i

a decrease :H monsoon intensity or could be related -ld uman activities. The Ban

Chiang culturefpﬁﬁe [-VI occurred an this period. Prehistoric settlements

del of pale gr aleoenvironment o |s period show as

below (see Figure 6-3d)

Q‘W']Mﬂifu 111&'1'37]8']3 d

2000 - 400 cal yr B.P.
The sediments during this interval point to a rise in lake level and to wetter

conditions. Lower LOI values and higher minerogenic material as indicated by major
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elements supports the rise in lake level and could suggest stronger monsoon
intensity. The finer grained clay gyttja suggests lower energy inflow as compared to

the bottom sediments. In addition, Phase VI of Ban Chiang occurred around this

period of time. Ban Muang Phruk (it ng Han Kumphawapi lake cluster) has a
[ { ) le of Ban Chiang phase VI. The
conceptual model leogeograp wronment of this period show as

below (see Fig c -—

seems to decrease again,

the middle part and up

to present, t igher;-asHs the \ input to the lake. Sometime
during this peri A Kumiph \ \E ined its present status. The
conceptual \v

209208 aphy,and paleo on nent of this period show as

..i#”
o S

Kumphawapi undervve i several ph ith higher/lower lake levels, which

e A

potent|al 0 Jted to changes ir intepSity. The sediment from

Nong Ha fy‘ 1@‘ to reconstruct past

o
“~FUH AN L. o.ooo.

sites and paleogeography Location c‘prehlstorlc and historic sites (Figure 6%4) report here

A RRFIB oK VAR AEH B B o

p enmal lake than the prehistoric sites. Prehistoric sites are mostly established further

below (see Fig

Overall, th ed proxy data indicate that Nong Han

around the highest lake level Most of the establishment is on low terrace.
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The highest lake level occurs in > 6000 cal yr B.P. with there is no evidence of
human interaction during this period of time. The abrupt lowering of lake level occurs during

6000 - 5000 cal yr B.P. while the Ban Chiang cultural started after the end of this period. The

first human occupation occurs while the lake is in the transition stage (5000-2000 cal yr.
| rehistoric settlement distribution
pattern shows a fairy de ; g ites. historic sites occupied the
margins of the Kum

pied the more hazardous

terrain nearer to th

B.P. to present co y ¢ - , oric ‘~ ites. The historical sites
occupied nearer area ong i\\ \

status during 2000 cal yr

I ows the close relationship
iy
between human a i """ ’ng occupation from hunting and

gathering to agricultur an’ ' er to l’\ Thus, the movement of the

settlements could reflect Sute.by. expang ulation and their need for water.

ﬂUEJ’JT’IEJTIﬁWEJ’]ﬂ‘i
amaﬂn‘imummmaa
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Table 6-1 Paleoenvironment and paleoclimate of Nong Han Kumphawapi

Age Climate Monsoon
Age cal yr B.P. Lake characteristic Indicators
(B.C.) condition intensity
Middle part of
; MS +
interval to present "'-.‘
1igh minerogenic i ,-. ! XE Warm and wet
productivity | +
400 cal yr B.P. to \
present
Early part of Warm and wet
interval
2000 - 400
Warm and wet
cal yr B.P.
—+
5000 - 2000
cal yr B.P.
(Hiatus) Cold and dry -
6000 - 5000 | ¥4050-3050 |
calyr B.P | B.
Low minerogenic input XREF - Cold and dry --
, i' Fo. Productive wetlzw LOI +
050 f
> 6000 B igh lake lev +
ﬂ .C.
High l‘nerogenic input ﬂRF + Warm and‘gI ++
f L] . 1 L] LN L ] i ik
DW, prod [ O ‘ .
.l lh T ﬁ ¥ —J lq [ —J
mark

"

+ = Strong monsoon intensity ~ ++ = Stronger monsoon intensity

- = Weak monsoon intensity -- = Weaker mosoon intensity
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c. 12000 yr BP a
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c. 5000 - 2000 cal yr BP d

Figure 6-3 a-e C %. a d s paleoenvironment.
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LOI Data of 379 samples
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LOI LOI
SaI{l“p'e Depth | 550°C | 950°C
0. % %
1 5.975 | 4.96997 | 1.865616
2 5.965 | 5.037067 | 1.909211
3 5.955 | 5.221339 | 1.910055
4 5.945 | 5.462446 | 2.058763
5 5.935 | 5.642715 | 2.086602
6 5.925 | 5.459982 | 2.037718
7 5.915 | 5.457204#*2.085399
8 5.905 | 5.522811 41994029
9 5.895 | 5.563432 | .1.98475
10 5.885 | 5.562799¢| 1.999131
11 5.875 | 5.635236 | ,2.044971
12 5.865 | 5.603336/| 2.036561
13 5.855 | 5.652144 | 2.059768
14 5.845 | 5704864 201561
15 5.835 | 5.891892 | 2.0538559
16 5.825 | 6.089076 |2.072013
17 5.815 | 5.979855 | 2.097594
18 5.805 | 5.864449 | 2083423
19 5.795 | 5.838389 | 2.17181
20 5.785 | 5.901474 | 2.128926
21 5.775 | 6.001375 | 2.116688
22 5.765 | 5.950508 | 2.097935
23 5.755 | 6.009701 | 2.11142
24 5.745 | 6:006819 | 2.154582
25 5.735 | 5:939801 | 2.220272
26 5.725 | 5902598 | 2.209311
27 5.715 | 5:847104 | 2.236547
28 5.705 | 5.842296 | 2.26564
29 5.695 | 5.779468 | 2.326305
30 5.685 | 5.655995 | 2.432517
31 5.675 | 5.5886821('2.506761
32 5.665| 5.687989 | 2.328578
33 5.655 |.5.698474 [2.290793
34 5645 | 5.683041 | 2.308627
35 5.635 | 5.676885 | 2.271427
36 5625 .4+5.647767+| 2:283614
37 5.615/[15.756973 | 2.306037
38 5.605{ 5.807677 | 2.169132
39 5.595 | 5.639458 | 2.195374
40 5.585 | 5.639499 | 2.183971
41 5.575 | 5.615052 | 2.206959
42 5.565 | 5.66331 | 2.196391
43 5.555 | 5.65422 | 2.194692

LOI Lol
Sal{l“p'e Depth | 550°C | 950°C
0. % %

44 | 5545 | 5.683189 | 2.04736

45| 5535 | 5622572 | 2.084973

46 | 5.525 | 5.610549 | 2.151582

47 | 5515 | 5.491904 | 2.148243

48| 5505 | 5.503527 | 2.116057

49| 5.495 | 5.633036 | 2.153986

50 | 5.485 | 5.515695 | 2.086697

51|  5.475 | 5555236 | 2.120253

52 | 5465 | 7.316875 | 2.861891

53| 5.455 | 5.101848 | 2.046381

54| 5.445 | 5.884638 | 2.281997

55|  5.435 | 5.450776 | 2.203719

56| 5425 | 5528859 | 2.076993

57 | 5415 | 5.485292 | 2.123064

g 58 | 5.405 | 5.397437 | 2.123309
59| 5895 | 5.379833 | 2.238059

60 | 5.385 | 5.338785 | 2.185619

61 | 5.375 | 5.372252 | 2.163998

62| 5.365| 5.34545 | 2.205901
~ 63| 5.355 | 5244062 | 2.243779
64| 5345 | 5.144443 | 2.290905
~ 65| 5.335 | 5.134565 | 2.295515
" 66| 5.325]5.093984 | 2.368576
67 | .5.315 5.183168 | 2.352531

68| 5.305 ) 6.182074 | 1.306339

69 | 529 | 6.141694 | 1.327208

70 | 5285 | 6.11926 | 1.266621

71| 5275 | 6.967985 | 0.444834

72| 5.265 | 11.15583 | -3.68068

73| 5.255| 6.06674 | 1.341738

74 | 5.245 | 6.087033 | 1.290568

75'|| T5i235 | 6196788 | 1.234991

76 || 5225 | 614945 | 1.248525

77| 5.215 | 6.135591 | 1.261768

78 | 5.205 | 6.109748 ] 1.203834

79, | 1 /5.195 1| 6:095485 [:1.291171

80 | 1/5.185/| 6.144621 | 1.244399

81| | 5175 6.181917 | ~1.17405

82| 5.165|7.111192 | 1.397811

83| 5.155 | 6.208368 | 1.18347

84 | 5.145 | 6.124238 | 1.195401

85| 5.135)6.111715 | 1.25881

86 | 5.125]6.166769 | 1.2395
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Lol LOI

Salilnp'e Depth | 550°C | 950°C

0. % %
87 | 5.115 | 6.153969 | 1.248399
88| 5.105 | 6.161192 | 1.130415
89 | 5.095 | 6.307472 | 1.076885
90 | 5.085 | 6.234473 | 1.141607
91| 5.075 | 6.184413 | 1.20429
92| 5.065| 6.15082 | 1.143607
93| 5.055 | 6.170116 | 1.213481
94 | 5.045 | 5.998152 | 30,6947
95| 5.035 | 5.962867 | 1.159474
96 | 5.025| 5099562 1.0103
97 | 5.015 | 5.9586144'1 146846
98 | 5.005 | 6.085839 | 4102848
99 | 4.995 | 6.043628'| 1.338307
100 | 4.985 | 6.068861 |4 258829
101 | 4.975| 6.13728 | 1.820512
102 | 4.965 | 6.809681 | A4.259437
103 | 4.955 | 6.420604 1253219
104 | 4.945 | 6.697997 | 1.363309
105 | 4.935| 6.62798 |/1.322438
106 | 4.925 | 6.553816/ 1.329483.
107 | 4.915 | 6.645694 | 1867589
108 | 4.905 | 6.612756 | 1.408634
109 | 4.895 | 6.554682 |/ 1.310936
110 | 4.885 | 6.320284 | 1.311325
111 |  4.875 | 6.459442 | 1.310991
112 |  4.865 | 6.567572 | 1.400475
113 | 4.855 | 6:318129 | 1.338007
114 | 4.845 [\5.922728 | 1303691
115 | 4.835 | 5.872401 | 1.293282
116 | 4.825 | 5.90759 | 1.317438
117 | 4.815 | 6.066726 | 1.312774
118 | 4.805 | 5.642371 | 1.340014
119 | 4.795 | 5.593542 | 1.34545
120 | 4.785.] 5,601039 | 1.322522
121 | lagys | 5551334 | 1.363836
122 | 4.765 |'5.525801 [[1.47748%
123 | 4755 | 5.618661 | 1.399594
124 | 4.745 | 5.558329 | 1.489433
1257 £ 47785/"5 570063 1581278
106 | 4.725[15.659532 | 1.507841
127 | 4715 | 5643213 | 1.59004
128 | 4.705 | 5.345622 | 1.754992
129 | 4.695 | 5.197824 | 1.920126
130 | 4.685 | 5.575994 | 1.546917
131| 4675 | 5.161973 | 2.019903

LOI LOI

Sal;“p'e Depth | 550°C | 950°C

0. % %
132 | 4.665 | 4565588 | 2.82226
133 | 4.655| 4.9947 | 2.39135
134 | 4.645 | 5.467053 | 2.032042
135 | 4.635| 4.9001 | 2.701194
136 | 4.625 | 3.853644 | 3.546172
137.] 4.615 | 4.357388 | 3.230241
138 | 4.605 | 3.364035 | 4.526564
139 | 4595 | 6.086855 | 1.412709
140 | 4585 | 3.281663 | 4.116336
141 | 4575 | 6.144949 | 1.329514
142 | 4565 | 2.848891 | 4.567037
143 | 4555 | 3.218164 | 4.649556
144 | 4545 | 4.21203 | 3.704616
145 | 4535 | 6.510417 | 1.260965
146 | 4525 | 6.561481 | 1.198513
147 | 4515 | 6.528159 | 1.272587
148 | 4505 | 6.578209 | 1.25471
149 | 4.495 | 6.60997 | 1.275682
150 |  4.485 | 6.715431 | 1.151661
151 |  4.475 | 6.712885 | 1.192739
152 | 4.465 | 6.739091 | 1.235124
. 153 | 4.455 | 6.875235 | 1.202227
- 4154 | 4.445 ] 6.986528 | 1.271092
155 | 4.435 | 7.022336 | 1.220318
. 156 | 4.425| 7.05915 | 1.266925
157 4.415| 7.18055| 1.32119
158 | 4.405 | 7.397586 | 1.330468
159 | 43954 7561826 | 1.391091
160 | 4.385 | 7.626711 | 1.311934
161 |  4.375 | 7.572868 | 1.298465
162 | 4.365 | 7.949438 | 1.015918
163 | 4:355 | 7.971281 | 0.998711
164 | 4.345 | 7.960604 | 0.98491
165.|, .4.335.] 7.315492 | 1.694601
166.|  4.325 | 5.804085 | 3.266732
167 4.315 ] 8.095153 | 1.133411
168 | 4.305 | 8.143727 | 1.467114
169.| 4.295 | 8.712348/| 1.142031
170, | 3 /4.285 1| 97105897 |1.090679
172 | | 4.275| 9.397678 | 1.031516
172 | 7 4.265 | 9.078081 | 1.331138
173 | 4.255 | 9.280822 | 1.125245
174 | 4.245 | 9.235229 | 1.131971
175 | 4.235 | 9.210834 | 0.99172
176 |  4.225 | 9.054013 | 1.007115




118

Lol LOI
Salilnp'e Depth | 550°C | 950°C
0. % %
177 | 4.215 | 8.586055 | 1.324356
178 | 4.205 | 8.89804 | 0.985196
179 | 4.195 | 8.803767 | 1.083918
180 | 4.185 | 8.814445 | 0.980043
181 | 4.175 | 8.775795 | 0.988822
182 | 4.165 | 8.740922 | 1.047625
183 | 4.155 | 8.729148 | 1.122232
184 | 4.145 | 8.311511 | 1.440282
185 | 4.135 | 7.451034 | 2.3216
186 | 4.125 | 5.695469 | 4.230769
187 |  4.115 | 9.0143514'1 156069
188 | 4.105 | 9.549038 | 41930624
189 | 4.095 | 9.877908'| 1.279768
190 | 4.085 | 10,28041 |4 340009
191 | 4.075 | 10.62718 | 1.816299
192 | 4.065 | 10.55056 | 4185741
193 | 4.055| 982659/ 2284613
194 |  4.045 | 7.536092 | 4.821944
195 |  4.035 | 11.93013 |/1.448299
196 | 4.025 | 11.38543/] 1.416017.
197 | 4.015 | 11.31808 | 11132553
198 | 4.005 | 9.648749 | 2.901024
199 | 3.995 | 12.09457 |'8.376192
200 | 3985 | 14.1862 | 2.802819
201 | 3.975 | 20.91284 | 2.965446
202 | 3.965 | 24.8528 | 2.959405
203 | 3.955 | 3021769 | 2.544218
204 | 3.945 |\43.25748 | 3.328945
205 | 3.935 | 4761149 | 2.218669
206 | 3.925 | 5L.4904 | 2.075513
207 | 3.915 | 59.60603 | 1.945525
208 | 3.905 | 59.98239 | 2.047105
209 | 3.895 | 59.7416 | 1.963824
210 | 3.885.] 55.86541 | 1.843743
211| BB75| 554485 | 1.927047
212 | 8.865 |54.12154 [[1.835138
213 | 31895 | 52.56277 | 1.867607
214 | 3.845 | 52.62555 | 1.783085
2157| Cf 3'885/"51,96003"| 11985652
216 |\ 3.825/| ' 53:2229 | 1968181
217 |  3.815 | 51.50346 | 2.862196
218 | 3.805 | 53.1224 | 2.081599
219 | 3.795 | 52.21012 | 2.210122
220 | 3.785 | 52.59472 | 1.973894
221 | 3.775 | 52.65879 | 2.049483

LOI LOI

Sal;“p'e Depth | 550°C | 950°C

0. % %
222 | 3.765 | 54.34963 | 2.071251
223 | 3.755 | 57.96037 | 1.998633
224 | 3.745 | 57.65588 | 1.953433
225 | 3.735 | 50.25601 | 2.284364
226 | 3.725 | 54.79561 | 2.093719
227.] 3.715 | 53.06122 | 2.082895
298 | 3.705 | 49.56537 | 2.113516
229 |  3.695 | 53.32817 | 1.993034
230 | 3.685 | 51.39635 | 1.969209
231 | 8675 | 51.74094 | 1.948703
232 | 3.665 | 52.50943 | 2.059762
233 | 3655 | 51.36716 | 2.671092
234 | 3.645 | 52.31375 | 3.56088
235 | 3.635 | 51.59793 | 2.98161
236 | 3.625 | 52.10383 | 3.035378
237 |  3.615 | 53.07214 | 2.502589
238 |  3.605 | 54.30043 | 1.905579
239 | 3.595 | 56.99835 | 2.126342
240 | 3585 | 50.29294 | 2.689747
241 | 3.575| 54.7066 | 2.220864
242 | 3.565 | 51.66258 | 1.942597
. 243 | 3555| 53.4969 | 1.77665
w244 | 3545 | 52.62902 | 2.564103
245 | 3.535 | 50.44313 | 2.240276
. 246 |  3.525 | 49.50069 | 1.997235
" 247] 3515]| 49.1218 | 2.270456
248 |  8.505 | 51.29511 | 2.182771
249 | 3495 54.27221 | 2.093887
250 |  3.485 | 48.55277 | 2.279713
251 |  3.475 | 46.35936 | 2.47678
252 |  3.465 | 6.504961 | 4.504646
253 | 3455 | 45.06304 | 2.410489
254 | 3.445 | 46.33503 | 2.255366
255 |, .3.435.] 46.28223 | 2.231599
256.| 31425 | 39.04013 | 2.633336
257.)0 3415 | 36.20148 | 3.354616
258 | 3.405 | 33.75178 | 3.087005
259.] 3.395 | 32.51021/] 2.934339
260, | 11/3.385 | 8227729 |f2.701642
261 | | 3.375/ 3096961 | 3.534161
262 | " 3.365 | 31.30501 | 2.984048
263 | 3.355 | 28.44139 | 3.005894
264 | 3.345 | 27.44182 | 3.072763
265 | 3.335 | 26.50429 | 3.148949
266 | 3.325 | 27.41406 2
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Lol LOI
Salilnp'e Depth | 550°C | 950°C
0. % %
267 | 3.315 | 25.21572 | 1.956857
268 | 3.305 | 24.35042 | 1.632725
269 | 3.295 | 24.08422 | 1.694549
270 | 3.285 | 22.34556 | 2.916275
271 | 3.275 | 23.27557 | 1.878144
272 | 3.265 | 24.04706 | 1.619433
273 | 3.255 | 2529334 | 1.459372
274 |  3.245 | 19.00677 | 5.931238
275 | 3.235 | 15.70684 | 6.994236
276 | 3.225 | 13.18695 | 8.468156
277 |  3.215 | 14.27521./7.538428
278 | 3.205 | 15.09933 | 61610618
279 | 3.195 | 18.11208'| 3.277053
280 | 3.185 | 18,8988 [8.185646
281 | 3.175 | 18.11477 | 3472774
282 |  3.165 | 18.10874 | 8335557
283 | 3.155 | 16:890164] 3.309558
284 | 3.145| 16.5381 | 3.314402
285 | 3.135 | 16241 |8.162496
286 | 3.125 | 17.85114J] 3.174937.
287 | 3.115 | 17.59818 | 31453973
288 | 3.105 | 17.10704 | 8.055338
289 | 3.095 | 16.36879 | 8.183905
290 | 3.085 | 16.86258 | 3.404336
291 | 3.075 | 17.75154 | 3.1908%
292 |  3.065 | 17.48236 | 3.297466
293 | 3.055 | 18105429 | 3.227646
294 | 3.045 [\18:22948 | 3491004
295 |  3.035 | 2140825 | 3.456155
296 | 3.025 | 23.86702 | 3.473371
297 | 3.015 | 24.35233 | 3.494088
298 | 3.005 | 2337521 | 3.521018
209 | 2995 | 22.77387 | 3.54423
300 | 2.985.] 21.9326.|3.369816
301 | P75 | 21.33384 | 8.328233
302 | 2.965 |/22.717437 [8.27312%
303 | 2955 | 35.34428 | 3.176295
304 | 2945 | 4457286 | 2.788945
3050| £ 2'985/47.03682"| 2733026
306 ||\ 2.925/|46.24633 | 2564788
307 |  2.915 | 43.25945 | 2.842243
308 | 2.905 | 44.14216 | 2.647059
309 | 2.895 | 445622 | 2.876609
310 | 2.885 | 46.02649 | 2.715232
311| 2.875 | 48.61619 | 2.558747

LOI LOI
sal:Iane Depth | 550°C | 950°C
0. % %

312 | 2.865 | 49.39794 | 2.496329
313 | 2.855 | 48.92332 | 2.573529
314 | 2.845| 49.1369 | 2.64881
315 | 2.835 | 48.46735 | 2.55442
316 | 2.825 | 45.84298 | 2.715218
317.] 2815 44.76041 | 2.70936
318 | 2.805 | 43.78525 | 2.932551
319 | 2795 | 43.0692 | 2.906126
320 | 2.785 | 42.97122 | 3.026927
321 | 2775 | 42.21604 | 2.998411
322 | 2765 | 40.1469 | 3.188821
323 | 2755 | 38.80363 | 3.116192
324 | 2,745 | 29.86078 | 3.680589
325 | 27385 | 27.5278 | 3.952096
326 | 2.725| 26.6055 | 3.885591
327 | 2715 | 24.64377 | 3.824809
328 |  2.705 | 20.77313 | 3.840929
329 | 2.695 | 18.42214 | 3.582311
330 | 2685 | 18.35722 | 3.572216
331 | 2.675| 19.0542 | 3.885509
332 |  2.665 | 22.26878 | 3.724395
., 333 2655 23.85257 | 3.741307
~ .334| 2645 | 23.93913 | 3.789874
335 | 2.635| 24.2705 | 3.504709
~.336| 2.625 | 23.63709 | 3.540887
" 337] 2615 22.86791 | 3.523141
338 | 2.605 | 22.78346 | 3.537937
339 | 2595 215453 | 3.602001
340 | 2585| 19.7433 | 3.800176
341 | 2575 | 18.27993 | 3.597527
342 | 2,565 | 17.77181 | 3.540512
343 | 2855 | 17.22253 | 3.560235
344 | 2545 | 16.14257 | 3.572605
345 |, .2.535.] 15.41561 | 3.608654
346.| 21525 | 14:84991 | 3.638825
347 2515 | 18.70585 | 3.443973
348 | 2505 | 16.76286 | 3.495651
349.] 2.495 | 17.40181/] 3.495836
350, | 01 /2.485 || 4831272 |3.488597
351 | | 2.475| 17.54915 | 3.484864
352 | | 2.465 | 17.60677 | 3.565673
353 | 2.455 | 17.54194 | 3.318745
354 | 2445 17.23722 | 3.52888
355 | 2.435 | 17.04169 | 3.242886
356 | 2.425 | 17.10475 | 3.34891




AU ININTNGINS
QRININIUNRINYIAE

LOI LOI
Sa,\’}‘p'e Depth | 550°C | 950°C
0. % %

357 2.415 | 18.33509 | 3.352812
358 2.405 | 20.68573 | 3.542411
359 2.39 70737 | 3.365445
360 928 | 3.671627
36 876468
3 9308

5| 22. 69
P .345 | 20.11 4
335 {20.8
5 121.7:
0
85 |.16. ,
3 L 1
2 26 6 4
7 2.0 4 9
s
5 2.235. 263
78 -4 ! 6
3 - 5
] i 4 4
9 77 G 7.458944
1T
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