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b h h l ( h i h• About the Khorat Plateau (Esan Physiography
and pre‐Quaternary geology)

• Methodology
(Remote sensing geomorphology(Remote sensing, geomorphology, 
stratigraphy, geochronology)

• Our Results (Basalt of southern Esan Tektite• Our Results  (Basalt of southern Esan, Tektite 
ages and Ongkarak Fault )

• Discussion (Climate and environmental change 
and Thakaek Fault)



Introduction :Introduction : 
Physiography

Khorat 
Plateau with 

the elevation of 
about 200-250 

m msl

2  basins
Sakon Nakhon

Basin and 
Khorat _Ubon

iBasin

Khao Phupan



IntroductionIntroduction

• ESAN (or NE 
Thailand) terrain 
is the outstanding 
landscape 
because itbecause it 
consists of the ~3 
km thick,km thick, 
subhorizontal
sedimentary 

f hstrata  of the 
Khorat Group

Charusiri et al. (2009)



IndiaIndia –
AsiaAsia 

collision 
after 45 
MMa



Indochina andIndochina and 
Simao Terranes

• Khorat Group• Khorat Group 
continental rocks 
of the Indochina 
terrane  (ESAN) ( )
can be correlated 
with those of thewith those of the 
Lanping‐Simao
terrane Morleyterrane Morley 

(2012)



Khorat is a  
l fllarge flat 
area witharea with 
higher 

elevation 
than itsthan its 

surrounding g
region



MethodologyMethodology

• Remote sensing information
• Geology and StratigraphyGeology and Stratigraphy
• Geomorphology
• Geochronology



The NW‐SE 
trending 
large and g
broad fold 
structuresstructures 
affect the 
KhoratKhorat 
Group of 
the Khorat 
Plateau and 
nearby 
areas.areas.

Morley (2012)



The western edge of 
the Plateau marks a 
transition betweentransition between 
the more intense 
structures of 

northern and centralnorthern and central 
Thailand and the 

Pl t d iPlateau, producing a 
widespread uplift p p
and erosion of the 
Khorat Group rocksKhorat Group rocks

Morley (2012)



The deformation in 
the Khorat Group p
can constrain 
between a 
cessation of 
Cretaceous 

deposition (70‐80 
Ma) and the onset 

of rift basin 
development (+ 30 

Ma).



The uplift associated with foldings in the Plateau may have 
occurred during 40 Ma, suggesting Paleogene compressional

setting was an essential tectonic event in the Plateau and nearby 
regions

DMR map

AFT by UptonAFT by Upton 
(1999)



Such uplift and tilting of the Khorat are inferred to be 
associated with sinistral movement along the 
reactivated Three‐Pagoda and Mae Ping Faults. 

ModifiedModified 
after 
SinsakulSinsakul
(2000)



During 1 ‐3 Ma, E‐W 
trending mafic magmatism g g
was generated  in southern 

ESAN and 
during 0.7 to 24 Ma, N‐S 

trending  bimodal g
magmatism in southern 

ESAN 

both occurred as a result 
of  continental rifting in the 
southern Khorat Plateau 
and may have caused 
tilting of the southern g

ESAN



Mun and Chi Rivers of the Plateau were 
gradually developed and continued tilting maygradually developed and continued tilting may 

have generated small alluvial terraces



Stratigraphic correlation of Quaternary sediments in Khorat 

Plateaqu (Nutalaya et al., 1989)



0.78 – 0.8 Ma meteorite impact may have taken place onto the Plateau causing 

l i  t t l d d t di t  ll  th  Pl tvoluminous catastroloess and dust sediments all over the Plateau,.

“the Buntharik astrogeological event” caused by the “Euraustralasian cometary

i ” (B   l  2007  2009)impact” (Bunopas et al., 2007, 2009)



Dating of tektites reveals the age of the event between 0.709 - 0.770 ± 0.020 Ma 

(Blum et al  1992; Gentner et al  1967; 1969; Izett and Obradovich  1992 and (Blum et al., 1992; Gentner et al.. 1967; 1969; Izett and Obradovich, 1992 and 

Zahringer, 1963). 

d h li ’ fi h i l f Ch h h• Large tear drop or perhaps Flintstone’s  fighting tool from Chum Phae, Khon Kaen. 
(2.5‐1.0) width X 11.0 long cm

• Comet track



Impact: Tektite products and their 
effect 

Fragmented layered tektites mainly from Buriram,
northeastern Thailand, collected by Howard during
2002.

Buried petrified burnt tree in the
contemporaneous mudflows and avalanches
with gravels at south Khorat at a terrace at Ban
Krok Duen Ha. A splashed tektite specimen was
found embedded in the mudflow covering the
t Th t l k d th i ttree. The terrace gravels marked the impact
surface, seen under nearby catastroloess

Thailandite tektite



Than Chang Sandpit near Nakhonratchasima city: 
f k d h f h h kTL Ages of tektites ~0.8 Ma and  those of the thick 

sequences of Quaternary /Neogene sand deposit 
f 0 1 t 0 4 Mfrom 0.1 to 0.4 Ma







GeoIndo (Khon Khaen) conf 2005GeoIndo (Khon Khaen) conf. 2005



Location of Buntharik tektite in 
Ubonratchathani





Stratigraphy 
of the 

QQuaternary 
sedeiments atsedeiments at 
Buntarick area



Ages of Tektite and Quaternary sand, 
Ubonratchathani





Location of Impact 
crator based oncrator based on
Be abundance 
of tektiteof tektite



Evolution model of 
the upper part of the 
Thachang sandpitThachang sandpit



Summary of the effect Fish remainFish remain

• Catastroloess sediments
• TektitesTektites
• Forest fire and burnt trees

• Extinction of some MioceneExtinction of some  Miocene
animals

Stegodon molar



Ongkarak FaultOngkarak Fault



The major NW-trending Ongkharak Fault may have been reactivated in 
the western edge of the Plateau (Nutalaya and Rao, 1981)g ( y , )



Morphotectonic features along the 
Ongkarak Fault



Field and Remote sensing result: 
7 fault segments were identified

l k1. Klong Sakae F
2. Ban Na F.

3. Khao karieng F.
4 kh k4. Nakhon Nayok F.
5. Klong Maenam Nai F.

.
6 O k k F6.Ongkarak F.
7. Khao Satont Song F.



Detailed topographic map of Ban Khao Karieng ,  Amphoe
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p g p p g , p
Muang, Nakhon Nayok, showing trench and fault locations
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GPR method was used to help  identifying the concealed 
f lt b f t hifault before trenching

Fault



Fault was identified at Ban Khao Karieng

Trench

50 

เซนตเิมตร



Paleoseismic
Trenches were 
made across somemade across some 
fault segments



Thermoluminescent Dating of sediments associated with fault 

Glow curve of 
CM 1‐8

Growth curve of CM 1-8
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Quaternary stratigraphy of the Ban Khao Chong Karieng trench  

680
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7,500
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Ban Khao
Karieng faultKarieng fault 

segment

With the maximum 

paleoearthquake of paleoearthquake of 

Mw 6, slip rate of 

about 0.2 mm/yr, and 

return period of return period of 

about 600 yr 



Thakhek Fault 
in Thai-Lao Chinaa ao

border and at 
the northern

21oN

Lao PDR

Myanmar

the northern 
edges of the 
Plateau is

 Louangphrabang  

Xayaburi Dam SitePlateau, is 
preliminarily 

regarded as the
19oN

 Xaignabouli  

 Chiang Mai   Nan  

Xayaburi Dam Site

regarded as the 
active fault if 

careful
 Vientiane  

icareful 
investigation 

will be made in
17oN

 Loei  

Thailandwill be made in 
the future 99oE 101oE 103oE 105oE

 Khon Khaen  100 km



ConclusionConclusion

Kh t Pl t lift d d i P l (~40 M )• Khorat Plateau was uplifted during Paleogene (~40 Ma) 
deformation

• Volcanic Eruption (0 7 ‐ 25 Ma) in southern ESANVolcanic Eruption (0.7  25 Ma) in southern ESAN
• Uplifting and tilting  (<1 Ma) in southern ESAN
causing the main rivers and their river terrace depositioncausing the main rivers and their river terrace deposition 
+ Boontharik meteorite impact (0.7‐0.8 Ma)
+ Catatroloess causing Climate change  and extinction of g g
animals

+ Not only Ongkarak Fault is still active but also some 
(Th kh k Th i L b d ) i h h i(Thakhek at Thai‐Lao border) with the maximum 
paleoearthquake of Mw ~6 



Thank youThank you 
for your kind attention




















