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Application of DEM-GIS to table-top landform mapping:
A case study in the Khorat Geopark

Tinn Thirakultomornl, Athiwat Phinyoyang1, Tharapong Phetprayoonz, and Sunya Sarapirome1

! School of Geoinformatics, Institute of Science, Suranaree University of Technology, Nakhon Ratchasima, Thailand
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Abstract

Table-top hill and mountain landform of the northeastern part of Thailand, or the
Khorat Plateau, is very remarkable and eminent compared to other types in the country. To
systematically map this type of landform by capturing individual hills and mountains in form
of (Geographic Information System) GIS data layers as the study objective, their
morphometric parameters in shape, size, relief, and retreat were required to qualitatively and
quantitatively analyze first. The GIS feature layers and their attribute tables were then
designed fashionably to assure that they can be captured successfully and useful for further
applications. To achieve the study objective, the Khorat geopark was selected as a case
study due to its proper areal extent and availability of parameters characterizing landform
features. The study applies fine-grid Digital Elevation Model (DEM) data and GIS technology to
mapping and recording spatial and attribute data of the landform. Definitions of plateau,
mesa, and cuesta, table-top landform features found in the area, were provided for common
understanding. Total 17 features were able to map successfully in basic data layers of top
and bottom areas of spatial features. They were separated from each other by the cuts of
ancestral drainage down to the toes of front scarps and left as water/wind gaps and an array
of isolated table-top features in the former continuous ridges. All morphometric parameters
were analyzed and attributed as attachment of features. Table-top landform of the area can
be recognized as two trends, namely Phra Wihan (PW) and Phu Phan (PP), which are aligned
parallel to the strike of caprock strata they are shaped from. They are named after the
original geologic formations of the trends. The shape of features can be classified into 3 plan
forms i.e. blade-like, elongated, and peculiar isolated. Almost features are the standouts of
tilting-table top hills and mountains meeting the definition of cuesta. Dip slope and direction
(NE) including front and back scarp slopes of each individual feature were analyzed. The
sizes of features were calculated in the parameters of top and bottom areas and the
representative lengths along presumable strike and dip directions. Some bottoms contain a
number of top areas. The relief is presented as the minimum and maximum elevations on
dip slope surface and perimeters of top and bottom areas of each individual feature. The

retreat distances between features in the trend, along the strike direction, and between the
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front scarps across two trends, along the dip direction, were also measured to assist uplift
and erosion interpretation. Working with these developed GIS data layers, spatial distribution
and morphometric parameters of features can be analyzed and displayed interactively. The
concepts and techniques of the spatial feature analyzing, mapping, and recording of the

study can be effectively applied to other areas having the same type of landform.
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Arsenic and Cadmium: Under the DMR Hazardous Elements Project.

Jitisak Premmanee

An ex-official of the Department of Mineral Resources, contact: gi.geosciences@gmail.com

Abstract

Since 2007, Division of Mineral Resources Analysis and Identification, Department of
Mineral Resources (DMR) has been collecting stream sediment, soil and water samples
analyzing for hazardous metals under a project, nicknamed “DMR Hazardous Elements
Project”. The products have formed an important geochemical baseline dataset of the
country. Until 2015, the project has covered 10 provinces (Ratchaburi, Chiangrai, Chiangmai,
Lamphun, Lampang, Phrae, Uthaithani, Suphanburi, Pitsanulok and Petchabun) around 97,000
square kilometers or 20% of the country, totally 11,811 samples consisting of 5,438 stream
sediments, 1,414 soils and 4,959 water samples. Those 10 provinces mostly located in the

north and west, but in the northeast, east and south of Thailand.

Arsenic (As) and cadmium (Cd) are among those hazardous elements and are of
interest in this paper because of the dissimilarity of dispersion behaviors in environment. Cd
disperses physically from sources mainly by soil and stream sediments while As disperses
not only by soil and stream sediments but chemically through water (both surface and

subsurface water) as well, due to the As dissolution ability in water.

A good statistics was obtained from As assays while Cd was not so good. More than
50% of As assays were over minimum detection limits (5 ppm in stream sediment/soil, 0.002
ppm in water). The arithmetic mean and median of As are at similar figures, at 11.9 vs 11
ppm, 14.6 vs 11 ppm and 0.0042 vs 0.004 ppm for stream sediment, soil and water
respectively. Most of Cd assays are under detection limits (0.3 ppm in stream sediment/soil,
0.003 ppm in water), i.e. 79% in stream sediment, 66 % in soil and 99% in water. Averages of
Cd in stream sediment, soil and water assays are 0.36, 0.42 and 0.0015 ppm respectively.
Rational of these findings to health impact is another aspect but this paper will compare

those statistics with some standardsl and other references.

Average As and Cd contents in stream sediment, soil and water of the DMR project
were bar charted in Figure 1 as well as other references and Thai/international standards.
The DMR averages are in the proximity of others. DMR soil and stream sediments range 12-
15 ppm in As and 0.4 ppm in Cd while others references range 3-10 ppm in As and 0.1-1
ppm in Cd. DMR’s water average at 0.004 ppm in As and 0.0015 ppm in Cd while other
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references are <0.010 ppm in As and <0.001 ppm in Cd. Variety of rock types in northern
and western Thailand may contribute to higher As level in soil and stream sediments than
the other references. The As averages may decrease if more sampling in the northeastern
provinces where most of the rock types limit to fluvial clastic sediments. Lowering DL of

DMR’s laboratory procedure should be considered in order to obtain detectible levels of Cd.

All of the DMR averages are comparable with WHO/FAO standards while there are big
differences with Thai standards (Figure 1). For example, Cd of the DMR soil averages at 0.4
ppm while WHO/FAO limits at 1-3 ppm but the Thai standards are at 37 and 810 ppm for
residential and agricultural land area and for other purposes land area respectively. Very low
As in soil (3.9 ppm) for residential/agriculture land was standardized in Thai regulation
comparing to DMR average at 12-15 ppm and WHO/FAO guideline at 20-100 ppm. The Thai
standards of As and Cd contents in water are rational comparing to DMR averages and to
WHO/FAO guideline values even though there are some awkward figures. It can be
presumed that the As and Cd of Thai standards may not be applicable figures for
environmental studies. The DMR averages or products are the actual figures in those
materials and therefore, should be based on. Proposed applicable standard levels should
be around 5-10 times of the averages, such as As at 50-100 ppm and Cd at 2-5 ppm in soil of
residential and agricultural land. Note that implication to human health is not considered

here.

In conclusion, studies on hazardous elements distribution in environment should
compare with the actual content in natural, i.e. the DMR averages. Monitoring and
precautionary measures on these elements depend on dispersion nature of each element.
Cd should be monitored in the area where it has been exposed while As should be on the
exposed areas as well as the geologically risk areas such as large fault/fracture area, present

of igneous rocks/hot springs, base metals prospective areas, and so on.

In order to create a reliable and referenceable baseline dataset on the hazardous
elements, DMR should consider continuing to collect stream sediments, soil and water in

other remaining provinces and consider disseminating the information to public regularly.
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Abstract

This study integrates time-variable Gravity Recovery and Climate Experiment (GRACE)
gravimetric measurements and Global Land Data Assimilation System (GLDAS) land surface
models (LSM) in order to understand the inter-annual and long term variations of surface
water and groundwater storage changes (GWSC) at the regional-scale in Thailand, based on
the water balance equation and hydrologic parameters. From averaged GRACE and GWSC
data, the results showed that over almost one-decade period, the entire Thailand region
experienced surface water storage loss of 125 mm/year. The deseasonalized groundwater
variation analysis gave a net gain in groundwater storage of 189 mm/year that is considered
equal to groundwater recharge gain of 96,980 mcm/year. The observed results are consistent
and comparable to the averaged groundwater recharge of 103,000 mcm/year or safe yield of
3,200 mcm/year as estimated by the Department of Groundwater Resources (DGR) Thailand.
Through cross-plotting and analysis with in situ measurements from rainfall and streamflow
discharge, the total water storage change (TWSC) and GWSC in the basin were consistent and

closely correlated in variation trends. The inter-annual standard deviation of groundwater

elevation change was determined as & 3.67 mm/year, which is equivalent to 80% degree of
confidence in the obtained results. The results in this study show that GRACE gravity-
variable solutions and GLDAS-LSM provide reliable data sets suitable for the study of small
to larger area total water storage and groundwater storage variation, especially in areas with
scarce and sparsely available in situ data.  Results strongly indicate that spatial variations in
groundwater recharge of Thailand are predominantly controlled by the climate (e.g., rainfall

and evapotranspiration) and pumping rates at the regional-scale of the study area. .

Keywords: GRACE, Satellite gravity, Total water storage, Groundwater storage,

Groundwater recharge, Hydrological balance, Safe Yield, Irrigation.
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Abstract

Limestones exposed on the East side of Sri Nakharind Reservoir, at Ban Tha Kradan,
Sri Sawad District, Kanchanaburi Province were investigated. These limestones have been a
focus of interest for decades and most of those studies were emphasized on
lithostratigraphy and mapping. Few workers including the current authors have recognized
some macro faunal (nautiloides, gastropods, sponge, crinoids) records for relative dating of
the limestone sequences. Although, the limestones cropped out in this area are known as
the northward extension of Ordovician Tha Manoa Limestone, the precise age of these rocks
are not confirmed. They are probably ranged from Middle Ordovician until Devonian. This
presentation is aimed to illustrate fossils discovered from several localities in vicinity of the
Tha Kradan nautiloide conservation site. Abundance and dispersion of these fossils, together
with a great academic value provide a good opportunity to promote this area for tourism

and national Geopark.
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Geochemical characteristics and Geochronology of volcano-plutonic
rocks in the Loei and Sukhothai Fold Belts;

Implication of Cu-Au mineralization
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Abstract

The interpretation of the formation of mainland Southeast Asia based on
geochemistry in conjunction with geochronology characteristics of the volcano-plutonic
rocks in Loei and Sukhothai Fold Belts.

The volcano-plutonic rocks in the Loei Fold Belt show typical calc-alkaline trace
element characters and REE pattern. The formation of volcano-plutonic rocks in Silurian-
Devonian to Triassic ages are evidenced from U-Pb zircon age determination. On the other
hand, the volcano-plutonic rocks in the Sukhothai Fold Belt show similar trace element
characters and REE pattern, whereas the age of the formation of the volcano-plutonic rocks,
which were evidenced from U-Pb zircon age determination in the Sukhothai Fold Belt are

restricted only to Triassic age.

Pb-Pb isotope characteristics suggest that the formation of Cu-Au mineralizing fluids
in the Loei Fold Belt was related to late Paleozoic arc origin hydrothermal. On the other
hand, those in the Sukhothai Fold Belt suggest that the formation of Cu-Au mineralizing

fluids was related to crustal contamination hydrothermal fluids in Triassic.

The conclusions from this study suggests that the formation of the Loei Flod Belt in
the Indochina blocks is different history from those of the formation of the Sukhothai Fold
Belt in the Shan-Thai block.

Key words: Loei Fold Belt, Sukhothai Fold Belt, U-Pb zircon age determination, Pb-Pb

isotope, arc related hydothermal, crustal contamination hydrothermal
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Geological aspect from a large cavern encountered during
construction of Water transferring tunnel project in northern
Thailand
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Abstract

Mae Tang-Mae Ngat tunnel project in Chiang Mai, northern Thailand is a part of Mae
Kuang Reservoir Inflow Augmentation project. The objective of the project is to diverse
annually the surplus water from Mae Tang river to Mae Ngat reservoir through a tunnel with
a length of 25.4 km and a diameter of 4.0 m, and then transfer the water from Mae Ngat
reservoir to Mae Kuang reservoir with a tunnel length of 22.726 km and a diameter of 4.20
m. The construction contract is divided into 4 individual contracts. Right Tunnelling Co. Ltd.
won the first section of the Mae Tang-Mae Ngat tunnel which is starting from Mae Tang
diversion weir to km 13+600. The construction plan called for Tunnel Boring Machine to be
excavated from adit 2 at km 13+526 to aditl at km 3+641, a total length of 9,885 meters.
During excavation at location indicated in the contract drawing as Fault #26” at chainage
km11+675 on Dec. 20th, 2018, the TBM encountered a large cavern where the excavation
cannot proceed. This incident required an addition geological and geotechnical investigations
to design an appropriate approach for treating the cavern before tunneling can be continue.
As a result, the work revealed some geological aspect for the tectonic settling of folded and
thrusted belt in the region from a location about 300 meters deep into the mountain. This

paper is to present the geological features finding from the investigation.

The unexpected large natural cavern which was partially filled with water was
encountered by the TBM. The groundwater was flushed out and submerged the tunneling
machine and the whole length of tunnel as the TBM punctured the cavern wall. After water
stop flowing and was pumped out, the cavern was inspected and surveyed. It has a cavity at
free volume of about 25.000m3, a ground area of about 1.800m2(50x40m) and maximum
height at 25 meters, and was partially filled with huge blocky boulder of cave “break-down”
reaching up to about 10m above tunnel invert. The tunnel alignment will have to cross the

cavern under-neat the rock pile for about 30 meters distance.

A total of 4 months stoppage was used for the surveying, geologic mapping and
testing and analyzing before an appropriate measure could be adopted and 4 more months

was needed for the ground improvement of the tunneling path at the cavern floor. This
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cavern has no clear connecting passage to the surface above, however, groundwater is
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found continuously seeping up from below the rock pile at a rate of approximately 2-2.5
liter/sec. The cavern is a “life cave” as no stalactite and stalagmite covered the cave wall as
for general “dormant cave” and many parts of the cave shows sign of recently collapsed or
fail down of the cavern wall and crown. During the ground improvement work a number of

rock fall was observed with as large as 1.4 meters block.

The geology of the cavern is developed by a system of fold and thrust with strike
slip shear at the contact of the two main rock units, according to the 1:250,000 geological
map, as Carboniferous-Permian meta-sedimentary unit that thrust into Ordovician marble
unit. The shear system and the drag fold together with thrust of the two units thus created
this large underground cavern. On the west wall of the cavern the cataclatic Hornfel of
Carboniferous-Permian meta-sedimentary unit thrust up onto cataclstic Marble of Ordovician
unit. Both units showed fresh and clear strongly deformation features with almost no
weathering surface which normally would not be able to observed at outcrop on the ground
surface outcrop. This condition gave an excellent opportunity to study the geolosgic
characteristics of this strong shear and collision structures. The results are briefly presented

here.
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GEOTOURISM, THE ENGINE OF SUSTAINABLE DEVELOPMENT
FOR LOCAL COMMUNITIES IN SATUN UNESCO GLOBAL GEOPARK
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Abstract

The Satun UNESCO Global Geopark is located exclusively within Satun Province,
which is one of the southernmost Thai provinces, adjacent to the Andaman Sea, covering
two national parks and a wildlife sanctuary. The geopark covers Thungwa, La-ngu, Manang,
and part of Mueang Satun district (Tarutao National Park), with a total area of 2,597.21 km2,
covers a total of 1,099.47 square kilometers of the land area of the province and 1,497.74
square kilometers of the sea area. The area is comprised of inland mountains and foothills,
limestone karst formations, caves, beaches and coastal islands in the Andaman Sea. The

population of Satun Geopark is approximately 114,651 (population data from 2017).

Satun UNESCO Global Geopark famously referred to as the ‘Land of Palaeozoic
fossils’, the area is renowned, in both Thailand and the whole of Southeast Asia, for its
abundance and high diversity of fossil species as well as for the oldest succession of fossils
including trilobites, brachiopods, stromatolites, conodonts, graptolites, tentaculites and
nautiloids. The Cambrian trilobite fossils of Tarutao Island are the oldest in the Thai-Malay

Peninsula.

The geotourism area in Geopark is divided into 3 zone: karst and cave area in Manang
and Tung Wa district, beach and shore line in La-ngu district and Island in Mueang Satun
district. For supporting sustainable development goal in Satun UNESCO Global Geopark,
geotourism is necessary activities. It makes more income to local people and raise socio-
economy in area. Geo-guides who work in each specific geotourism areas are the key person
of geotourism activities. They must link between “geoscience knowledge” and “tourism
activities”. High quality training course of geoscience, local history, culture and tourism
should be provided to geoguides for making a well understanding of geological story and
value of geoheritage sites and they also can link scientific knowledge and their daily life to
present to tourists who visit geopark. It also makes natural resource awareness and
protection to people. Geotourism handbooks and geopark panels are useful materials to
help geoguides explain scientific information to tourists when they travel in geotrail and

make them have more understanding of geological story of the area.
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After Satun Geopark was announced to be UNESCO Global Geopark, number of
tourists visited in area are increase. It follow by more income to local communities from
geotourism activities. It drives local economy and make higher standard of life of people.
Now people in Satun UNESCO Global Geopark realise that geotourism and natural resources
are important to their life and they need to protect and use it sustainably under concept of
UNESCO Global Geopark.

Keywords: Geotourism Geoguides Geotrail Socio-economy
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Granite and Contact Metamorphic Rocks in the Diversion Tunnel

Construction of Mae Taeng - Mae Ngat Project, Chiang Mai Province
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Abstracts

Lithology and petrography of the Triassic granite and the Ordovician contact
metamorphic rocks, in the diversion tunnel construction of Mae Taeng - Mae Ngat Project,
Chiang Mai Province, were done for proportion and type of mineral composition, alteration,
and facies of metamorphism. The result of the study is useful for the design of tunneling

and construction model.

Granite can be separated into 4 groups using texture; (1) porphyritic granite, (2)
coarse-grained granite, (3) medium-grained granite and (4) fine-grained granite or aplite. They
have been divided into 2 groups by principal mineral composition (quartz-alkaline feldspar-
plagioclase); (1) monzogranite and (2) syenogranite. The studied granitic samples are
constituted by accessory minerals; biotite, tourmaline, allanite, apatite, titanite, zircon,
garnet, and andalusite. These accessory minerals indicate that the studied granite is S-type

granite. All granitic samples are slightly altered to sericite and chlorite.

Contact metamorphic rocks are calc-silicate rocks that comprise gcarnet, calcite,
quartz, and diopside with trace amounts of tremolite-actinolite, phlogopite, titanite,
plagioclase, and opaque minerals. Mineral assemblages indicate that these calc-silicate rocks
are metamorphosed at medium to high temperature (450-7000c) and low pressure (< 4 kb)
and classified to hornblende hornfel facies to amphibolite facies. The condition of
metamorphism suggests that the Triassic granite pluton intruded into the Ordovician

limestone and made contact metamorphism.

Keywords: Triassic Granite, S-type Granite, Hornblende Hornfel Facies - Amphibolite

Facies, Calc-Silicate Rocks




BB

' i nsudowdssasuond
d () ASSYVSIINRIITU

LANDSLIDE RISK ASSESSMENT BASED ON HIERARCHICAL ANALYSIS
METHODS AND GEOGRAPHIC INFORMATION SYSTEM OVERLAYS
TECHNIQUES: A CASE STUDY IN BAN KAO, MUEANG DISTRICT,
KANCHANBURI PROVINCE

Narongsak Kaewdum, Piyatida Sangtong, Patchawee Nualkhao, Nithichai thupa-ang
and Prinya Putthapiban

Geoscience Program, School of Interdisciplinary Studies, Mahidol University Kanchanaburi Campus,
199 Moo 9, Lumsum, Sai Yok, Kanchanaburi, 71150, Thailand

Abstract

Ban Kao area was designed to be the special economic development zone of
Kanchanaburi province. During some rainy seasons, the area has been facing moderately
severe landslide problem including road damage, blocking traffic, loss of properties and
threatening of life. To mitigate and reduce the possible future landslide hazard in the area,
we introduced the Hierarchical analysis and GIS based on weighted factor index methods
and overlays techniques approach studying this area. The seven factors applied include;
slopes, rainfall, lithology (rock type), soil texture, elevations, land cover, and lineament. The
validation of landslide risk areas was based on the success rate curve by using the results
that have been studied, together with evidence of landslides in the past which has been
observed from the 1987-2018 periods satellite imageries and the ground checks by
geological field survey in January 2019. The classification of landslide risk areas is divided
into 5 methods, and the most accurate method used here was the natural breaks. The
result of our studies shows that the area under the graph of cumulative percentage of
observed landslide occurrence against landslide risk classification value calculated by
software is equal to 0.7949. Such figure confirms the degree of high accuracy of the result
presented on the landslide risk area of Ban Kao. The landslide risk area at Ban Kao can be
classified into five categories; very high 26.39%, high 35.56%, moderate 21.69%, low 11.77%
and very low risks 4.59% respectively. The concentration of the very high and high
landslide risk areas combined, 58.95% are concentrated in the western and southern sides

of the area.

Keywords: Ban Kao, Landslide risk, Analytic Hierarchy, Success rate curve, Overlays
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Abstract

The purposed of this study is to carry out lithostratigraphy and environmental
deposition of the Khao Ya Puk Formation in Nakhon Thai Region. Methodology of study is
composed of information compilation from a previous work and field investigation for
collecting geological data and feature of structural geology. Three well exposure sections are
measured including Khao Kadai Ma temple section, Route No 2195 Na Haeo District - Ban
Pak Man section, and Route No 2113 Dan Sai District - Ban Nongsim section. The results
indicate that the Khao Ya Puk Formation can be sub-divided into three members in
ascending order (Lower, Middle and Upper). 1) The lower Khao Ya Puk Member is composed
of thick bedded of reddish brown mudstone. Calcrete nodules are obvious in the upper part
without any sedimentary structure. 2) The middle Khao Ya Puk Member consists of reddish
brown sandstone interbedded with shale and siltstone. Giant mud crack and calcrete nodule
are occurred in shale beds. Sandstone moderate- to very fine-grained, well sorted, sub
rounded to well rounded with cross bedding, sole marks, and mud drape are present. 3) The
upper Khao Ya Puk Member is characterized by thick bedded of reddish brown sandstone. It
is moderate- to fine-grained, well sorted and well rounded. Normal grading is common with
the large scale cross bedding. Additionally, some beds coarsening upward sequence are
common observed. Throughout the formation is not less than 400 metre thick. The Khao Ya
Puk Formation overlie conformably on top of the anhydrite layer of the upper rock salt
Maha Sarakham Formation. In turn, it is overlain unconformable by the Phu Khat Formation.
The Khao Ya Puk Formation is interpreted to have been deposited by freshwater lake area in
arid climate inland subkha in the Late Cretaceous. The lower member is interpreted to
deposit at center while the middle member is marginal of the lake. The upper member is
interpreted to have been deposited by aeolian with dune and inter-dune environment of
the last stage of deposition. Lithostatigraphically, Khao Ya Puk Formation can be correlated
with the Phu Tok Formation that has been deposited in the Khorat-Ubon basin and Udon-

Sakon basin of the Khorat Plateau.

Keywords: Lithostratigraphy, Khao Ya Puk Formation, Nakhon Thai Region
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Microfacies analysis and depositional setting of Middle Permian
limestone (Tak Fa Formation) in Southern part of Phetchabun
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Abstract

Microfacies analysis has been carried out to interpret paleoenvironment of Indochina
Block-related shallow marine succession exposed in Wichian Buri District, Phetchabun
Province. The section shows an intercalation of well bedded, medium-bedded limestone
and shale. The limestone is light gray in color, micritic, and can be classified as mudstone to
wackestone. Shale is brown to grayish brown. In some limestone beds, the rocks are partly
silicified and contain pieces of bioclasts such as coral fragments and crinoid stems. Chert
nodules are common, which contain silicified fossils. Bedding attitude is 168, 60 (strike, dip),
and total thickness is about 20 meters. Diversified bioclasts can be recognized under rock
thin-sections such as fusulinids, smaller foraminifera, green algae, ostracods. Fusulinids can
be identified to genus Nankinella, Sphaerulina, Pseudodoliolina, Misellina and Verbeekina.
Smaller foraminifera are, for example, Hemigordiellina regularis?, Dagmarita sharezaensis?,
Pseudoendothyra sp., Globivalulina vonderschmitti?. Coral fragments can be identified as
Ipciphyllum subelegans. Fossil assemblages suggest Middle Permian possibly Murgabian age.
The limestone samples can be subdivided into two microfacies including packstone-
grainstone facies and wackestone-packstone facies. The packstone-grainstone facies contains
abundant bioclasts on micrite-sparite matrix, and is grain supported. Other types of allochem
are absent. Matrix is partly recrystallized to microsparite. The wackestone-packstone facies
contains bioclasts on micritic matrix, and is mud supported. The depositional environment of
the studied samples can be interpreted following Standard Microfacies types (SMF) where
the packstone-grainstone facies is fit with SMF11 and SMF18 and the wackestone-packstone
facies fits with SMF8, SMF10 and SMF18. These SMFs suggest the depositional environments
in Facies Zone (FZ) 5, 6, 7, 8 of Rimmed Carbonate Platform which can be situated on
platform margin and winnowed shoal, restricted interior platform to open marine interior
platform. However, SMFs can be equivalent to Microfacies types: RMF3, RMF7, RMF16 of the
Ramp Carbonate Platform (RMF) model. Theses RMFs suggest the deposition on restricted to

open-marine inner ramp, to middle and outer ramp.
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On the age constraint of the felsic volcanism in the Western Shan-
Thai Terrain of Western Thailand : The Paleontology and
Petrography approaches
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Geoscience, School of interidisciplinary studies, Mahidol University Kanchanaburi Campus,
Kanchanaburi, 199 Sai Yok, Kanchanaburi 71150

Abstract

Paleontology and textural features of chert samples from the chert layers at the Ban
Phathung abandoned quarry, Ban Rai district, Uthai Thani province were investigated. These
chert beds show close association with the volcaniclastic sandstones. Over 16 meters of
east dipping continuous succession of bedded chert overlying a sequence of tuffaceous
chert breccia and interbedded tuffaceous sandstone are well exposed and can be clearly
observed.  Detailed Radiolarian paleontological studies in these ribbon chert specimens
yield a number of index fossils, especially Stigmosphareostylus variospina, S. multispina,
Trilonche palimbola and T. vetusta species which indicate Early Carboniferous (Tournaisian
or Visian). Petrographic evidences suggested that the pyroclastic materials in the tuffaceous
rocks had been aerodynamically transported westward and deposited together with the
Lower Carboniferous chert layers.  The section clearly displayed a coarsening upward
overturned sequence which graded to volcaniclastic sandstone and volcaniclastic
conglomerate. This perhaps, well constraint the oldest age of tectonism which had been

triggered by volcanism in the Western Shan-Thai terrain at the Lower Carboniferous.

Key words : paleontology, chert, volcaniclastic sandstones, index fossils, Western
Chan-Thai
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Physical and chemical effects of exhumation on the Opalinus Clay:
Implication of natural analogues for risk assessment of radioactive

waste disposal.
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Abstract

Opalinus clay has been being investicated as a potential host rock for radioactive
waste repositories in Switzerland. While several studies ensure the formation properties to
contain radionuclide for more than one million years, exhumation triggered by regional uplift
and glacial erosion are expected to occur and resulting on changing of geochemical and
hydrogeological properties. Transport properties of the formation therefore will also be
changed. By the time of exhumation, the fission and activation products will long have
decayed, uranium will still be present and can be considered as a small Uranium deposit.

The mobility of Uranium will be affected and concerned.

In this framework, we studied the Opalinus Clay at Lausen in NW Switzerland, where
it is exposed to the surface to characterize oxidation phenomena of the Opalinus Clay,
determine penetration depth of surface water, and describe the paleo-hydrogeological
evolution of the study site. This study was performed on drillcore materials from a
geothermal borehole that provided a 150 m deep profile into the Opalinus Clay and
association units. Twelve core samples were collected to study mineralogy using X-ray
diffraction and petrophysic properties including density, water content, and porosity.
Chloride concentrations in porewater were derived by aqueous extraction. Isotopic
compositions of porewater were obtained by diffusive-exchange experiments, based on the
isotopic equilibration between a test water of known isotopic composition and the
porewater via the vapour phase. Oxidation was also observed under the scanning electron
microscope. The results from Mazurek et al. (2018), who studied samples from the same

borehole, were combined in this thesis for a better spatial resolution.

The uppermost 13.10 meters of the Opalinus Clay is pervasively oxidized giving
yellowish tint. Oxidation is continued to a depth of 16.37 meters but is confined to few
millimeters along the permeable fractures. A decrease of carbonate content in the
uppermost 12 meters is correspondence to siderite dissolution, which is the source of iron
for goethite precipitation. Pyrite and organic carbon are partially dissolved even in the

oxidized zone. The depth profiles of petrophysic properties show strong surface effects in
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the uppermost 30 meters, which are a decrease of the bulk density, and increases of water

content and porosity.

Chloride concentration in porewater is substantially decreased at a depth of 30
meters to 40 meters and very low in the uppermost 20 meters. The profiles of porewater
isotopes show depletion towards the surface in general with a positive excursion at 18.6
meters. The porewater isotopes in the uppermost 40 meters deviated to the right of the
global meteoric water line. Numerical diffusion modelling was performed on the chloride
concentration profile and porewater isotopes profiles using the computer code FLOTRAN by
assigning various diffusion coefficient depending on porosity. Since this study focuses on the
penetration of water from the surface by exhumation, the initial conditions were assigned by
the largely constant values at the deep level. The model results show best fit curves with
the evolution time of 60,000 years in a scenario which considers variable of water isotopes

signature with climate and lateral influx of water at 18.6 meters (Fig 1).

This study show that exhumation affected the rock through various processes in to
different degrees (Fig 2). Oxidation phenomena is characterized by dissolution of iron-bearing
mainly siderite and precipitation of goethite. Dissolution of mineral buffer oxygen, which
penetrate to the rock via surface water, and confine it to shallow levels. Decompaction and
swelling of clay minerals increase porosity and result in a high hydraulic conductivity.
Numerical modelling show that even with a different penetration depth and shape of
profiles of the chloride and porewater isotopes, both of profiles can be explained by one
single diffusion scenario. This scenario also confirms that solute transport in the uppermost
20 meters is diffusion-dominated. Surface water penetration initiated at 60,000 years ago by
cold-climate meteoric water with an average surface temperature of 0 °C. Isotopes of surface
water changed to the present signature (10 °C surface temperature) simultaneous with
initiation of lateral influx at 18.6 meters by the end of Pleistocene, 10,000 years ago. The

source of the lateral influx water cannot be explained by the available data.

Reference
Mazurek, M., Wersin, P., Hadi, J. (2018): Geochemical investigations on drill core samples from borehole
Lausen KB. Nagra Arbeitsbericht NAB 16-58, Nagra, Wettingen, Switzerland.
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Lausen:  Geologische, hydrogeologische und  bohrlochgeophysikalische — Untersuchungen
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: i nsudowdssasuond
o () ASSYVSIINRIITU

0+ , | \ , , \ i : i ; : o ; : ; \ '
%
204 20+ = : 1 20+ — : +
(&
@
w0+ T | 18 HE L
7;*23—53 OF o] — s ey G OT 1 —50 —3 o
2 i —ZS — 5 — 505 — 55 == 13 E=S0S s \
s T S = 4 =) = * p— =t r—r *
E T Gpatinus Cla ¢ T s = A ==ial == & } goof =2 — 4 of * T
z P ¥ = Opalinus Clay = Opalinus Clay
B [ ) ! 1 = A g
a 80 # This study ) o & 801 & This study ‘. + & 80+ & This study . e
#+ Mazurek et al. in prep ® Mazurek et al, in prep # Mazurek et al. in prep
S| N—
-8 = = >
100+ Staffelegg-Fm 1001 Staffelegg-Fm T+ 100+ Staffelegg-Fm i T
b 3
120+ + 1204 + 1204 Mazurek et al. (2018)
Klettg Mazurek et al. (2018) +* Klettgau-Fm Mazurek et al. (2018) Klettgau-Fm i
140 t : t t t 140 | 4 b L ! 140 i i § + + +
0 500 1000 1500 2000 2500 3000 3500 -90 -80 -70 -60 -50 -40 -2 .11 -10 -9 -8 =7 5
Chloride (mg/L) 8H (%VSMOW) 8120 (%eVSMOW)

Figure. 1 The model for chloride and water isotopes at the Lausen borehole with the
flushing water at zero degree Celsius of surface temperature and water isotopes flushing at
the fracture from the sample Lau-20.09, assuming simultaneous activation of fracture with
the change of the upper boundary condition to the present meteoric water isotope value.
Legend numbers indicate evolution times in thousands of years.
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Figure. 2 The depth profile shows penetration magnitude of different parameters and
processes. The solid lines indicate strong effect and the dashed lines indicate weaker effect.
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REE Potential of Syenite from the Mae Yan Alkaline Complex:

In comparison to the surrounding biotite granite
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Abstract

Several REE deposits in the world have been found related to alkaline suites, i.e.
carbonatic suite of the Bayan Obo deposit in China and syenitic suite of the Thor Lake
deposit in Canada. However, limited localities of syenite have been reported as small
exposures within granitic belts in some areas of Thailand. The “Mae Yan Alkaline Complex,”
located in Pai district of Mae Hong Son province, is perhaps the most recognized locality for
syenite. The Complex is a part of the northern portion of the Central Granite Belt. The main
phase of this portion is Triassic porphyritic biotite granite with magnetic susceptibility range
of 0.02-0.15x10-3 SI and classified as “S-type” granite. On contrary, the syenitic phase is
Cretaceous in age and belongs to “A-type” category. The syenite exhibits higher
susceptibility characteristic of 0.28-25.28x10-3 SI. Three main textural varieties, including fine-
grained, medium-grained and medium to coarse-grained, are observed and hornblende is a
common mineral assemblage among all varieties. In terms of total REE (TREE+Y) contents,
the specimens of syenite and its weathering crusts yield high value ranges of 705-1,890 ppm
(average 1,211 ppm) and 1,584-3,252 ppm (average 2,443 ppm), respectively. Nevertheless,
the surrounding biotite granite contains substantially lower REE values of 188-535 ppm
(average 362 ppm) in the rock specimens and 241-1,039 ppm (average 472 ppm) along the
weathering profiles. These results imply high REE potential of the syenite from the Mae Yan
Complex that should be investigated in more detail to demarcate this REE deposit and

conducted resource estimation further on.

Keywords: syenite, granite, REE potential, Mae Yan Complex, Pai, Mae Hong Son,
Thailand.
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Relative Sea-Level Rise along the Upper Gulf of Thailand:
Affected Areas and Mitigation Measures
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Abstract

Department of Mineral Resources (DMR) conducted the project titled “Preparation
and adaptation for the impacts of geohazard caused by climate change” in the fiscal years
2009-2012, this project consists of six activities as following; 1) to study on absolute sea
level change, 2) to measure the rate of land subsidence, 3) to generate the topographic map
using DEM from LiDAR surveys, 4) to map the potential flood areas, and to assess the
economic impact due to relative sea level rise, 5) to study the adaptation strategies for sea
level rise impacts and 6) to disseminate the knowledge on climate change and relative sea
level rise to students and people who are interested in the impacts of sea level rise in
Thailand.

Based on the rates of sea level rise measured from the Gulf of Thailand (4 mm/yr),
land subsidence caused by groundwater consumption of Bangkok and adjacent areas (9-20
mm/yr), and vertical crustal movement in Thailand measured from GPS of the GEO2TECDI
project (10 mm/yr), the simulations of relative sea level rises in the coastal areas of the
Upper Gulf of Thailand for the next 10 (2017), 20 (2027) and 50 (2057) years have been
carried out. We assume that potential flood areas caused by relative sea level rise are
controlled by topographic features and stream networks. Thus, the rate of relative sea level
rise in the coastal areas of the Upper Gulf of Thailand, digital elevation model (DEM)
generated by LiDAR, altitude of barriers in the study area have been applied for mapping the

potential flood areas in the coastal areas of the Upper Gulf of Thailand.

Based on the worst-case scenario of potential flood areas caused by relative sea
level rise in coastal areas of the Upper Gulf of Thailand for the next 50 years, the areas
located near the upper Gulf of Thailand might possibly be inundated ca. 836 km2 , and the
flood inundation zone is about 7 km inland. We overlay this flood inundation zone on the
land-use map (on scale 1:4,000); it is found that a lot of land, buildings, and infrastructures
near the Upper Gulf of Thailand will directly be damaged. Moreover, this coastal flooding
caused by sea level rise can indirectly result in the economic and financial impacts. The

estimated total costs of this coastal flooding are ca. 9.3 trillion baht.
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Five methods for the relief of impacts of sea level rise in Thailand are recommended
as following; 1) natural condition acceptation (e.g., mangrove conservation); the estimated
budgets for this project are about 83,200 million baht, 2) sroundwater consumption control
in the coastal areas; the estimated budgets for this project are about 293,070 million baht,
3) roadways as flood barrier (e.g., Rama Il Road); the estimated budgets for this project are
about 310,202 million baht 4) land and beach reclamation; the estimated budgets for this
project are about 739,179 million baht and 5) barrier construction across the Upper Gulf of

Thailand; the estimated budgets for this project are about 871,013 million baht.

Keywords: Climate change, Sea level rise, Land subsidence, Coastal flooding




e

L i nsudowdssasuond
() ASSYVSIINRIITU

Study of Preliminary Ability of the Huai Hin Lat Formation

to be A Shale Gas Reservoir

Theerapat Sathitsuk1, Nawarak Ruenmail, Boonnarong Arsairai*l,

Qinglai FengZ’3 and Chongpan Chonglakmani1

" School of Geotechnology, Institute of Engineering, Suranaree University of Technology,
Nakhon Ratchasima 30000, Thailand
? State Key Laboratory of Geological Processes and Mineral Resources,
China University of Geosciences, Wuhan 430074, China
? School of Earth Sciences, China University of Geosciences, Wuhan 430074, China

*Corresponding author: rong_geo@hotmail.com

Abstract

The Khorat Plateau is starving area of hydrocarbon that there are only 3 gas field
were discovered. The former prospects including the Ban Nong Sai Section of the Huai Hin
Lat Formation, the Sap Phlu Basin is needed for more information. It can be studied for
evaluating potential of shale gas reservoir rocks. Shales of the Beds 2 and 6 and limestone
of the Bed 9 were collected and prepared for a mineralogical, porosity, and rock mechanic
analysis by using standard X-ray diffraction (XRD), Skyscan 1172, uniaxial compressive

machine respectively.

The results of the mineralogy are composed mainly of clay (40.33%) though the Bed
6 is lower. According to other minerals, their percentage are similar except quartz and
feldspar. That quartz (15%) and calcite (32%) of the Bed 6 are significantly highest. All
minerals are brittle mineral even if clay is ductile mineral that show averaging values around
57.60% and 42.40% respectively. The rock mechanical properties, the fractures were
generated and shown the compressive longitudinal splitting. The compressive strength,
poisson's ratio, and young's modulus of the Bed 6 are 25.93 MPa, 0.0705, and 1729.10 MPa
respectively. The Beds 2 and 9 showing compressive strength (65.46 MPa and 66.28 MPa),
poisson's ratio (0.1812 and 0.1898), and young's modulus (1779.54 MPa and 2292.73 MPa) are
higher than the Bed 6. The average porosity is 6.89% that the closed and open porosities of
the Beds 3B and 14 are significantly higher.

According to the results, the young’s modulus of the Beds 6 and 9 is lowest and
highest respectively. The poisson’s ratio is a measure that a rock tends to expand in
directions perpendicular to the direction of loading. The high young’s modulus is that a rock
extremely expands due to more elastic minerals in compositions, which shows high value in
the high poisson’s ratio. The mineral probably absorbs while adding loads and quite lateral
deforms prior reaching the rupture point. It conforms to the positive relationship (R2=0.3849)

of poisson’s ratio and young’s modulus, though its coefficient is low. The compressive
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strength of the Beds 6, 2 and 9 are increasing which suggest a relatively higher ductile
property. A covariation between relationship of the compressive strength and young’s
modulus shows the coefficient R2=0.3398. Although it is indicated to slightly low relation,
however, it is positive and conformable.  Moreover, the relationship between the
compressive strength and the poisson’s ratio shows the positive covariation of coefficient
R2=0.9978, which is very interrelated. It indicates that the higsher compressive strength

relates to higher lateral expansion of sample under loading.

Matrixes may contain clays of ductile minerals affecting to higher elasticity. In other
words, if they are composed of higher brittle minerals, it is easy to generate cracks. Even
though the clay of the Bed 6 is lower than the Beds 2 and 9 respectively, quartz and
feldspar is higher. Therefore, the Bed 6 is easily fractured with the low compressive strength
of 25.93 MPa. The poisson's ratio and young's modulus of the Bed 6 are also low which is
the results of lower elasticity. The ductile mineral of the Bed 9 is significantly highest and
the Beds 2 is remarkably higher than the Bed 6. Conformably, the compressive strength of
the Bed 9 is highest and the Bed 2 is higher than the Bed 6. The higher elasticity affects to
the Beds 2 and 9 that are higher values of the compressive strength. Moreover, the porosity
is associated with ductile mineral that the higher closed porosity was generated in formation
as higher clay. The other beds except the Bed 6 are conformed that porosity is similar to
the Beds 3B and 14. Contrastingly, the Bed 6 is different that brittle formation may contain
higher open porosity.

Lastly, the good risk criteria of gas are evaluated on criteria of the reservoir rock as
shown the five excellent parameters of porosity, brittle minerals, clay minerals, thickness,
and compressive strength. All parameters are higher than the criteria except thickness. Its
thickness is still indicated to good potential similar to others despite the value is lower than
criteria. Because other parts of formation are covered by weathered soil. Therefore, fine-
grained rocks of the Ban Nong Sai section, the Huai Hin Lat Formation are indicated to a good

reservoir potential.
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Abstract

Marine spatial planning (MSP) is an effective way to manage marine areas while
achieving sustainable development. Coastal utilization planning is a significant part of MSP for
coastal zone management. The status of MSP in Thailand is in the initial step. Planning and

implementing this management type and integrating all sectors takes a long time.

Chanthaburi is located on the east coast of Thailand. It is one of the areas which are
most famous for its tropical fruits. Moreover, this province is also a tourist destination in
Thailand. Recently, the utilization of Chanthaburi’s coastal area is developing rapidly,
especially in terms of its tourism, agriculture and aquaculture. Coastal zone utilization
without planning results in coastal resource degradation and multiple environmental
conflicts. To reduce these problems and to archive the sustainable development of
Chanthaburi’s coastal area, research on an adaptive approach of coastal utilization planning
with the marine spatial planning concept is urgent. This research focuses on the coastal
environmental status and coastal utilization based on the analysis of key problems in
Chanthaburi. Coastal utilization planning with the MSP concept is proposed to provide
solution guidelines, reduce problems, and ease conflicts between the human and coastal
environments. This research could be a useful approach for integrated coastal management

and the sustainable development of Chanthaburi Province.

Chanthaburi has many valuable coastal natural resources, such as mangroves, coral
reefs, seagrasses and rare marine species. There have been significant changes in the coastal
utilization of Chanthaburi Province during recent decades with increasing coastal aquaculture
and urbanization. Although the forest area, including the mangrove and dense forest,
increased during the past five years, its area has been seriously invaded compared with that
20 years ago. The coastal environmental problems and conflicts in Chanthaburi Province
involve two main aspects: conflict between the coastal environment and human activities
and conflict between different human activities. The former includes the conflict among
mangrove resources, shrimp farming, and urbanization, conflict between coral reef and
seagrass resources and tourism activities, conflict among rare marine animals, fishery

activities, and marine debris and conflict between fishery resources and fishery activities. The
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latter includes the conflict between local and commercial fisheries, and the conflict

between the government and the fishermen.

The coastal zoning schemes of Chanthaburi have been developed from marine
functional zoning in China considering the coastal situation of natural resource and
development in Chanthaburi Province. There are 12 types of areas, and 19 subtypes have
been defined. The main types are marine protected areas, forest conservation, agricultural
areas, aquacultural areas, industrial areas, urbanization areas, fishing areas, transportation
areas, tourism and recreation areas, port shipping areas, special areas and reserved areas.
Coastal spatial analysis has been conducted with potential surface analysis, which is a spatial
analysis that uses weighting and rating values of related factors from GIS. The related spatial
data include basic geographical data, coastal resource data, related laws, social and
economic data such as coastal utilization and provincial plan data. Every factor is taken into
account to define the potential area in ArcGIS. The area of each type was classified into
areas with high, moderate, and low potential. The high-potential area of each type delimits
suitable areas. The coastal utilization planning map in the coastal area of Chanthaburi is
proposed, including 11 types and 16 subtypes. The objective of utilization can be classified
into four levels. The first level includes marine protected areas consisting of mangroves,
coral reefs and seagrasses and rare marine species. The first level is strictly prohibited to all
human activities to preserve the natural situation. The second level includes forest
conservation areas, which are focused on forest conservation and reforestation and prohibit
wildlife hunting. The areas of the second level can undergo conservation measures, such as
replantation, restoration and scientific research. The third level reflects development areas,
which include agricultural, aquacultural, industrial, urbanization, transportation, fishing, and
port shipping areas. The third level is the main developing area in the next ten years in
Chanthaburi. The fourth level represents reserved areas that would be protected under

natural situation for future suitable utilization.

Keywords: Coastal utilization planning, Marine spatial Planning, Potential surface

analysis, Coastal management, Thailand
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Abstract

This study is a cooperative project between Division of Mineral Resources Analysis
and Identification, Department of Mineral Resources and Uthai Thani Provincial Public Health
Office to help and verify elevated arsenic level at Ban Thapfaimai, Maiphongam,
Keanpetpailin, Nongmaikean, Nongmaitai and Lanka, Tambol Nongjok and Nongbomklouy,
Amphoe Banrai, Changwat Uthai Thani, covering about 320 square kilometers. Geochemical
techniques were employed by collecting water, stream/lake sediments and some other
geological samples, and analyzing for arsenic.

Total of 371 water samples were compiled, including 189 previously sampled and
additional 182 samples under this project. Results of 281 surface water (running water and
pond water) range from <2-2,713 ppb, average 97 ppb; and of 90 groundwater samples
range from <2-505 ppb, average 47 ppb. Integrated spatial studies with geography, surface
water and groundwater flow pattern, geology, occurrence mode of arsenopyrite
(dissemination in veins and adjacent rocks) lead to outline 2 tiers of potential risk areas

(Figure 1) as follow.

Tier 1: Arsenic assays 2300 ppb, encompass 2 areas of south of Ban Thapfaimai and
Wat Nongmaitai, Ban Nongmaitai, both at Tambol Nongjok, Amphoe Banrai, Changwat Uthai

Thani, covering 4 square km or 2,500 rai.

Tier 2: Arsenic assay =100 ppb, encompass 14 villages of Ban Putakien, Maiphongam,
Koksaard, Nongmaikean, Tapfaimai, Keanpetpilin, Nongmaitai, Tambol Nongjok; Ban Lanka,
Tambol Nongbomklouy, Amphoe Banrai, Changwat Uthai Thani; Ban Nongyaingern, Bungyang,
Wangthong, Wangkan, Phunglouang, Tambol Wangkan, Amphoe Danchang, Changwat
Suphanburi; and Ban Huaisong, Tambol Sukduenha, Amphoe Noen Kham, Changwat Chainat;

covering 65 square km or 40,000 rai.

Total of 88 stream and lake sediment samples were compiled, including 32
previously sampled and additional 56 samples under this project. Results range from <5-

167 ppm, average 31 ppm. A group of high assays (75-167 ppm) are closed to the expired
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tin-tungsten mining licenses at Ban Nongyaingern, Tambol Wangkan. Other high assays (=50
ppm) do not correlated directly with the Tier 1 area but most of them were contained within
the Tier 2 area. This indicated that water sampling is more practical approach than sediment

sampling in order to outline the potential risk areas of arsenic.

Four possible arsenic sources were identified: (1) Khao Koktungkung, (2) west of Ban
Putakien (3) Wat Nongmaitai and (4) west of Ban Nongmaikean where later found altered
granite with quartz veins and disseminated arsenic rich sulfide minerals at an under
construction water reservoir. It assumes that the major zone of arsenic sources may lie

almost north-south direction, beginning from Khao Koktungkung to south of Khao Puklang.

Note that these potential risk areas were outlined based on academic studies and on
available information at the compilation period. These areas may be changed accordingly if
there are new findings. The areas cannot be used on legal purposes.
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nsUsyYLdnIng “s3dilve 2562”7, 16-17 fugneu 2562 o 1534sH A2 LWosAAE Useaun nJunnamuas

Tectonics and Paleogeography of Western Thailand

Prinya Putthapiban*, Dmitry Remizov**, Lin Chao*** Piyatida Saengthong,* Narongsak
Kaewdum* and Sirot Salyapongse*

*Geosience, Mahidol University Kanchanaburi, 199 Lum Sum, Sai Yok, Kanchanaburi 71150, Thailand.
** Dmitry N. Remizov, All-Russian Geological Institute (VSEGEI), St. Petersburg, RUSSIA.
*** Lin Chao, Structure and Metamorphic Petrology, School of Earth and Space Sciences, Peking University, China.

Abstract

Semi detailed field studies and research works via the Geoscience Students’ Senior
Research Projects and the students’ annual field investigation, which have been carried out
in the recent years, particularly in the areas of Kanchanaburi and Suphanburi, western
Thailand. In this paper, we present our new findings and propose the preliminary model on
the tectonics and paleogeography of this area. Marine Triassic rock units are wide-spread in
western Thailand. Their major rock types are thin bedded ribbon chert, mudstone & shale,
greywacke limestone and upper layered dolomite. Many fossils which clearly indicate their
depositional ages including radiolarian fossils in the chert beds, daonella and halobia fossils
in shale/mudstone and fine grained greywacke stratas. However, in several locations,
reworked fossils have been clearly observed. The evidences include : a) the fossils bearing
transported rock fragments were found as pebbles in many coarse grained clastic rocks, b)
severe corrosive edges of the older fossil fragments and frequently show preferred
orientation with placer depositional features, c) mixing of the older fossils and the younger
ones, etc. Furthermore, the relatively wide spread of Olistostrome deposits were clearly
observed at Ban Kaeng Riang Bon near Wat Tham Phra Tat, Sri Sawat district. The rocks are
very poorly sorted composing of highly angular and mainly carbonate rock fragments of
cobble sizes or larger. Some of these enclosed rock fragments are definitely Permian. The
most likely younger ones, Triassic dolomite (?) and matrix materials are still under
investicated and examined. This olistostrome unit was underlain by the fossiliferous

radiolarian ribbon chert and shale layers of Middle Triassic.

It is crystal clear that during the Triassic to at least the early stage of Jurassic, this
whole terrain must had been at least one kilometer or so below sea level. Our recent
findings on this paleo-continental shelf break and submarine fan features along the Kwae Yai
river bank Sri Sawat district, near Erawan National Park and other adjacent areas suggested
that the Triassic paleo-shoreline or landward side was facing the Eastward and
Southeastward, towards the eastern part and the southern peninsular including present day
Gulf of Thailand or beyond. The occurrence of olistostrome at Ban Kaeng Riang Bon and the

present of Marine Jurassic rock sequences at Thong Pha Phum district, Kanchanaburi and at
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Mae Sot district, Tak provinces and their vicinity may indicate that the paleo-marine basin

had retreated westward toward the Myanmar-Thai border.

The occurences of a number of low angle eastward dipping sheared features in
various places and olistostrome are evidently favorable for accretionary wedge tectonic of
the region. The available geochronological data indicated that the area would have been
still very tectonically active throughout Cenozoic and the very early part of Quaternary.
Systematic works are being carried out for a better understanding of the geologic history and

geological reconstruction of the whole terrain.

Key words : Triassic radiolarian chert, greywacke, shelf break, submarine fan

environment, olistostrome, geological reconstruction
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Abstract

New and previously published evidence from the area west of the Mae Yuam Fault in
NW Thailand (the Northern part of the West Thailand region or NWTR of the Sibumasu
Terrane) suggest that the Mae Yuam Fault constitutes the western boundary of both
Palaeotethyan, Permian faunas and the Inthanon Zone (as originally defined by Barr and
Macdonald) and is not placed further west as several recent authors have suggested (e.g.
Racki et al., in press). We suggest that the well-studied Siamodus-bearing, Upper Devonian
sections and fauna of the NWTR (e.g. Long, 1989; Long & Burrett, 1989; Koenigshof et al,,
2102; Dopieralska et al.,, 2012; Savage et al., 2007) do not suggest oceanic conditions as
suggested by Racki et al,, (in press), but rather deep shelf.

Thin stratigraphic sections (c.50 m) of ‘lower’ to ‘middle’ Permian limestones in the
NWTR were deposited on a shallow marine shelf, were non-tropical and contain the
temperate-climate fusuline Monodiexodina (Ueno, 2003; Ingavat & Douglass, 1981).
Guadalupian (‘middle’ Permian) limestone with abundant calcareous algae, contains
abundant and diverse smaller foraminiferans, ostracodes and the conodonts Mesogondolella
siciliensis and M. dicerocarinata. These Permian limestones contrast strongly with coeval,
thick, (c.1000 m), Visean to Lopingian palaeo-tropical limestones and their diverse
coral/fusuline/algal faunas in the Inthanon Zone immediately to the west of the Mae Yuam

Fault in the Sop Pong area, within the Inthanon Zone/Terrane (e.g. Fontaine et al., 2009).

The petrography and geochemistry of Lower to Upper Triassic radiolarian cherts from
the NWTR and the Mae Yuam Fault zone suggest a hemipelagic continental margin
environment (e.g. Kamata et al., 2009; Saesaengseerung et al., 2006). Phosphatic nodules in
Carboniferous radiolarian cherts (Feng et al.,, 2005) and high phosphate content in some
Triassic cherts suggest an upwelling continental margin along the western margin of the
Inthanon Zone. The non-volcanic Palaeozoic to Late Triassic of the NWTR contrasts with the
mildly volcanic influenced Carboniferous to Middle Triassic of the northwestern part of the

Inthanon Zone to the east of the Mae Yuam Fault.

The popular model of allochthonous, tropical, Late Palaeozoic, seamount carbonates
in the northwest of the Inthanon Zone/Terrane (e.g. Ueno et al., 2008; Metcalfe, 2013; Barber
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et al,, 2011) is considered unlikely as outcrops of volcanics are rare and areally restricted and
the probably, conformably underlying, plant, bivalve and ammonoid-bearing, Carboniferous
marine sandstones (Ingavat-Helmcke, 1993) are of continental margin origin (Hara et al,,
2010). An alternative hypothesis is that the Inthanon Zone/Terrane rifted from Gondwana in
the Devonian and moved into tropical waters by the Carboniferous whereas Sibumasu was
glacially influenced in the Pennsylvanian and earliest Permian, rifted off Gondwana in the
Early Permian and was in temperate seas by the Middle Permian (Roadian). Docking of
Inthanon and the NWTR occurred in the Triassic with the deposition of the mainly siliciclastic
Mae Sariang Group in a probable foreland basin west of the Mae Yuam Fault (Srinak et al,,
2007; Tofke et al, 1993). These Triassic siliciclastics contain Cr-spinels interpreted as
representing the uplifted and eroded oceanic lithosphere that intervened between Inthanon
and Sibumasu (Hisada et al., 2005).

Keywords: terranes, Permian, Triassic, radiolarians, conodonts, foraminiferans, chert

geochemistry
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THE CAVE OF YAI RUAK FROM KRABI CONFIRMS THE EXISTENCE
OF A SAVANNA CORRIDOR IN PENINSULAR THAILAND
DURING PLEISTOCENE GLACIALS
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° Department of Geosciences, Biogeology, University of Tubingen, Holderlinstrafe 12, 72074, Ttbingen, Germany
‘ Department of Mineral Resources, Rama VI Road, Bangkok, 10400, Thailand
¢ Senckenberg Research Centre for Human Evolution and Paleoenvironment (S-HEP), University of Tubingen, Sigwartstrafze
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*presenting author, suraprasit@gmail.com; Kantapon.S@chula.ac.th

Abstract

The story of early human migration between mainland and island Southeast Asia is
one of the most debated topics in paleontological and archaeological communities today.
The hypothesis of a “savanna corridor” or a band of open vegetation (seasonal forests and
grasslands), stretching from mainland Southeast Asia to Java at several periods of lowering
sea level and exposed land bridges though the Pleistocene, has therefore been proposed for
explaining the facilitated route of early humans and associated large mammals in migrating
into islands of Southeast Asia. However, the existence of savanna grasslands in Peninsular
Thailand during the Pleistocene has never been demonstrated due to the scarcity of
available proxies. In 2017, the cave of Yai Ruak, Krabi Province was first excavated by Thai
paleontological teams from the Department of Mineral Resources and Chulalongkorn
University, together with locals. Some nearly complete mandibles, isolated teeth, and bones,
identified as belonging to four mammal taxa: Hystrix cf. brachyura, Crocuta crocuta ultima,
Rhinoceros sondaicus, and Rusa unicolor, were found from the infilling sediments within this
cave. A biochronological age is preliminarily attributed to a late Middle to Late Pleistocene
age for the fauna based on the presence of Crocuta crocuta ultima. We reconstructed the
Pleistocene vegetation and environments of the region, using a stable carbon isotope
analysis of mammalian tooth enamel recovered from this cave. The stable carbon isotope
results reveal that an open vegetation/forest-grassland mosaic was dominant in this region
during that time, unlike today, thus confirming the existence of the savanna corridor in
Peninsular Thailand. However, the connection of similar open vegetation types between
Peninsula Thailand and other Indonesian islands is still not demonstrated. Further
investigations into the Pleistocene mammal faunas in Thai-Malay Peninsula are thus helpful
to better identify such a corridor in relation to the early human migration route and to the
paleobiogeography of Southeast Asian large mammal species in the future.

Keywords: hyenid assemblage, stable carbon isotope, bioapatite, Sundaland,
Quaternary
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The possible detection of more subsurface petrified wood deposits
via the 2D electrical resistivity survey and evaluation of the 2D
imaging technique at the petrified wood deposits at Ban Tak district,

Tak province, northern Thailand.

Patchawee Nualkhao*, Pattarakan Prapan®, Chatchai Vachiratienchai**, Supawit

Yawsangratt3***

* Geoscience Program, Mahidol University, Kanchanaburi Campus
** Curl-E Geophysics Co., Ltd**.

***Geotechnology, Dapartment of Mineral Resources

Abstract

An electrical resistivity survey, a non-destructive geophysical investigation method,
was chosen and carried out in Doi Soi Malai National Park area, Ban Tak District, Tak Province.
This park is considered both a natural ecosystem and part of a natural heritage as the
country’s largest petrified wood tree trunk was discovered there. The aim of this study is to
investigate and locate the shape, size and distribution of the subsurface gravel bed(s), the
layer in which the buried treasure of fossilized tree trunks are frequently found. The eight
geo-electrical sections of the Wenner-Schlumberger configuration derived from the electrical
resistivity survey have provided a broad view of the subsurface features. Inversion results of
the two-dimensional electrical images obtained from these surveys clearly display two
distinct layers. The lower and deeper layer at > 3 m depth is apparently more closely
related to the surrounding geological materials like sand and clay with lower resistivity values
of < 170 ohm-meters. In contrast, the upper layer at an average depth of 1-3 m, the gravel
bed in the basin in which higher resistivity values of > 170 ohm-meters were detected. This

later layer has a much higher potential of containing big petrified wood tree trunks.

Keywords: Electrical resistivity survey, Wenner-Schlumberger, configuration, petrified
woods, gravel bed
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K-203

Topsail

Aluvium - Yellow brown and erey colour, unconscolidated to semi-consolidated sand, clayey sand and day

Upper clastic - Sitstone, maostly reddish brown colour grey with greyish motting. Olaystane in lower part, reddish brown to
purplizh brown with maottling in light green to grey colour.
qypsum found as veins and fracture flling.

Antydrite - white and grey colour wilth Carbonaceous matter of nearly honzontal Anfhy e fommed amnaton, mic Toding
and faulting or fractures was found.

Upper salt - Mostly halite of colourless with smky halite and ariyririte layers interbeded for each bed are 20-30 cm. thickness.
Smaky hialite thin Layer with anhydrite stringer about 1-3 cm. Halite grains are medium (about 0.240.5 cm. diam). The colourless
B0 and dearly recrystallized halite were found localty. Milky white halite grains were found, and increasing at ereater depth.
Bedding of this uriit is nearly horizontal.

- white and grey colour with 20% carbonaceous matter, formed bedding of nearly horizontal some colourless halite
assodated at 13000 - 130.75 om. with grains.
a0 Middle salt - Mostly dark yellowizh brown interbeded with dark or smioky halite loclly laree crystal of colourless halite at

interval 13940 - 141.50 m. some core samples was soluted which may result from camallite mixed in sample. Badding is nearly
horizontal. Anbydrite stringer not appeared in this layer.

Lower clastic - Reddish brown dlay with greerish grey at interval 167.00 - 17240 Coloress to orange halite was found as

weinlets and spots at zone intenvals. Red to orange camallite also found as veinlets and grain in day.

Rock salt - Mostly haite of seversl colored bends dr recd, grey, crange./ inter layeing of about 140 am thick, beckding & nearly hovizontsl

Potash Zone - Camallit & Halite About 0% camallite of pink, redish pink, to orange assodated with colorless halite as mixng
together. Halite grains are about 0.2-0.4 om. in lower part were found clearty oolourless halite, may formed recrystallization
interbaded with potash zone from 208.70 to bottom of interval.

W

230 _| LLower salt - Mostly coloress halite, with about 5% thin Layer anhydrite (1 om. thick) interbeded, smoky halite bands.
Also found together. The orystal grains of halite are coarse grains (1 - 3 on). Milky white halite were found scaftering in this

a0 formation and at 245.70 - 258.00 m. were found anhydrite marker bed interbed with colofess, smoky halite and assodated with
milkey white halite grains disserminated. Anfydrite thickness is about 2 - 4 cm. and at 258 m. below rarely found as stringer and
normally found as curve 555 in halite.
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A Stop drilling at 314 m. depth.
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L8NTIUR (Taranaki Basin) Wuussngneuwualug) Fsnsounauuinumoilms unnves
\mzivile Usemaiifuaus Wuuswznoufewesssmaniiuadlnsdosifinismanauistagiy
narsauisjuuanuaulalufudsihdnmamuivinaladifes ugwihdnmnsuA (Deepwater
Taranaki Basin) {uiuiiddlusaidslifinsdnaniians Jaianudululdlunisioguosunds
Masidondnonim iosnilswundlnaden fndeadsiuusshifumud uasiinisazaudives
pznoufinnifisane laogudulufigafunzneuionau-fiufunuihaneigluledu vesanaiiu s
nuY (Manganui  Formation) qﬂu%’aﬁjﬁ’a’mqUizaqﬁLﬁaifTwmiszqmimzmaﬁ’waa%’uﬁwm
melusesifuaumsvesyaiiunzneudind1y uasFeudioy seismic attribute uwrazsdialunisssy
nsnsrefvestuliunematu Inglddendeyantsdsandulmaiiouvaudd “seuils”
(Romney — 3D seismic survey) iuituiifing feyardulmasitounuuaniifdananligniin
WATIALULIYLYRY seismic attribute H1UTEWIVLIAN (time slice) uawiUAY seismic attribute WA
grihaileseiludnuae seismic facies Jaduantfinisazsiouvesndulmazifieu Uszneusnens
Hsandadesig 9 wu gULuun1521997 (geometrical configuration), AasiELe (continity),
AR wazueumdgn vesdulmasiiiou

NAN1TIATIZI variance attribute WnzdmuNsLanINatoyansssalduguatieal
folflos 1y veusEULTeshAuaLNs oE1aAuTR instantaneous frequency attribute Hu frenis
FunnseaziBunvetesrusznaufiinainnisasaus (architectural element) root mean square
amplitude attribute wagsweetness attribute Tunansdansidsunlammaineriiu Tneamzogn
B9 sweetness attribute Huannsaldsuuniiunse wasiiulaau (Fefiufua) sonainfuld
ssfUsEneuiiiAnannsavaudanelufiufidnuil asanulddensldansnuusadulmasiou
LAZANUIAEUEUANUYNABINIBNITIATIEY seismic facies NaNMTIATIRMVINIEITEIALU seismic
facies meluszuusosinfuagmsld 5 9 (1) aznoutduils (overbank deposit) (2) wamznau
Fudouninnisndeudeana (mass transportation complex) (3.) azneuduAnTuly (inner levee
deposit) (4.) pznouiitinanmeindeuiu (stacking channelfill deposit) waz (5.) aznaudunsy
1318 (point-bar deposit) UBNAINT seismic attribute way seismic facies WilHRMUANIIATTANY
fmestuiiuneld uarnsnszareidunuluvinuiisenadesiunsiiegresmenaunsingist
(basal lag deposit) LLazmznauﬁmﬂmaﬁﬂsgauﬁu %ﬁm‘ﬁumﬂauﬁLﬁmmnizwmqﬁ’] (channelfill
deposit) 3eifadeunasazaunsnoumariiinaziirunguuardulsyaninnuduld fungaus
mafhudusutniduiivedinaindousiinld nelussuusoshiuaymsi




v

nsUsyYLdnIng “s3dilve 2562”7, 16-17 fugneu 2562 o 1534sH A2 LWosAAE Useaun nJunnamuas

n1sUsEenAldnsdnsassliandineauayunsAnesulusuen:
nIRiAnYT anerulsEInfans wizuasATaysen

s1 a § @ =2 (% a a 3 a [y a3
AENT YUIUUN *, USUAT TEU, ANT1IN Agulyn , ANBAN AUNTINIVY

! SEIS-SCOPE: medninensandiufian uniinendeownunsenans
? nosssdiine) nauminensssdl 75/10 0.n5293 6 1T NUNNAMILAT 10400
> diinAauinsi 3 wszunsAIoLsen
*Corresponding author: AM@ns Yuuuv Email: fscipkp@ku.ac.th

unAnga

AP uildunslddnenmvesnisdsvssafdnduvuysminig ieatuayu
nsfnwgadunsilusaed Ineld33n1sdsaasniimgaiiuiu (Ground  Penetrating  Radr,
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ﬁé’qmeﬁsﬁuawuﬁizﬁi’mqaawﬁm loun Auyu wazuiulia saemella Spray coating WAzl
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Tneenlediidunsitulnemnaia X-ray Diffraction (XRD) wuinillassadrandnduwuvewng uas
Fuauiandnlagld aunts Scherrer nudmaninmdelasenludndunsizsildfivnn 16 uily
wns  HansAnwandnvziuimsnsnmaresiUssneunaaiivesssdl Tanfedeudaelmd
Heleeanledeunipvuinunluwnsieweda Scanning  Electron  Microscope  —  Energy
Dispersive X-ray Spectrometer (SEM-EDX) W‘wa'%L’Jmﬁuﬁwmﬁiﬂi’s’mqﬁy’qaawﬁmﬁawmﬂlmm
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Tritussdiinguiomslfnudusnagldosnamarnvanesnnd sty
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Taeldduldiidudonans (Developing new techniques to

enhance mineral exploration using biological media)
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Huifisefu yonend msUsvananamedalagda Minimum hypergeometric probability (MHP)
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fluanafinenm 2 5190 Pb Wag Zn wazdegnamuldRaAu (subsurface soil) 31 2 s1mufuAe K
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U-Pb dating of detrital zircons from clastic sedimentary rocks along

western margin of Khorat Plateau as evidence for tectonic events
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FA0Y LAIYAIAU WAy Hidetoshi Hara
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z Geological Survey of Japan, AIST, 1-1-1 Higashi, Tsukuba, Ibaraki 305-8567, Japan
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nauUszmAanglianauUssnvRuinedeng Jusenideslsd (ASEAN) waznduussmadiasatdfyfe
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on the Law of the Sea: UNCLOS)
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2.6 \n38U8gMeUsTlsTAUYI AT ELUTTNLaL seaUlan (APGN/GGN)

etnegreussdiseiulan (Global Geoparks Network: GGN) dndatundausnlull 2547 Tu
dnuwauzitusiinsumnd meld UNESCO wagliiannduuuuifuazanasgiulimnussmahluliidle
Aupsaadasiuuvassanlanniessdiinel sawiunsiaulugiinianie vedanluiuesygiaeg
Fadu Tnglud 2558 UssimAaunTnues UNESCO  f1uau 195 Uszina MolsidmenTunsdydnval
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gneussallanlueide-wUdiin (Asia-Pacific Geoparks Network: APGN) lievin3e waniuaguasnainug
wardayainasdmiulssmaandngneussalsyiulanvasgiualn

27 msUszyuavnmiesinduarfoollandseninaszma (intemational Union of
Geodesy and Geophysics (IUGG) General Assembly)

o A

A FUURS IR B USULAIRIAUENTTUNSE DRI TRaTE oaNAnduraf WeoTuil 10
= N v a I A a o o N A v
fway 2558 InedldNTuuEunms WuUsesunnenssuns iasilesuinsuningnsssaivseguny
a8/l UDIAUTENBUVBIAULNTIUNTAING? mw%’wmﬂiﬁiﬁﬁ%ﬂﬁ%mwmEJWL‘T;Ju;:JLmu”Luammsum
AN ndealndnazdeelandszninsUsema (International Union of Geodesy and Geophysics: IUGG)
LLazameLml‘V\ILLaxLﬂﬁmﬂuﬁﬂmwdwﬂixL‘m (International Association of Volcanology and

Chemistry of Earth’s Interior: IAVCEI) Tuguggl e 1v1amnenussalinen
3. ANMUIINNINIGIVINTTENINUTENA

31 anusiudensiieuduiusteyaniessdiing uiuvd (Intemational  Geological
Correlation Programme: IGCP) g/l UNESCO/IUGS

IGCP (International Geological Correlation Programme) Julassnisanusmiiomaianns
neld UNESCO waw UGS Tiiendestumsinuiludesingimanslan (Earth Science) Tnsniseiiy
1A59N15 IGCP lAAAlASINSIFeMessaling unnnal 300 1asensinensiaiusiueesinidenis
SAveLarsTSLTIRIVENNI1 150 Ussmavialan %QL‘TJ‘H“&E]WINW%Jﬂ‘UE)\‘]ﬂ’ﬁLLaﬂLﬂgﬂu‘aja%a%’]\ﬁ‘v’lﬂﬁ
warnadfelvlqvesinideluseiuginmanieluseAuainadang 1

nsunswennsssal I luildausndulasenis IGCP wedederdasdaudd wa. 2540 guil
U9q0u snunnsiandntunsusudsddeyaivinisiussdiivenvesdsane uazn1siduninsgiunii
Joyassdlineuarnineinsssdlvealsamea nedagtu nsumsnennsssdliduiuszanuauuasidnsu
1A59N15 IGCP 91u3u 2 1AT9n1S IGCP 668 uag IGCP679

nsunswensesdl delaidnsalunisuseyulvganissaline uunid (The  International
Geological Congress: IGC) %dLﬁunﬁmiﬂ’imguwﬁﬂ%maummizﬁ%wEJ’]ﬁ’ma (International Union of
Geological Sciences: 1UGS) waziianslunisasmzuuudssiiofndonmnenssunisusmsuasiun
mensidinanuiiddnluunsdmsnde




v

IR N5 Useuninnis “ssdilve 25627, 16-17 Augneu 2562 o 153945y 100z LWosAad Usegun nJunnamuas

ANUI UL BNMIIVINITATUNN S UNTINANAIUTTNE TN TALTTTUINRINEN

nsuminensssdlugugmhsnundniifmihiuimsiansiisfusimnAndiussissainen
WAEITUYIAING NUNsE 3T AANATEINANAIUTIN WA, 2551 laanudunnusiuiiemeinnis:
mudeonnasszmineUsyine fu fssarleluensiens (Zicong  Dinosaur  Museum) lesdens
as1sausgUsTIYLAY waviifisiaeilaluans 3minnng (Fukui Prefectural  Dinosaur  Museum)
Ussinadyu TudnwazvesmuduiusifisAnsitufidlosdes (The Sister Museum Relationship) (il
WAL AL EUATUAIUNTIALAAIA NS AU LA lULENS TUATENIINYIMERS LA NIAIUNITIRUI NS
nsAn uaniAsussrrLiuazmeluladserinedu




i nsudowdssasuond
() ASSYVSIINRIITU

AlaN5IUIIBNUATITININYIUTTNBUUHUNS TN

o 1 o

¢ *1 s o *2
ANYIE  BITND 331‘9U33§3 LASNE LYT1INTIINA

7 6

324

jﬁ

! aa 9 = =
NB95IEANYT NSUNINYINTTIA 75/10 ANTETIM 6 TIUNT NTUNNUWILAT 10400
*2 sa '
auANsTAIneUisUsEIMAlNY NTNUTILAT

UNAnEo

msﬁmaLﬁa%’mﬁmmuﬁﬁia‘j‘immﬁuLﬁumuﬁugmﬁwL*‘f]ummﬁﬂﬁiaj"iwmﬁmsé]’mmmaa
drsruariaviunuiissdineld werlunisdmedahusuiissdiverdu amsfesdsesnumsdiag
Usgnauwnuil iledemsteyauazdodida Wgithluldannsadlasasliussleminnunuilios
auysaiuazgnies Inevtiluusuiissdiineroafimsiiauedoyaifaruuanisiuiuiuinguszasd
yan1sdsdariiunuiissdinenduy Tullagtunisdrnauazdaunuissdinenainnaie
M Twsaniunsing felinsinauednvazvssunuiivassnufiunnsieiu usied
fnquarasslunisdrmassdiinenfietavhunuiiniouty Tnsemslanaiasomivanglu
senulszneuLRuiity q naminensssdlldtutuaneussiineuisssnalne Savhdiens
Foussaunisdrsalsznouunuissdinedu Taedingussasdiolfidunuimiduninden
enuUsznouLNuissaiveliuAgdna wasfiferdoslunadeunasdaviisoanus Tawnsa
sufunsldazan samstu uanidumesgulvluwamaienty wsdunseumansaaeuai
Asuuventonlusignuiiesd ldidaaudvau uashliildannsodlaludemunuiiuasld
Uselowdldanysaidety madudunuléfinissmuna Jesgiussnanaiugiu 1n3UiuuLay
o v9331891uNIdN Meedninsunuiissdineuargiio vesnauminensssd dileuns
ALUrINITREUIIBUNITETI955EINE Anan1dun1sfnuilulseima wazganrdunisAnw
freUssma svesUuuuNEdunenunsdsusuiissdine e smiisnusiisseme fadu
aanduun Tnssadrevesssnu suuvuuaziiionivessissu ndninusinisideu n1sdneds
UsINYNTH JULUUNTIRRia wagnsenegensdiveiinasuagldasnserinlunisdeuneau
Hudu Selumsdszanadingm audiui nenulssneuwuiissdineniu asdunioussay
Jgns9taly Fadsznavldrediui iedewardiudneds dvfuiideddyniessaineniidu
devmdnuagliinislinne Thun fnguszasdvouiunvosnisaniunis Inerfiu nsdifududiv
53INelATIas1e 53INeUTEIR LAsEesIEIneT Wnassdlive) uazlenans8199e Wuduy




111

v

nsUsyYLdnIng “s3dilve 2562”7, 16-17 fugneu 2562 o 1534sH A2 LWosAAE Useaun nJunnamuas

A & a ¢ o =
LAIDIUDINYIATENT — NIUNINYINITI
Yetiun srwnaanagms
NOYIATILNUALATIVABUNTNGINTSTA NTUNTNENTTIE 75/10 ANTTIM 6 IUNT NFUNNUNIUAT 10400
UNANED
NIUNTNYINTTIA NTENTININYNTFITUNRUAEAWIAGTON Hn1sNaneITUNITAIY
n13ausNY N1TAUYRaENITUIMITIANITAUEIAIINGT NSNEINTEIH 91nANAUTIH s3alINen
Aawndon warssaiuRdy Tulsudsvann w.m.2559-2564 lasatiunsimunadadeya Audusnis
11U UaTNITINELNTDIAAIINS KUNagNT duaSunuidouasinug WeenIeAuNInTFIUIY

Fmnisuasiunsldwaluladiivads Wunsimumineinsssd aunm@in wisvgia day
aeadsdu waziinUsyleviiasan

AsiRUsEmeAlAdinueIyiiisuasegia dsnunaznisdios Saudnduedis

'
a

Befiazdesianmaluladindesileinemansfiinunmdusngudfy dddyiaausznismis
Aemnuimanaluladinsesilosuingiaans swdesiinnuduudsuaziauiuasis awise
waniUAsuSeuslédenuemannina osneuiiuguedosdiomeineiemans axlidauddy
Tumsianninermansuazimalulad Aanuieriumanfifounnuuuuasiiodeiuintinves
ynavludsny iy Sudufensaimunsuaniddsunszuiumaisuiiuedosdioinemanslunn
sEAUMIIaL nsuminensssdidaiiniesdleinemanifidndu uwadueiesdeinemansanely
Mo URANs 91w 70 Useun o810y Laser ablation Inductively Coupled Plasma Mass
Spaectrometer (LA-ICP-MS) Inductively Coupled Plasma Optical Emission Spectrometer (ICP-
OES) X-Ray fluorescence spectrometer (XRF) \udu uazipdeaiioninauiy 10 Uszuan sgramu

Sensor Digitizer/Data Logger Accelerometer usu

o nsumsnennsssdl Wnsemindinnudfyresmsmeunsimaluladirdesioinermans
diensthlulduselowd waznisadrenrmsiuilomsdnnis nswandsusoud Sstunasdusening
Un3vnns wag  1n3de watevuieau suasiiludnisiaunauaininides  wazausiuielunis
Waunainnsuaznddedeltluouian  nsumswensssdiniaduetiedeinanluyssloviun
eI UnIYINIT UnITe LLﬁ%ﬁﬁﬁuiﬁ]@i@lU




- Y

i nsudowdssasuond
( ASSYVSIINRIITU

NUITIATINIT TGP Aun1saduayuensAansiuangussaidaulssuu
2562 THAI GEOSCIENCE PROJECT (TGP) and Geological Research
in Geopark Areas (2019)

Apsorn Sardsud

Director, Division of Mineral Resources Analysis and Identification,
Department of Mineral Resources, 75/10 Rama VI Rd., Ratchathewee, Bangkok 10400, THAILAND

e-mail: apsornsa@yahoo.com

Abstract

The Mineral Resources Research and Development Center (MRDC) was established in
December 2018 by the Department of Mineral Resources (DMR), Thailand and for since then
MRDC has been trying to set up the Thai Geoscience Project (TGP), the new geological
research system in the department. TGP’s management structure in the beginning is a
department organization level that is managed by the DMR’s research committee in which
the director of MRDC is the secretary of the committee. It plans to be developed and
extended to the national level and may be similar to IGCP (International Geological
Correlation Program) of the International Union of Geological Sciences (IUGS)’s structure in
the future. TGP is divided into 5 groups of geological interests; geoconservation, geohazard
and environment, minerals, fossils and geology. Recently, geoconservation is important for
developing a sustainable economy which is one of Thailand’s Vision (2037) and a Thai
National Strategy 20 years (2018 — 2037). One TGP number may include many types of
geological research and related activities inside the project. The research and activities
should aim at supporting the National Strategy and should have multi-co-operations among

researchers.

In DMR’s fiscal year 2019, MRDC follows the National and DMR’s strategy to set up 2
TGPs for supporting Geoparks and geo-conservation by geological research in two areas:
Satun Global Geopark and Phetchabun local Geopark. The first TGP is geological research
supporting Satun Global Geopark and this project is continues work from last year. In this
year, it aims to obtain more geological information on the international geological
significance of these areas and others in order to prepare for the next geopark evaluation by
UNESCO. They are many researchers and co-operative groups that will or have joined this
project. IGCP668 is one of the co-operative projects and its first meeting was held in Bangkok
and on Tarutao Island in November, 2018. The result of this meeting established at least two
more research projects on Cambrian-Ordovician trilobites and on Ordovician sponges and
stromatolites in Satun Global Geopark area by co-operative researchers from USA, China,

Japan and Thailand. The Ordovician-Silurian graptolites research in Khao Nui area,
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Carboniferous ammonoid research at KM.9 at Ban Thung Samed , and others are also
continuously studied by the co-operation of many researchers from DMR and universities in

Japan.

The other geopark TGP is in the Phetchabun local Geopark. This project has just start
in fiscal year 2019. It aims to research on paleontology and tectonics at Phu Nam Yod
conglomeratic carbonate area in Ban Yang Ja in the Phetchabun local Geopark. They are two
kinds of co-operation teams with different purposes. The first is an MOU between the DMR
and the Geological Survey of Japan (GSJ) for zircon dating and tectonic research. The second
is the co-operation of many university researchers from Germany, Japan with DMR for
paleontological research such as on gastropods, conodonts, corals and other taxonomic
groups. The results of this project probably will be of International Geological Significance
for developing the Phetchabun local Geopark to National and Global Geopark status in the
future. The number of Thai Geoscience Projects (TGP) will probably be increased with the
increasing number of Geoparks . We also need more networks and co-operation between
researchers,institutes and organization around the world. The results of all TGP’s will support
Thailand’s Vision (2037) and the Thai National Strategy 20 years (2018 — 2037) and help the
Thai people by establishing new and enhancing current conservation tourism and maintaining
a sustainable economy. It will prove what Geology can do for society and what geological

research can enablel!

Key words: TGP, research, Geopark, Satun, Phetchabun

TGP Leader

| Create research under concept

I
Project Base

Thailand Geoscience Project (TGP)

e

Project Diagnostic Board (Thailand’s specialist)

General Director of DMR = President

Thailand Geological Research Board = Board

Ministry of Education = UNESCO (IGGP)

5532014

Figure 1 Thai Geoscience Project’s management structure and relation to IGCP
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Figure 2 The Ordovician-Silurian graptolite research in Khao Nui area, TGP research
supporting Satun Global Geopark.

Figure 3 TGP for the Phetchabun local Geopark, incorporates paleontological research on
gastropods, conodonts, corals and other taxa at Phu Nam Yod conglomeratic, carbonate
area in Ban Yang Ja, Phetchabun province.
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B) cf. Brachythyrina sp.

Q) cf. Hustidia sp., wag

D) cf. Mucrospiriferinella sp. or cf.  Xestotrema sp.
E) Paladin opisthops

F) Brachymetopus (Brachymetopella) nakornsri
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Climate change affects Groundwater Recharge and Soil Salinity
Case Study: Central Huai Luang Basin, Northeast Thailand
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Sandinwagniang fuen (KN1) uagazTunn (KN2) msdsudundsidl#l433 Slope  Mass  Rating
(SMR, Romana, 1985) dufiunslimavuuuarusiunmemiaindesiu (rock slope) auaunis
SMR = RMR + (F1xF2xF3) + Fd4 lag?l SMR dlAngsgaviifu 100 wagArsanawyiniu 0 39 SMR
anunsaUsuiuléinen1ssan Rock Mass Rating (RMR, Bieniawski, 1979, 1989) dududnisniwes
filsannsdannanluauaddlaun (1). msfmunaunmiiu (RQD) Taviluaaauugainway 2
A (2). srpwvissosunnuiesesien Tnetwualiiliyasesunnas 7 doxa (3). anmuassosunn &
fn91dwesdasdn 5 f1 As ANEIUBITOBLAN (length), N1siUavessoswnn (aperture), AW
YJUTLVDITOBLAN  (roughness), MIsuMulusosuan (infilling)  LAYANIWNNTHIIVEITOLLAN
(weathering)  lnefigafinunay 50 oy uay (4). anwmnislvavesi wazarannsmaaouly
vipaiAnsddluiiiie Masdavesiuunmnauliseilowhnsmaaeueisidanngn (point
load strength index) kagyinn1snaaay 20 A%t uazmnfimestieUSuAiuiunuaunsen 4
W13 dweshand (n).F1 A1ANVLINANTENINNITINAITOITRERANTUNENAABERAY (V).F2 ALY
n1sidgamvessawanluudaz JULUUYRINTHINane (A).F3 Aauduiusseninauidsanvessey
uin (oint dip) Aumthaiadesiiu (slope dip) Inedl F1, F2 uay F3 AoaviN1sUsEiugukuUNg
Wananededa kinematic analysis AousaunsammundmTmesie 3 Hi6 wazmsdwed ().
Fa gnuaan vl AevthainBesiiu dmsui 2 9afnwn (KN1 wagkN2) wuiisuuuunis
Fmaneduuuudnuasathandesfuiatuemiusssnd Welddmnsivestmuaudidetmun
waziigulvimguuuanaesanshieiaziuuyemsiiinesusas i

HANIIATINAIALHULANTUADMTNAIMB B IUAINENNTS SMR Wuingadnw KNT 1¢
ATLUL 94.4 AzUuL dugadne KN2  ldnzuuu 94.65 Fudumnzuuuian nan1svaaevinli
ayunihanadesiiunlainis@ineive 2 aegnialilaineglududu 1 (Class ) vowmiaadesiu &
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ﬁmﬁmmwmmﬁumqa (completely stable) wagzilalonainn1swivnane (probability of failure)
wihiu 0 vilrladndudesdinistesiunisianans (support) G?QLfJumﬂzLLuuﬁqdmn dlawfleuiiuen
AvuuuAUSuAIaThatnBesiiu SMR 183 Romana, (1985) Ehugﬂu,‘uumiv"w’wmauw?{uﬁwu
w5elusnafiuii 2 9afnw Fadlvunanme 30-40 wuiuing lddaindusunmedosaniluuedn
wazsesunndsnsdnuiuiuegegie

LONE151989
Bieniawski, Z. T, The geomechanics classification in rock engineering applications, 1979
Bieniawski, Z. T, Engineering rock mass classifications, 1989

Romana, New adjustment ratings for application of Bieniawski classification to slopes, 1985
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WAz Japanese Society of Civil Engineers Tnesein 2 38 dldUsziusfefithuiuiulmansesidou
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