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Abstract

The result of the new paleomagnetic siudy, logether with that of the previous information,
on the r~d bed'in Khao Phu Thok Noi, Changwat Neng Khai reveals that the probable age of this rock
unit is Miadi. to Late Mesozoic Era. The red bed censists predominantly of cross-strata vellowish red,
medium- 10 coarse-grzined sandstone, interbedded with reddish yellow, massive, very fine-grained
sandstone. Field and remote-sensing dala indicate a broad syncline whose regional strike is in NW-SE
direction.

Deiziled petrographic 2and XRD exzminztions indicate the preservation of Detrita] Remanent
Magnetization by the presence of hematite fragments. The paleomagnetic measurements of the new S
sandstone samples and the previous 44 samples of the Phu Thok Formation, confirm the alternation of
at Jeast 6 normal 2nd 7 reverse polarities. This can be related to the Late Jurassic 1o Early Cretaceous
Period of the Geomagnelic Polarity time scale, Severzl sedimentological criteria including various
scale, multi-direction, cross-bedding. lithological chzracieristics of rock unit, sphericity 2nd roundness
parameters, as well as scarcity of lossils, support the acolian environment of deposition with minor
interfingering fluvial facics sysiem. Our preliminzry study indicate that the Phu Thok rock unit can be

magnetostratigraphicaily correlated with thase of the Phu Phan Formation Usensu strictod.

INTRODUCTION

Paleomagnetic and geochronological evi-
dences in Thailand accumulated during the past 20
years have led to a detailed understanding of the
geotectonic evolution of Thailand and mainland SE
Asia. The result of the paleomagnetic data reveals
two major categories. The first is the position of
paleo-latitude and -longitude of paleopoles. Fur-
thermore, the paleolatitude of the rock formation can
be recognised. The second involves the magneto-
stratigraphy, a branch of stratigraphic study based
upon magnetic signatures, particularly remanent
magnetisation. It consists of the alternation of
normal and reverse polarities of the area concerned
and compared them with the standard lithostrati-
graphy of the known ages. The 2im of this study is
to preliminarily investigate the chrenology of rocks
of unizicwn aze of the Phu Thek zrea, NE Thailand
using rcleomagnetism, and to vistalise a magne-
tostratigraphy of the zrea which revezls the probzble
zge of this rock unit, and is the basis ¢ata for tectonic
movement of the zrea.
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PREVIOUS STUDY

Paleomagnetic studies in Thailand were
started in 1975 by Tarling (1975) who reported
results from 9 samples of Khorat red-beds of Ju-
rassic Period. Barr er al. (1976) presented some
result from the Cenczoic basalts from Northern
Thailand. Paleomagnetic studies of Barr et al.
(1978) were concentrated to Jurassic red beds and
some Triassic rocks. Bunopas er al. (1978) con-
cluded that the Mesozoic continental red-beds of
the Khorat Group could be paleomagnetically the
most reliable rocks. Later on, Bunopas (1981) re-
ported paleomagnetic measurements from 33 Kho-
rat Group sites with in and near Khorat Plateau.
Achache and Courtillot (1985) reported a prelimi-
nary paleomagnetic study of the Upper Triassic
sedimentary rocks from Northeast Thailand by the
39 crientated cle from 5 site in Hual Hin Lat
F ."""'._';u. i te and Vella (1986) reported the
result frem Maronzte (1982) based on samples frem
179 sites of rocks from six widely separaied secticns
in Kkorat Pletean, Pattarametha cr al. (1988) studied 2
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GEOLOGIC SETTING

The investigated area is located in Khao
Phu Thok Noi, King Amphoe S Wilai, Changwat
Nong Khai (Figure 1). It is bounded by longitude
103 52' 49" E to 103 53' 24" E and latitude 18 07' 26"
N 1o 18 07" 59" N. The rock formation or the so-
called "Phu Thok Formation" (Sattayarak, 1983)
in the area is believed to be a youngest part of the
. Khorat Plateau and is located in Indochina massif.
It is divided into 3 members based on fossil-barren
Jithostratigraphic cycle. Detailed stratigraphy the
area can be found in Imsamut (1994) and will not
be specified herein. The summary of the strati-
graphy is depicted in Figure 2. The Lower member
consists of thick bedded, yellowish red, fine- to
medium-grained, lithic arkosic sandstone (>3m
thick), which have cross-beddings, intercalated with
minor whitish purplish red, very fine-grained, cal-
careous sandstone (1 m thick). Some parts of this
member shows desiccation-crack and ripple struc-
tures at surface. The Middle member comprises
interbeds of whitish yellowish red, medium-to
coarse-grained arkosic sandstone (>2m thick),
which have large- scale cross-bedding (Figure 3.),
and intercalated with very gently-dipping, whitish pur-
plish red, very fine-grained, calcareous sand-
stone, 2-4 m thick (Figure 4). The Upper member
consists of whitish yellowish red, fine- to medium-
grained arkosic sandstone which have large scale
cross-beddings (>5m thick). The total thickness of
this section is about 139 m. Field and remote-sensing
data reveal a broad syncline whose regional strike is
in the NW-SE direction N-S direction for most
parts of the sequence. However, a deviation in strike
to N-S direction was found in the upper pan of the
sequence. The dipping of this formation is in
general less than 15 and present as undisturbed
bads,

METEODQLOGY

This study commences with an interprala-
tion of the area The
regional gealogy are c]“c}ed by :1eld works (!'1
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a using remiole-sensing images.
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Szmples are cellecied at site frem botiom to top of
this fommatien by a hand-Zrilling machine, The comes

r2 criented with 2 Brunton megnetic compass. At
nt. ebout 60 sampies ¢f ¢
="""c e TOCKS are st C!ed._ Samples ere ccilecied
for ezch 1 m spacing from bc;{cm to tep. No defor-
mation and weathering efiects are recognised in the
rocks. . For the laboratory investigation, 3 indivi-
dual specimens (2.5 cm in diameter and 2.5 cm in
length) are performed from each sample. Natural
remanent magnetisation (NRM) are measured with
a DSM-2 spinner magnetometer. Some specimens
were selected for demagnetisation using stepwise
incremental heating technique in TSD-1 tempera-
ture-controlled oven at the temperatures ranging
from 100 C to 600 C with an increase of 50 C step.
The propose of this thermal analysis is to acquire
the most appropriate temperature for demagneti-
sation. In order to perform such analysis, intensity
and zijderveld component plots and equal area projec-
tions are used to assess the directional stability of
the individual specimens. The cleaned specimens
are measured in the measurement again. The final
data of each specimen are corrected declination (D),
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“corrected inclination (I) and magnetic intensity.

’

Inclination and declination data of at least 3 speci-
mens of each sample are -then calculated. The
results involving paleo-latitude, paleo-longtitude
of paleopoles and paleolatitude of the rock sequences
and accepted parameters (such as A95 or cone of
confidence) of each sample are recorded. Polarity of
poles are contributed by stereo plots which indicale
both normal and reverse polarities. In microscopic
study, characteristics of the fossil magnetism are
considered. Both polished and thin-sections reveal
the presence of iron-oxide minerals. For extracted
powder samples obtained by magnetic method, SEM
observations (Figure 5) and X-ray diffraction (Fi-
gure 6) were used to further confirm the result from
the zbove method.

-

RESULT

‘CHARACTERISTIC OF FOSSIL

AAGNETISM

Micrescepiczlly, hematite occurs in matrix
of lithic arkosic sandsicne. It forms irmregular to

slencer shapes in thin s2ctions and shows bright
tight purplish grev in pelished sections. XRD
weiod of the pow dored samgpies shows smgil pezks
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Tigure 3 Natural exposure of reddish to yellowish brown, arkosic sandstones showing variously-scaled cross-bedding
(looking mortheast).

Figure 4 Naturzl expesure of whitish purplish red, very fine-grained calearcous sandstone {looking nerih),
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Figure 5 SEM
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cecuracy of the result (see Table 2). Thermal treat-
ment reveals thzt at about 250 "C, the
mzgnetism is zlmest clean
‘D ¢it), s supporter
1rdene?d piots _
men is one-compenent magnetisation which is
d=s o;cd between 100°C and 250 C (or so-called
LT components or thermally distributed compo-
nents). The NRM of each specimen. ranges from
0.39 to 1.25 mA and magnetic intensity of the
cleaned specimens ranging from 0.36 to 1.06 mA.
Moreover, Pattzrametha er al. (1988) cleaned their
samples by thermal demagnetisation until tempe-
rature up to 600 C. They recognised two-com-
ponents magnetisation such as LT components (or
thermally distributed components} which were de-
stroyed between 100 °C and 250 "C and HT
com-ponents (or discrete components) which were

secondzary

destroyed between 450 C and 500°C. They sug-
gested the approprialed temperature treztment about
230 C (Ficu-’c 7). " Using a compuler prog

guzchid o the §
messurad szmnles (12298, D=-46.7,
cennot be accepted &s a primary pr_lco-n
cirecticn. However, stereo plots of most measu
sample still revealed a normal polarity. The rcsu]t
of 5 collected samples are summarised in Table 1.
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DISCUSSION

MAGNETOSTRATIGRAPHY

According to the work of Pattarametha et al.
(1988), the Phu Thok Noi posses 27 normal and 17
reverse polarities. However, when taking into

Yup
Sample No. 31002 8 Wo— - + <
100 .
. Mo 0.46 mA/meire 500
=l NRM
g &0 1 250
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( Tnermal demagnitization)
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Sample No. 310088 NAp
_>_~ Mo 0.3 mA/meirs
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= +* jderveld piot
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Figure 7 Intensity and zijderveld plots of sample Nos. 31002B and 31008B showing the two-component magnetisation in the

rock sample (afler Pattarametha et 21., 1588).



account the zccepted value at A95, only 20 % of the
semples are augi,ﬁed The rasult, thersfore, revezls
oaly 12 nosmel and 3

bl 1 ¢alt 1o 1"::"“‘-’{ the zcc_.a_:: rotztion of

e,

P | . L3 - .
SVETES DLENT ~U Zrgeent,

\-.i

0

Tae} cmbg 1

LUI0spaEnc r;....:es. £n

o o - . g, 19 it -, o 1 i -
idea zbout 2ge of rocks in the arza. Ourresultis that

the previous 44 samples of the Phu Thok Nei, con-
firm the alternation of at least 6 normal and 7 reverse
polarities. This result can give rise to magnetostrati-
graphy of the area (Figure 8 ). It can be related to
the Late Jurassic to Early Cretaceous Period of the
Geomagnetic Polarity time scale. It is also indicated
that the rock unit may be magnetostratigraphically
correlated with those of the Phu Phan Formation.
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POSITION OF SEDIMEN‘T.—".RY DEPOSIT

Regu!
show 1he mean inelinaticn of 5
of 114 (A95=226) W Hew czlculated for the
Fau Thex present site (18.2 N, 104 E), it is found
thzat the Dal&OpOIE pesition of Pha T'm,\ was zhbaut
76 N and 151 E. In addition, Lhe paleolathude of
the Phu Thok deposit is suggest to 2? N. It can be
correlated with Khorat plateau position in Jurassic
to Cretaceous Period ( see Yang er al., 1993). The
paleopole position during that time is 74.3°N,
215.7°E (A95 = 6.5°) and the paleolatitude of the
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Figure 8 Magnetostratigraphy of the Phe Thok Noi area in a cemrparison with the geomagnetic pelarity tinve sczle, indicating the

Late Jurassic to Early Cretaceous Period.
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Je 1. Paleormegnetic result for the 5 sarmples of Phu Thok Formation, LT = singlecomponent magnetisation destrmed zt
ively low (emperziure (1'\0--00 C), D and I zre declinztion 2nd inclination, respectively, k is the Fisherian precision
:,-:-_-:cr, 465 ig the radius of cone of §5 % "'.".i‘.df::ce within site and overzll meezn,

Dzmag. LaComedied genpyad : Peleoncie
Site component | D I K A%5 | D I ) A95 | Lt Long
v PRATY {6 SEEEN

Phu Thok Formation (Lzate Jurassic to Early Cr.e:accoﬁs)

1 LT 233.0 54 324 fi.E 3350 229 173 168 65.0 29
2 LT 247.8 15.8 10.2 40..3 13339 147 2.8 484 624 3545
3 LT 194.6 72.8 14.1 18.6 388 68.8 13.1 19.1 44.5 136.6
R LT 219.8 51.1 279.0 48 303.8  59.1 502.1 36 372 50.8
5 LT 208.1 384 X6 223 88.5 9.0 17.2 19.5 190.2 - 4.5
Average .LT 218.6 42.9 7.4 253 3133 398 39 29.0 46.1 28.0

fable 2. Paleomagnetic result for the 11 samples of Phu Thok Formation using Thermal demagnetisation, LT = component
nagnetisation destroyed at relatively low (150-200 C), temperature, HT = compcnent magnetisation destroyed at relatively high
emperature (450-500 C), D and [ are declination and inclination, respectively, k is the Fisherian precision parameter, A95is the
adius of cone of 95 % confidence within site and overall mean (Modified from Pattarametha et al, (1988),

Demag. correct Paleopole  Paleolatitude
Site component D I k A9S Lat. Long. (' N)
(9 €Y (M 8
31023 LT.HT? 3303 324 il 45.3 61.8 IES 176
31024  LT,HT? 64.8 6.0 30.7 17.5 249 199.2 3.0
31025 LT,HT? 277.0 439 18.7 18.6 13.9 369 257
31026 LT.HT? 3094 268 2.5 50.8 414 17.1 14.2
31027 LT,HT? 80.2 41.3 10.3 250 159 173.7 237
31028 LT,HT? 3439 612 14.4 21.2 62.3 77.8 423
31031  LT,.HT? 57.8 86.6 1.6 29.2 217 1102 83.2
31033  LT,HT? 65.6 13.4 9.3 26.4 25.8 195.2 6.8
31034 LT,HT? 323 446 U5 29.3 71.8 433 262
31057 LT.HE? 20.5 52 633 10.1 64.6 2294 26
3i03  LT,HT? 27.8 62.1 213 12.5 556 1202 434
Averzge 1.4 459 3.2 226 | 6] 1511 223




Khorat Plateau was 21.6 -25.6 N (Yang et al., op.
cit.). However, Bhongsuwean (1993), as referred
from Exdn et al. (1922), gives the slizhtly differen

0N L158°E.
In zddition, severzl gecsciendisis {&.g. !
1972) concluded thet the averzge palecpoies Guring
T zte Jurzssic-Ezrly Cretzceous Period would have
been located at 65 - 66 N znd 138 - 166 E. Result
from 14 Upper Jurassic rocks of Northeast Thai-
land by Bunopas (1981) revealed that the paleopoles
position in Jurassic period was 67.2° N and 163.8'E
(A95 = 13.6 ). From this current result and the pre-
vious studies, it can be inferred that rocks of the
Phu Thok Noi area would have formed during that
period of time. The summary of all data of paleopole
is shown in Figure 8

ot ERAatER BE Ssksastaikials
SE.ecC.2 gostiod gt aporeximatay
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PALEOENVIRONMENT

Several cutcreps of thick-bedd
szndsione inciude verious:scele

croge-bedding eroeture with aversge € zangle ¢

e
linana

ghout 18 -26". The textusel charsctedistics
arxkosic szndstone indicates that 2
have subroundness and good sphericity znd the
rock has good sorting with the absence of fossils,
Both sedimentary structures and structure reveal
that the sediments were deposited by wind as dunes,
Result from SEM also indicates another interesting
support, i.e. some grains of quartz have small pits on
surface, possibly caused by wind interaction. In
addition, the best reason of characteristic from wind
action include barchan dune recognised from angle

e s - L
n..;‘...C-C,.-;s;s

LATITUDE( °N)
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Figure 9 Equal-area projections showing the pzlecpoles during Lzle Jurassic to Early Cretaceous Period.

P = Patlarametha et 2l (1988)
Y = Yang et zl, (1993)

bBh - EBhongsuwan (1553

B = Buncpas (1981)

M = McElhinny (1973)

= The Phu Thok Form:ation

The Khorat Platezu

= The Khorat Plaicau

The Khorat Plateau

= Average worldis data
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Tt is likely that the
==z derived frem the neer b nce,
carrounding land mass was, therefore, the olcer S
Khua fluvial sandstone, and the Phu Thok Noi
sandstone is a result of the rework of older strata
nearby. Similar conclusion wes also made for the
Leshan Mesozoic sandstone in Sichuan Province,
Central China, by Xinsheng et al. (1992). The red
colour of the rocks indicated that the sediments
were deposited in the oxidising environment.

Very fine-grained, calcareous sandstone are
intercalated with thick beds of iron-stained arkosic
sandstone. These finer-grained clastics are inter-
preted to represent the interdune feature. At macro-
scopic scale, the occurrences of coarse-ripples, dis-
continuous laminae, rock fragments in very fine-
grained sandstone may support another phenomenon,
Furthermore, ripple structures and sand cracks are
usually found at top surfaces of medium grained
sandstone, above the very fine-grained sandstone
bed, possibly indicating very shallow-water environ-
ment. These are believed to have formed by the
action of wet-interdune deposit which have ava-
lanche toes or slumping sediments derived from
barchan dune (Imsamut, 1994). The coarser-grained
sediments were mixed with the finer-grained sedi-
ments as discontinuous horizontal beds. Such fea-
tures are quite similar to the sedimentary structure
of Albuguerque sandsheet deposit, New Mexico,
USA (Scholle and Spearing, 1981). The sandsheet
represents the eolian deposit occurring marginal to a
dune complex that generally does not have definable
dune forms (also called low-angle eclian deposits).
Therefore, ihe environment of deposition of the Phu
Thok formation could be an eolian environment which
posses alternation of sand dunes, wet-interdunes of
shallow fluvial deposit (wadi) and wet sandsheet envi-
fonment.

CONCLUSION

Th‘s prcliminary investigation forms part of
ng studving oa the chronclegy of Phu

ﬁ:‘-,:i‘,'cn by poleemacnetic dita. Th
zge ¢f Phu Thek Fermciicn beiween
reizceous Period. The resull gives
tostratigraphy and movement of
s, ard -*lec]w me of the stuéy area.
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ities which czn

et least 6 normal and 7 reverse pe!
71t C"-‘aceo‘s o}
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rnearly similar to vaiues of the Khorat
reporied by various scientists. Therefore, it can bc
possibly concluded that the age of Phu Thok is
Upper Mesozoic Era. However, it is noted that a
more detailed stratigraphic study should be concen-
trated and the orientated sampling are needed for the
accuracy of the Phu Thok formation age in the future
work, Furthermore, the more data are required for the
calculations of the pole position.

Several sedimentological criteria support the
aeolian environment of deposition with minor
interfingering fluvial facies system. It is lik=ly that the
Phu Thok Noi area and nearby, the desert emergent
landmass of the north of Khorat Plateau, was subse-
quently invaded by sea water during Cretaceous
Period.
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