CHAPTER VII
DISCUSSION

In an attempt to understand neotectonism in this
study area all of information in past sections are
integrated in order to discuss in this chapter.
Discussing issues in this study consist of neotectonic
feature, tectonic stress field, earthquake recognition,
classification of active fault, and seismic hazard
assessment. The results of discussion are cited below.

7.1 Neotectonic Feature

Based on LandsatwIM !& ery data, the Phrae

fault system ca ur segments, the
southwestern, , “he outheastern and the
northeastern v Jowever,. aecording to previous
studies, there
fault segmentatio

Neotectonic
have been cla g . ~ segment of the
Phrae fault systj al¢7 Eta f\\ NE-trending with
approximately 20 3 yment characterizes as
basin-bounded fau trace 1is located
closed to the sout Che Phrae basin and
situated between mountad. =3 nt and the basin area.

Depending on > plat B #iph_interpretation, the
southeastern sef - can be £ divided into three

subsegments, rg w;“ﬁ___ﬁﬁ' e sou the north; which
are Ban Thund“<Ch and Ban Pa Daeng
subsegments. Ac¢drding C orphotectonic interpretation

using aerial pho ograph there are several fault branches
observed containirgein thea%ﬁlﬂb& pal displacement zone of
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Khraut ao , which 1s so-called eastern border
fault, revealed some controversy. There are three lines
of seismic profiles which run across the present thesis
area. Line nos. P94-220, ©P94-240, and P94-260, run
through the northern, the central, and the southern part
of the thesis area, respectively. In line no. P94-220,
Srisuwan et al. (2000) reported the existence of eastern
border fault whereas Khrauthao (2001) did not report as
such. Unfortunately, Srisuwan et al. (2000) did not
report the result of line no. P94-240. However, the
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eastern border fault delineation in seismic line no. P94-
260 is quite the same. Besides, depending on seismic
interpretation resulting from this present study, the
interpreted fault resembles that of Srisuwan et al.
(2000) since both results yield eastern border fault in
line nos. P94-220 and P94-260. Subsequently, it can be
cited herein that based on seismic profiles, remote-
sensing, and aerial photographic interpretations, the
southeastern segment or the eastern border fault is
definitely located on the southeastern portion of the
Phrae basin, dip-to-the west with 45 degrees.

Three evidences o % omorphology were found
along the southea 8¢ race. Two of these

evidences are a sh angular facets found
. t. These evidences
tograph and field

e that " Ban Kwang
left-lateral and
e taken place in
evidence of fault
. =try as defined by
using aerial photg@rfph “met 3d ethod is advantage
i tres ‘ather than ground-

truth survey. are located to be
closed to the , ] basin margin. The
stream channels had gg:i 3 f by the fault trace
of Ban Thung =Ty ' with left-lateral
displacement. In addltggq# sixXjolitcrops on high terrace,
which lie along and close fb ) : n mountain range
front, had bee plore b by small normal
faulting. Almast dipbing cut across
west-dipping ti' lay seismic profile
line no. P94-240, the small fault shews antithetic and
conjugate charactgrlstlcs to t eastern border fault. If

the easte the small
normal fa ﬁrﬂ m WEQM] r antithetic

faults. Duduto its distance is too closed, the major and
minor antithetic faults fare beliewed to have/ a closed
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found contlnued as a single trace but characterized as
small fault branches. There is no evidence of antithetic
minor fault in seismic profile line nos. P94-220 and P94-
260 since these lines were not run across fault branches.

investigation.
subsegment was quafed &
normal movements

along the tracep
are clearly deiihﬁﬂigff,
,‘,.* -

In contrast, Fenton et al.(1997) and GMT (1995a)
cited that there was no evidence of eastern border fault
found on both seismic profile and tectonic geomorphology.
These authers had found only one outcrop of normal fault
cut across high terrace in landfill nearby Ban Pa Daeng2
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outcrop. Therefore, they had interpreted that this fault
is synthetic fault of the western border fault.

Based on the results of the field study, Ban Thung
charoen and Ban Kwang subsegments have characterized as
normal-sinistral motion. In Ban Pa Daeng subsegment,
unfortunately, only the evidence of normal motion from
high terrace outcrop had been found. However, these
subsegments are located to be closed to each other, and
all of these have short fault lengths. Therefore, its
displacement should be in analogous sense. Nevertheless,
the results from eart ault plane solutions 1in
northern Thailand espe Rong Kwang event in
December 9, 1997 «r & emporary movement of
the NE-trending fa e is in left-lateral

with small comp? ents. Therefor, if
the southeaster e ST IAIE , all subsegments
should be : \the. Same, normal-sinistral
movement. This stud' consigtent to Srisuwan et
al (2000) in 3 \ ense of movement of
the southeastern nt+ —He '+, Charoenprawat et al.

(1995) stated

offset of Tria .. "\ Chauviroj (1995)
also noted that t aelf 3 characterized as a
dextral displace ’

Based on tectonic - S ricld study, which had
discussed in section 32%@@_ be at least two episodes
of tectonic stxessilorienta ecognized. The first
episode indiﬁ' -5 “trending of T-
axis. The se sode has revealed
about E-W trends me s Yy in conjunction
with Charoenprawat et al. (1995) and*“Chauviroj (1995)
results, 1t can ?e 1nterpretq€rthat TR7 unit which was

offset by o NNE fault,
of fault ement corresponds to T ax1s However, left-
lateral and normal movements thah observed®/along the
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Based. on remote-sensing study, aerial photographic
interpretation, seismic reflection profiles, and field
observation, conceptual block diagram of the southeastern
segment of the Phrae fault system can be constructed as
shown in Figure 7.1.




148

EAST
high terrace
low terrace

2.5 km
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7.2 Tectonic Stress Field

In this section, tectonic stress axis orientation
has been discussed, particularly contemporary stresses.
Focal mechanism study and stress axis reconstruction
using field evidences including fault and joint data are
of an attempt in this current study. In addition,
previous study on the context related to this issue is
also integrated to discuss in this section.

According to focal mechanism solution of near Rong
Kwang earthquake event (My w which was taken place in

December 9, 1995. For tudy, the result shows
that contemporary cipal stress or
compressional stre found in NNE-SSW
whilst minimum p? ‘ 'ensional axis (T-
axis) is in ESE-W ion. s are found acting
in sub-horizontal i jegree of plunge.

This earthquake by strike-slip
movement with sm

This study

had suggested
approximately east-
ftress axis in active
w.Three focal mechanisms
- Thailand are
h contribute
k ) is undergoing
east-west to no on on north- to
northeast-striki normsﬂioblique faults
(Fenton et al, 1997 In the report of dextral
transten51o Sattayarak
(1289), %F\ ?15@% Wgﬁ@ composed of
north- south ession and east- wes extension of
present-day ectonlc stresg axis orientation imyThailand.

River 1chd B0V ours] GHAIOl | Pdsalab] Eind B bumat e

faults %re the principal dextral faults, whereas the NNE-
SSW trending included the Northern Thailand, the
Uttaradit, the Ranong, and the Klong Marui faults are the
conjugate sinistral faults, which are found terminated to
the dextral faults. These previous works are consistent
to this thesis result on the focal mechanism solution.
Consequently, based on all results stated above the
southeastern segment of the Phrae fault system, which is
delineated in NNE-SSW trending, should be undergoing
normal-sinistral movement.

that northern Thailaj
west orientation o
normal and oblique- sllpr em-‘
of past moderate earEﬁquéke%”
consistent w'i‘i_ geological
comprehensive >
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Additionally, as the results of fault and Jjoint
analyses using field data constructed on stereogram,
these sets of data yield three sets of results. They
included fault analysis using fault data from high
terrace outcrop, joint analysis using joint data observed
at Ban Pa Daeng high terrace outcrop, and joint analysis
using Jjoint data from hard rock outcrop in mountainous
area nearby Mae Man reservoir. Fault analysis reveals
extension axis in the ESE-WNW trend. Ban Pa Daeng joint
analysis suggests that tensional axis lies in
approximately E-W trending whilst compressional axis 1is
in about N-S trending. reserved joint analysis
shows that compressit extensional axes are
determined in about E-V nding, respectively.
Based on these anal;sﬁztz' oposed that stress
axis orientation 1in h changed at least
in two episodes® wis determined by
roughly N-S ori

,axis due to rock
joint data analysi onsistent with past
right-lateral .

of Ban Kwang
subsegment, which resultant of N-S
extension. The

rom the first to

about E-W orienta i:#;,.," a. xis referred from
fault and Jjoint . , utcrops. However,
there is no join i ' ' Y8 oreserved in Ban Pa

Daengl outcrop ha
gquestion may be ex
and the stress axls “€rLel
events have generated:/only -sm
of earthquakesw These earthqu
set of joint e Eard rOCK
ground surface i

rock outerop. This
fter the second episode

has changed, faulting
to moderate magnitudes

S gl of stress from
hypocenter. Howfi on srrace outcrops, which
are composed f semi-consolidated “fto consolidated
sediments. Theiyg atrength iqumuch lower than Triassic

rock, th T joint sets
o SEISIS TURNIWY TS
Y
Folding which found fclosed tomthe right @ide of Ban
- AfARR RN 2.
modelﬂt compre: n oukero Figure
5.9). On the other hand, o2 that created faulting in PDR

outcrop is also the maximum force (0l) that created
folding.

Based on this result, two episodes of stress axis
orientation can be summarized as simplified strain
ellipsoid illustrated in Figure 7.2.
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7.2 Simplified strain ellipsoids of two episodes;
before India-Asia collision (A) and after India-Asia
collision (B). Open arrow with ol indicates compression
direction, and open arrow with o3 indicates extension
direction of tectonic forces. The southeastern segment
of the Phrae fault system had a dextral movement before
India-Asia collision and has a sinistral movement since
India-Asia collision.
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7.3 Earthquake Event Recognition

No exposures of neotectonic evidence of
stratigraphic deformation such as faulting, jointing and
folding had been observed along the major fault trace of
the southeastern segment. Nevertheless, these evidences
were investigated in six outcrops of high terraces. The
terraces are overlying along eastern margin of the Phrae
basin, with about 1 km between the terraces and eastern
mountain front. These normal faults are inferred to be
the minor faults, antithetic to the major southeastern
segment fault (see Figure Displacement found on
the minor faults is be ‘mainly created by the
major fault. Theref vent evaluation from
the minor faults mi major fault.

As a resu Ve, derate to large
earthquakes inte normalfault and fracture
evidences from hig 3) . Based on these
evidences and T e events are

eventl, Db
event2, Dbe

For eventl, . outcrop, age of

earthquake event i E- ff_h;;__ een unfaulting and
faulting layers. e : haracterized on two
sides of the outcrop. fhe leffijsiide one yields their age
interval betweg “Fand T 200l _The right side
reveals age igtErval between: ahd 1.100 Ma (see

Figure 7.3C).

According :]to these evidencei] the similar
characteristic was found located in the same outcrop,
thus it s On account
of the a ﬁﬁe@ ﬁrge i‘ ide outcrop

in bet n age interva derlv from e left side
outcrop, therefore, thid event ghould havgy occurred

e WNIFPIRRRVITETRE =

Regardlng to the TL-dating result from Chom Chaengl
outcrop in this recent study, a sedimentary sample
collected from faulting layer yields its TL-age 0.170 Ma.
This result is consistent with TL-dating result carried
out by Won-in (2002). Won-in (2002) revealed three dating
results of sediments from the same outcrop. The first
result is 0.060 Ma, which is the age of the upper layer
compared to this recent study. However, this layer had no
evidence of offset by fault. The second sample collected



153

5

M ©
—
0,
KV,
o
o
ES]
4
)

N

= >

e 5]

©

Yy

3 P

] n
¥

2 A

=3

[e]

18]

o

(A and B).

the study area. The f
during 0.890 Ma and 1.100 Ma, as evidenced at

the right side of the Pa Daengl outcrop (C).
The second event occured during 0.050 Ma,

11
and 0.170 Ma, as evidenced at the Chom Chaengl

outcrop

Event 2

Figure 7.3 . The evidences of two eartquake events

SE

1 outcrop 0.‘170 Ma
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from the lower layer of this study, found the age of
0.280 Ma. Finally, the 1last sample is fracture-filled
sediments yields the TL-age of 0.050 Ma. Additionally,
fracture orientation lies in the same trend of the fault,
then these fractures are inferred to be created by the
same event. Subsequently, fracture-filled sediments 1is
referred to be deposited after faulting. Therefore, this
faulting or earthquake event must be occurred between
ages of faulting layer and fracture-filled sediments,
which is between 0.050 Ma and 0.170 Ma (see Figure 7.3
A&B) .

In Ban Thung Chargo he dating revealed by
this thesis has pr ‘ f faulting event in
this outcrop to occu _ as determined from
age of undefo ime: er that overlain
faulting layers. - TL dating results
of sediments in , aye y Won-in (2003),
ranging from uppe:r 14 . ad. lower layers, they are
0.600 Ma, 0.660 Mz L E pectively. Regarding
to Won-in (2003), ® Jderting "resul are consistent to
one another. f . o ¢ ults are non-
con51stent to th- cof ' study. Since
‘ o k : more orderly
conformable than ti yf éehigldthesd so based on
his results, thi : keldewy ould have occurred
after 0.600 Ma.

7.4 Classification Of‘AEEE?ei‘
PR ST

According
conjugate fau : )
fault system, tiiz -?Efault are obvious
(see Figure 7 raw data €r active fault
cla551f1catlon wer e collected from both faults. As a

result, n historical
surface o y g gﬁ ‘ﬁone moderate
occure

to large ®arthquake within 100,000 vyrs,
according to paleoselsmoldglcal study. Moreovexy subdued,

iiiigwﬂﬁﬁﬂﬁmmﬁmﬂﬂ%ﬂ

chan s were observed along the major fault trace. In
addition, faults offset Pleistocene high terraces were
also found along the minor fault trace. Subsequently,
based on classification of active fault by Charusiri et
al.(2001), the southeastern segment of the Phrae fault
system is classified as a potentially active fault.

In the report of Nutalaya (1986), it suggested that
the Phrae fault =zone 1is probably active but more
evidences on both seismicity and geology 1is required
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before definite conclusion. The Phrae fault zone in this
report is referred to the major fault of the present
study. The recent study has collected both seismic and
geological data, as Nutalaya (1986) recommended, for
active fault classification, and finally concluded that
it is the potentially active fault.

GMT (1995b) mentioned that east-dipping normal
faults, which cut across young basin-fill sediments, are
active. These faults are referred to the minor fault of
this thesis study. Fenton et al. (1997) revealed that the
Phrae basin fault is actié ault. This fault is also
his thesis study. Note
al. (1997) had not

active fault
study has more
for classification.

that both GMT
reported on
classification.
details on both

- Charurisi \announcedr that the Phrae
fault is rank asg@Ctiv ¥ whichhreferred to the whole
Phrae fault systefl. We thisy, thesis study has
classified only Stern) segment which is not
represent the m. Therefore, the
result of this o similar to the
study of charusiTi

7.5 Seismic Hazar
Since 1960s, in several

industrialized count¥¥%§'.. & = seismic hazard
assessments f <) ol ical structures

(e.g., nuclearj powe >lants sy v hospitals, and
schools) .  “ 86 rization, which
comprises leoear’ qua agnitude assignment and

recurrence of large, potentially damaging earthquake of

S AR A T

ults with abundant storlcallglsmlc1ty,

NIRRT T TRIGEL ~e

a, see
Schwartz & Coppersmith,1984), paleoseismic data provided

additional information of large earthquakes. In contrast,
for historical quiescent faults (e.g., the Wassatch fault
zone, Utah, see Schwartz & Coppersmith,1984) paleoseismic
data provide fruitful information of location, size, and
recurrence of large earthquakes which are wuseful for
seismic source characterization. :

In this section, three topics related to seismic
hazard assessments have been discussed. The first topic
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cited on estimation of paleoearthquake magnitude, which
took place by the faults in the study area. The second
topic mentioned about slip rate of the faults. Finally,
earthquake recurrence has been discussed in the last
Etoplcs

As previously mentioned with using both satellite
imageries and seismic profiles, distance between the
minor fault and the major fault (the southeastern
segment) is shortest, as about 0.5-1.0 km, as compared to
other faults in the Phrea basin Additionally, seismic
line no. P94 -240 (see s shows the bottom end

mi the major. This suggests
lieved to be subjected

that the major fau
to the displacemen

Consequent ‘a'Uk‘_-ﬁ?ﬁmiynitude, slip rate,

and earthquake ARG in the following
section of the mi N are also referred

_____

Regarding
in this study,
applied to find
method involves de
related to paleoearf
the maximum displace I
(Bonilla et aii, 19847 'Wéiﬁ%”

A

ment method has been
! aximum displacement
“maximum displacement (MD)
~‘comparing that wvalue to
. in historic earthquakes

Wells Co
palecearthquak -
for all types faults as below;

f uﬁﬁﬂﬂ*‘?wﬂ’m‘i

here
M = momenf ma gnitudés

o adNSaLi AN

Three normal faults from three outcrops were
selected for evaluating paleoeartquake magnitudes in this
area. These three faults have high slip length which are
at least 3.0 m, corresponding to the equation used that
need maximum displacement parameter.

‘,Irhich can be used

The result which is based on maximum displacement
method shows magnitude between M, 6.8 and 6.9 (Table 7.1).
However, Fenton et al. (1997) estimated paleoearthquake
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magnitude using the surface rupture length for the Phrae
basin fault, from the minor fault of this study, with an
almost similar result of M, 7.0. Fenton et al. (1997)
applied surface rupture length method for this task while
this recent study applied maximum displacement method. On
account of no faulting surface rupture evident in the
study area, therefore, Fenton et al. (1997) assumed its
rupture length from the mapped fault trace which may
cause over estimation. Nevertheless, both this study
results and Fenton et al. (1997)’s result are similar
since the results I v;led large paleoearthquake

magnitudes within the

7.5.2 Slip Ra_t‘g_"
—

::::::r
Slip rates the cumulative offset

of dated deposits  (Me€alpi 1996) .

In this
which have hi
slip rate as s
mm/yr of slip

m three outcrops
o calculate their
esult reveals 0.06
nor fault.

enton et al. (1997)
faults in this area.

Up to prest
had provided sli

fault (the minor fault—in this has 0.1 mm/yr of
slip rate = paleoseismic trench
excavations.

v. and Fenton et al.
from age of movement.
Since Fenton et al 1997) used the age Late Plelstocene

=g e TEN SWE ARG ™

7.5. fuRecurrence Esgamatlon

YRR IUNAIINEIAL cvene

took gplace in the study area. Fault in Ban Pa Deangl
outcrop (PDR) is inferred to be displaced in the first
event. Age interval of this event is 0.890 to 1.100 Ma,
with the mean earthquake interval of approximately 1.0
Ma. The second event occurred between 0.054 and 0.170 Ma,
with the mean value of 0.110 Ma. According to both mean
ages of these faulting events, recurrence interval
‘between these two events of the minor fault is about
0.900 Ma. This result is also referred to be the
recurrence interval of the southeastern segment of the
Phrae fault system. '
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In conclusion, based on this thesis result,
recurrence interval of large earthquakes (Mw 6.8-6. 9) is
0.900 Ma. In the other word, smaller magnitude

earthquakes could be occurred in this area more frequent
than the large earthquakes.

Regarding to Fenton et al. (1997), recurrence
estimation of the Phrae basin fault (the minor fault in
this study) is 12-15 ka, using raw data from the Garbage
Landfill outcrop (GL) nearby Ban Pa Deang. This
earthquake recurrence result was estimated by dividing
slip-per-event by Sllp " e slip-per-event is 1.2-
1.5 m and slip rate ) The slip-per-event was
determined from palec - excavations and slip
rate was calculate omorphic feature or
stratigraphic ts relative age.
Consequently, value is at least
+ 50%.

The contr
[1997) 78 recurre
age of faulti
recurrence calcu
recurrence by dig
per-event is 1.2-
addition, the age
was assumed to be L

nd Fenton et al.
efore, emerging from
or formula for
(1997) calculated
slip rate. Slip-
is 0.1 mm/yr. In
dlculating slip rate
.01 Ma).

Noteworthy, sligi_'_ggﬁaj Skip-per-event estimation
comprise somes, un ities* i olds: (1) field
measurement 04:’;:;.;:;;;;;::::::::;:.7:::;2; errors in dating
offset morpholdfy and s ot Mk, ALl of these

reasons have E&éo B eiﬂuncertainties e
recurrence estimation (McCalpin, 1996)% However, in this
thesis, errors ¥f dating are elleved. to provide more

e TN BT
QW'\&Nﬂ‘iﬂJ UA1INYA




	Chapter VII Discussion
	7.1 Neotectonic Features
	7.2 Tectonic Stress Field
	7.3 Earthquake Event Recognition
	7.4 Classification of Active Faults
	7.5 Seismic Hazard Assessments


