CHAPTER 1V
SATELLITE IMAGE AND AERIAL PHOTOGRAPHIC INTERPRETATION

In this chapter, description is divided into three
sections. The first section 1is focussed on geological
lineament interpretation in a regional scale. The area of
interest covers the Phrae and Lampang basins of northern
Thailand. Both Landsat TM5 and JERS SAR imageries are
applied tools for this interpretation. The second section
describes on fault segmentation of the Phrae fault
system, and focus is plac the southeastern segment
of this fault system. tectonic geomorphology
interpretation usin ph is emphasized in
the 1last section. logical map, which
includes fault

; W wVidence of fault
movement, is als thiss ‘ '

4.1 Lineaments

Lineaments ar feature found in

e delineated on

map or on aeria "which be at least a

few kilometers , 1976). Various
lines of disruptiowm), ich - separ reas of different
weathering and ero A ) ®J1 geologic feature,

are also referred
1977). Normally, 1

Leary & Simpson,
been found influence

with straight or u?ﬁijlha— streams and valleys,
topographic iifnmen%"“’bcﬁnff area and
morphology orni-4slope and due to Dboth

lithologic chan&e
often observed
1967) . Moreove

e/ breaklines are
=ity (Strandberg,
ailo referred to
significant llnes of landscape which reveal the hidden
archltectu 1972) In
addition, wrg}w W}:\%}ﬂ{ﬂogpre551on of
faults o zones, together with associated
structures ark et al., @4994). Sagellite remate sensing
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analysfls of structural and geotectonic investigations
related to earthquake studies. Remote sensing data is a
useful tool to understand geological framework of the
region due to inexpensive, time-effective, and relatively
accurate information (Charusiri et al., 1996).

llneamen 5

In an attempt to understand regional characteristic
and pattern of geological lineaments in the study area
and nearby, Landsat TM5 and JERS SAR imageries were
conducted for lineament interpretation approach. Landsat
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TM5 image (taken on 10/Feb/1991) is a false-coloured
composites (band 4, 5, and 7 in red, green, and blue,
respectively) at scale 1:250,000 covering Lampang and
Phrae basins and some part of Nan and Sukhothai basins
(Figure 4.1). In addition, JERS SAR image at scale 1:
500,000 covering the Phrae basin and nearby areas were
applied for analysis as well (Figure 4.2). Identification
of lineaments was performed by visual Jjustification.
Traceable 1lines are layout on hard copy prior to
digitally modified using Map Info program. Additionally,
rose diagram was also conducted to indicate frequency of
lineaments in eight di e '
ENE, and WNW) and thei ,‘.,_\

4.1.1 The Resuhtp‘

Lineament

/’(Nr E, NE, NW, NNE, NNW,

d&s Interpretation

'rﬁldsat TM5 is shown

in Figure 4.3. aments lie in NE
and NNE, and the \ NW, NNW, E, ENE,
and WNW. Lineaslent® with 1 istancelare found aligned
in the NE trend FLE: - =t f‘% are observed in

eferred to Thoen
wan et al., 2000) is
located at the p. This fault with
the NE trend is abs '.\W orthern part of the
Thoen basin and appar-énf.Ly ds to the Phrae basin.
The fault shows horsetfa,;,ﬂ/- _aracterlstlc, which is
normally founldl in strike- lip re Chistie-Blick &
Biddle, 1985) toe otbher Snterested Liweement is a long
lineament, fo 5 odtside the Phrae
basin near RongJK g—di's s ]ﬁxeament also lies
in the NE trend” in the mountalnous area, which seems to
connect between the Phrae basigy in the southwest and the
Nan basin wo long NE-
o 2eeingl 9 Y WA Lo
of the Mae@Moh baSJ.n These llneaments are referred to be
parts of Thoen fau zed as_fault-bounded

oo TR TS @iﬁ&lﬂ’i AV e e

found "lineament in mountainous area. This lineament is
believed to be part of Uttaradit fault zone (Tulyatid &
Charusiri, 1997).

The longes
fault (Fenton, et

As shown as dashed box in Figure 4.3 and based on
Landsat lineament map, three fairy defined lineament sets
are recognized in the study area within the Phrae basin.
Two long and distinct, the northern and southern
branches, lineaments can be traced in the NNE trend along
the mountainous front. These two lineaments are almost
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parallel to each other. The other lineament which is
located between these two lineaments, strikes in the ENE
trend and seems to pass through the Phrae basin.

Lengths of the southern and northern NE-trending
branches are about 13 km and 7 km, respectively. The ENE-
trending lineament is about 5-km-long.

According to structural geometry of these
lineaments, the ENE-trending segment seems to displace
the eastern edge of the Phrae basin. Therefore, it is

apparent that the ENE- o ) lineament cut across the
NNE-trending lineaments & separated lines with
right lateral move = omorphology from both
aerial photogr Nt ion and field

investigation als earance.

4.1.2 The pretation

nsmission method
veral depths of
er day or night
g covers (Slemmons

has an advanta
sedimentary basd
times, and in co
& DePolo, 1986) .

In this stud SU hat lineaments are
found in the enti ) _ ng both basins and
mountainous areas. L all¥ lineaments are fairly
defined and shown in{“fhe mapl@s dash line. Only four
lineaments hawe cl@arly seén, wk creferred to the
Thoen fault m in so
displayed with & . [
in NE- and NNE a n N-, NW-, NNW-,
E-, ENE-, and trendings (Figure 4) . According to
the Phrae basin,‘there are several lineaments that have
been dete ‘ st i i ‘ nd the basin
SR LT JSak 11T e (1T bt

an

the centraku e lower parts of the basin.

e A TR DT SRR Y R B ion,

and s®uthern NNE-trending and the central ENE-trending
lineaments. The alignment and location of these
lineaments resemble those interpreted using- Landsat TM5.
However, in JESR image, the length of the ENE-trending
lineament found longer than those of the Landsat image,
which is traceable further to southern part of the basin.

<
|

In conclusion, results from both remote sensing
information in regional scale reveal the major trend of
geological lineaments in the NE and NNE directions, and
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the minor trend in N, NW, NNW, E, ENE, and WNW
directions. Most lineaments are short with the average
length of about 10 km. However, the longest one is more
than 70 km and located at northeastern part of the Thoen
basin. In the study area, there are three major
lineaments i.e., two NNE-trending lineaments with the
average length of 9 km and the ENE-trending one with the
length of 5 km. The latter seems to displace and separate
the two formers by right lateral movement.

4.2 Fault Segmentation

4.2.1 General

Concept of £
fact that hist!
earthquakes al
throughout the
became ruptures d
For instance,
was divided intaogd":
historical surfad:
trace is composed
Pollard, 1980).
related to the
segments, based a
It is recommended
(Slemmons, 1982) .

delineation of qgﬁﬁﬁﬁg;-f

triggered by
seldom occurred
or two segments
(McCalpin, 1996).
yne of California
on difference of

, The long fault
e segments (Segall &
fault systems is
individual fault
€er and orientation.
Jan rupture as a unit
suggested that the
related with the

identifications of dlscoﬁf 9 es e fault system.
Discontinuityiraca e divided inte—{fio main groups;

geometric and slejul ol _“! s statement has
borrowed from se d these terms for
asperities and “barrier. In addition, I is believed that
fault may be segme nted at a v ety of scale, that isfrom

S WY TR W

All fault segments Have theimaboundary. @he segment

peertlob e SGIOLETd Bl bk o REr At o

1989) ! There are several geomorphic features related to
fault boundary or termination. For example, releasing
bends and steps, restraining bends, branch and cross-
cutting structures, and change in sense of slips, are
commonly observed at segment termination of strike-slip
fault (Knuepfer, 1989). For normal and reverse faults,
geomorphic features defined segment endpoints is not
clear (McCalpin, 1996).
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Since late 1970s, many workers have found that not
all faults have historical rupture records along their
fault zone. Thus numbers of criteria have been conducted
in order to work on fault segmentation approach such as
geometric, stuctural . geophysical, and geological
criteria. McCalpin (1996) had summarized criteria for
fault segmentation into five types (Table 4. 1) . According
to new criteria of fault segmentation have arisen, one
fault has been segmented by various authors in different
criteria. For example, the San Andreas Fault was divided

into segments by at least authors (Table 4.2).
r’% egmentation” was first

In Thailand, th

introduced by Fentor \ and at least two
geologists show$ nces for fault
segmentation, e i and Kosuwan et al.

(1999). Accordin® ot lton | ; 997), two active
faults in nort ' : rande wince of Thailand

are recognized sg@mefAGEAS i ding e Thoen Fault in
Lampang and t 1t in \NanJ, CPiteria used for
segmentation - rphi \ ature, structural
style, and se ; 1y (18 divided the
Three-Pagoda faul@lfij L1la __nto five segments
based on structa geoTogid, .al geometric criteria.

Kosuwan et al. (19 “Ehe “Chan fault zone in

Chiang Rai provi

' based on similar
criteria to those of

Three crieszia aul jitein i”-have been used
in this study y r—=geological, and
geometric appliﬁ@. : oroiifed by McCalpin
(1996) . Lineame 1nterpretatlon using “both Landsat TM5
and JERS imagerhﬁ&lljl the previous section plays an

s R SRS o
ﬂéﬂﬁﬂ SRR

The southwestern segment is located in the northern part
of the Thoen basin traced along NE-trending, with the
approximate length of 70 km. It has been found passing
across the mountainous region between Thoen and Phrae
basins. However, this fault trace becomes more
complicated close to the southern part of the Phrae basin
because it split into small subsegments. Moreover, the
trace has not clear when get closer to that basin. The
western segment has been defined bounded in the western
rim of the Phrae basin in NNE-trend, and approximately 40
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Table 4.2 Fault segment lengths proposed for active faults by various
authors (after McCalpin, 1996).

Number Total Mean Modal Criteria
of fault segment segment used for

Fault name Typeasegmentslength(km)length(km)length(km) recognitionb

1. Wasatch

fault zone® N 10 343 33 35  B,P,S,G,M
2. NE Basin and N 10 - 25 20-25 B,P,S,G,M
Range, >100 km®
3. NE Basin and N 20 - 20 10-20 B,P,S,G,M
Range, <100 km®
4. Idaho® N 20-25 B,P,S,G,M

5. North-central N
Nevana®

10 M

6. San Adreas’ 15-175? B,S,G,M
6. San Adreas’ 3007 B,P,S,M
6. San Adreas" ik M

6. San Adreas’ 12 M

7. San Jacinto’ 10-15 M

8. Elsinore® - M, P

9. Xianshuihe' - M

10. Transverse

Ranges™ _ M

11. Oued Fodda, 11-12 B,P,S;M
Algeria®

bB,behavioral; prpalei
‘Machette et al. (1992a). N [
dCrone and Hallg ir—-v I fﬁ[

e; G,geological; M,geometric.

*Wallace (1989). : =
‘Allen (1968). E m
‘Wallace (1970).

"Wallace (1973). e :
s uﬂawﬂwswa q)
jSanders (

Rockwell (1989) .

2R WAFINIO NN

Klng nd Yielding (1983).
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km-long. However, the fault trace is found bending to N-
trending in the northern part with a few degrees. The
southeastern segment is about 20-km-long and is NNE-
trending in the southeastern portion of the Phrae basin.
This fault segment is regarded as basin-bounded fault.
The northeastern segment is found in the mountainous area
at northeastern part outside the Phrae basin near Rong
Kwang district. This segment 1lies in the NE-trending and
seems to connect between the Phrae basin at the southwest
and the Nan basin at the northeast end.

In order to more detail along the

southeastern segmentu furthel egmentation has been
conducted, based on el e E bt gical, and geometric
information, and 1li nt oth Landsat TM and

JERS images. The , C an be divided into
three subsegment 24 K H_-%Ban Thung Charoen
subsegment, locatee : Gth study area, Ban
Kwang subsegmen and Ban Pa Daeng
subsegment locas F ording to the
lineament interpre data is us section, it is
concluded that | ‘ di to three major
lineaments : section 4.1). By
comparison, Ban t 1is referred to
the southern NNE- subsegment to the
central ENE-trendin Daeng subsegment
resembling the nort ineaments.

“,

Although these t "= L-nts can be delineated
using both _atelllf‘éH ; 4.7), these
subsegments ca by using aerial
photographs. Ches are observed
(Figure 4.8). e —branches lies in
the NNE dlrect and the minor ones the NW and ENE
directions. These fanltc branches ‘are short with the

shortest o out 2.0 km.
There are % @a D‘rﬁﬁj Ban Thung
Charoen su en One hese ault branches can be
traced to an Kwang subsegment aflong BangyPa Deang

RAWT ﬁﬁ'ﬂ?m‘ﬁﬂ‘lﬁ’ﬁ NYTF

Besides, according to structure associated with an
idealized strike-slip fault model constructed by
Christie-Blick and Biddle (1985), these fault branches
should be the component of shear zone, which are
synthetic, secondary synthetic, and antithetic shears
(Figure 4.9). All of these shear zone features are
accommodated in principal displacement zone (PDZ).
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4.3 Tectonic Geomorphology
4.3.1 General

In this section, basic concepts of tectonic
geomorphology of which related to three types of faults,
namely, strike-slip, normal, and reverse, are briefly
explained. The discussion will be followed by methodology
and the result of this thesis study.

According to strike-slip fault zone, a variety of
structure and landforms camilde priginated by simple shear
including fractures, ; faults, trust faults,
and reverse faults ler & Pinter, 1996).
Naturally, within hes zone, different
generation of moti J qus kinds of ‘these
structure which B Ve, o superimposed and
showing array of mp L e Sylvester, 1988).
In many strike-sli : .’f‘\u fault trace can be
observed at o ' c the adjacent
blocks. Therefor- create both
compressive and curve of fault
segments. For , hov Figure 4.11,
releasing bend an€ 01T id ‘camy cause pull-apart
basins and ' : lielated to tension and
compression stresse e CH AV iddle and Christie-
Brick, 1985). In ma = yeh pull-apart basins and
uplift highs may be e : erm of step-over in
which two fault segm up, and both showing

In conclus Tt
geomorphology p_- ~ed wvement. As shown
in Figure 4.12 ese features are linejﬂ valleys, offset
or deflected stre s, shutter ol ges, sag pones, pressure
ridges, and garbens

(Keller, ﬁ:uﬂs& %ces, stream
channels, alluvia fans are yplcal features used to
reconstruct paleoearthquafe offset ghistory (Weldon II et

RRINNTUANINY A

B sides, based on simple shear model illustrating in
Figure 4.10, normal fault trace should be formed
perpendicular to the direction of maximum elongation and
maximum extension stress. Figure 4.13 shows an idealized
cross-section of extension tectonic environments. Master
fault has bounded the main on the right, accompanied by
minor synthetic and antithetic faults. Other structures
commonly found in an extension regime are horsts and
grabens showing on the left. Depending on tectonic
geomorphology on ground surface, typical indicator of
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SYNTHETIC
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.\ SECONDARY
; SYNTHETIC (P)
SHEAR

DETAIL OF PDZ

EXPLANATION

Naormal separation fault

Revores-saparaion B | ‘ PRINCIPAL DISPLACERENT
Fault wth sense of sinke sin % ! '

[ senselsie SN . - RESTRAINING BEND
Eeld y oy

Cuverntyrnad fold

P EE

Areas of subsiighse

sudiment acc

Figure 4.9 5 B associated with an
idealised 4 ; i M0 & Christie-Blick
& Biddle oF T & -

fautt

ﬂuﬂqmamﬁwﬂqni
AIAINIHHRIERYAY

CONTRALT EXTENSIOMAL FEATURE

W

vidds Normad fauits
0 =3 : 2 * W, g o
"l Pusiuns g il Puli-anarts
A% T
€
SnUBszE-upE & Horst and grabens
s

Figure 4.10 Simple shear model associated with
strike-slip fault (a), producing contractional

and extensional features (b) (after Keller &
Pinter, 1996).
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Figure 4.12 Assemblage of landform associated with

active tectonic strike-slip faulting (after
Burbank & Anderson, 2001).
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normal faulting is a fault scarp (Figure 4.14), which can
be developed to form triangular facets when proper
condition such as erosion and repetition of active fault
movement has reached (Figure 4.15). In addition, other
evidences of extension environments consist of linear-
range fronts, escarpments, volcanic (lava flows, cones,
etc), rift wvalleys and axial rifts of oceanic ridge
systems (Keller & Pinter, 1996).

Lastly, tectonic landforms associated to reverse
faulting include belt of active folding and faulting,
steep mountain fronts, ‘ feplt scarps. The elongated
axis of these StE usually found 1lied
perpendicular to maximum compressive
stress axis as . The most common
geomorphic eviden? onism in continent
is fault scarp 27 1996). Based on
historical ' es . Im Armenia (1988)

earthquakes, scarp morphology
have been conduc ) (Figure 4.16).

In Thailang; N FO N f 2 '_ had revealed
several tectonic ) ' | along seven faults
in northern basin Thailand. These

morphologies triangular
facets, offset dra ) : [ points, wine-glass
canyons, and scarps WQ#:ig_ ) nentioned that fault

scarps, triangula
shutter ridges, w pressure ridges, fault
trace cutting ““development, parallel
ridges, and i are observed
along the ThreeT! C ZODCmat _ et al. (1999)
stated that seve#a 5y -such as offset
streams, sag o) '1dges, benches (river
terraces) alluviums/colluviums, have been

o aﬁﬂ ﬁgﬁ WS %WEINS

4.3.2 esults of Tectonic Geomﬁgphologlca%Lftudy

bl b kb b Vi cdebrld Edechilobdrogs can

result® are mainly conducted using aerial photographic

stream channels,

interpretation. Tectonic geomorphological map was
compiled in order to characterize general tectonic
features (Figure 4.17). Three types of evidences related

to fault movement have been found. There are clearly
defined offset stream channels, triangular facets, and a
shutter ridge (Figure 4.18). Firstly, two offset stream
channels were observed in the southernmost part of the
Ban Thung Charoen subsegment close to a mountain front.
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Figure 4.15 Develo rangular facets produced by

episodic vert: f ement. I: Undissected
fault sce faceéted spurs by stream
cuttin ————————— period of tectonic
quiescénice and -development of
narrow ediment wed iafult movement. V:
dissecti®h of the new fault scarp by major streams and
streams dgv oped on ther faces of the facet spurs

od of tectonic

Eﬁﬁﬁ%ﬁﬂﬁﬂﬁﬁﬂm (4 danother narron
ent within the footwall block at the base of the
range front. VIIf renewedgs, fault movement. VIII:

RS LA Loke v s aperd s

of the range front. Remnants of narrow pediments
(benches) are preserved at the apices of each set
of faceted spurs. Progressive slope retreat is
accompanied by a decrease in the slope angle of the
faceted spurs (after Fenton et al., 1997).
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Figure 4.16 Types of i .‘ A) Simple reverse
(or trust) arp c : 7ing . collapse scarp. (C)
Simple pressurg ( extral pressure ridge. (E)
Back-trust pr€ss ) ridge. (G) En-
echelon pressuxz -y ocC| / soft Quaternary
sediments; 3,4%tu

reams flow from the

basin in the west
(Figure 4.19). HowfVeF, . in .ise ocation the stream
changed their flow difeectiom—dlue to faulting. These
offset streams indicaﬁg{@ﬁﬁ : iteral movement with  an
average of offﬁ}F,lﬁngth of %;ong the fault.
Secondly, twopr=Sete ot —tioaarl e have been
observed in thedcentral p:q The first
set with an ave javerage height of
40 m, is locate Ban Thung Chareon
subsegment, and ig gcomposed ofis two west-dipping facets

set with e age ¥ L=km | d@ the average
m .

height of

m, 1is observed along the ENE-trending Ban
Kwang subsegment,  di vi a . The
R
these fault 'subs nts ‘s xXperiefice normal

movemerit. A shutter ridge, which is about 0.5 km-long and
25 m-high, is found lying along Ban Kwang subsegment in
front of the second set of triangular facets. This ridge
blocks a stream channel that flows straight forwards from
mountainous area. Subsequently, the stream has changed
its flow direction to sinistral. According to this
tectonic evidence, Ban Kwang subsegment should be
displaced with left-lateral movement in the past.

Generally, injfth cea JEhe s
mountainous area 4n fthe.east e t
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In summary, based on aerial photograph
interpretation, tectonic geomorphological evidence found
in Ban Thung Charoen and Ban Kwang subsegments, should be
indicated as normal-sinistral displacement. Besides, in
Ban Pa Daeng subsegment, there was no evidence of
tectonic geomorphology observed using aerial photograph.

AULINENTNEINS
ARIAN TN TN




	Chapter IV Satellite Image and Aerial Photographic Interpretation
	4.1 Lineaments
	4.2 Fault Segmentation
	4.3 Tectonic Geomorphology


