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CHAPTER 1. INTRODUCTION 

According to Dr. D av id Varnes ，“landslide ”is de fi ned as a downs lope movement of a 

mass of rock , debris , or em1h down a slope , under the influ ence of gravity (Varnes, 1978). 

Lands li des are recogn ized as impo11ant “natural haz 創・ds " in many are as througho ut the world 

(Croz ier and Glade , 2005) , probably res ults in tho usands of deaths and tens of billi ons of 

dollars of damage each yeai-.. 

Assessing landslide dsk ，也e probability of landsl ide occ un・ence ,is extr 百 nely impo11ant 

and usefu l for local residents and for decis ion makers responsib le for ・land plann ing projects. 

They can understand the threats to human life and prepare necessa1y meas ur es for emergencies . 

1.1. Importance of the problem and research objectives 

In tropical humid regions such as V ietn am , landslides m・e hazardo us phenomena that 

occ ur fre quently , destroying human life, damaging strnctures and infrastrncture, and adverse ly 

aff ecting living conditions. Particu lm・ Iy in recent years , economic development and conseq uent 

rapid exp ansion of new sett lem ent areas has occ un・ed ,along with expans ion of infrastrncn ir e 

such as roads , br idges, and ra ih'oads into hazm・dous m・eas. Recogn izing ex isting lands li de m・eas 

and assess ing landslide risks poses a difficu lt cha ll enge for all V ietnamese scientists and civil 

m anagers . 

A ltho ugh lands li des and re lated disasters occur freq uen tl y in Vietn am, few studies have 

been conducted to elu cidate them. Most speci fi cally exa mi ne mapping of landslide 

suscept ibility . No studies devote attention to landfo1ms fo1med by lands li des , or to risk 

eval uation (probability of lands li de occunence ). 

Japan has a longer than 60 ・year histo1y of lands li des. Lands li de mapping exper nce 

has therefore accumu lated to a great degree. For aeria l photograph in terpretat ion , Japan has 

m any sources of data such as co lor photographs at many sca les and ta ken in several periods of 

years （白ve years or ten years) . Therefore , features of lands li de morpho logica l fo1ms are clearly 

identi fi ab le. Jap an also has published landslide invento1y maps for all m・eas of the count1y 

based on aeda l photograph interpretation . In Vietnam , access ing these data sources is 

extreme ly di ffi cult. Sometimes it is imposs ible to use them for scienti fi c work . At the time of 

th is s加dy, on ly aeda l photographs of the 1990s were availab le. B ased on the collected data , it 

wou ld be beneficial to produce a lands li de invento1y map of the study area and to clari fy the 

limitations and comp leteness when prod ucing lands li de invento1y maps for Vietnam. 

Lands li de m aps can be deve loped to identi 方lands li de topograph ic areas w ith di 旺er ing

past conditions. Such m aps m・e use 釦lto asce11a in the probab ili ty of lands li de recunence in 

each lands li de topograph ic area . Such m aps m・e the first ste p in ensur ing that the landsl ide risk 

does not exceed an acceptab le leve l in planning future land use. Interpretation of 釦nir e

landslide recun ・ence re quires an understand ing of the processes controlling lands li des. That 

process su ppo11s risk eval uation. Th e Ja pan Lands li de Society has developed an inspect ion 

sheet for dsk evaluation in the Toho ku area . It incorporates geo m orphic factors with in and 

beyond landslides . This sheet does not mention geo logica l and weathering features . H umid 



tropic al countries such as V ietnam have a richly diverse geologic comp os ition. Geology and 

weather g mu st play 町iportant roles in landslide occunence and ri sk eval uation. That 

in spection sheet must be modified to include per spective s of geologica l and weathering 

feature s. 

Amb itions of thi s wo rk include con trib utions to reduc e landslide damage to 

communities and to provide scient ific approaches for landslide invento1y and for risk 

assessment in humid tropical regi ons. 

1.2 . Outline of the work 

The the sis is presented in six chapter s: 

- Chapter 1 introduce s the impo11ance of the sn 1dy , amb itions of the re search , and an 

outline of the thesis . 

- Chapter 2 spec ifica ll y exam ines the study background. Thi s chapter pre sent s the 

CUlT ・ent situat ion of land slide disasters and potential disa ster s in Vie 阻am, AHP methodology , 

as we ll as landslide mapping and hi sto1y. 

- Chapter 3 is a general de scription of the study area s and the reason s也ey were cho se n 

this for study . This chapte r de scribes the study area s (Japan and V ietnam ) and provide s general 

infonnation rel ated to the type and abundance of land sli de s and on the local setting , incl uding 

geography, morphology , litho logy, strncm re , climate , and other phy siographic characteri stics . 

- Chapter 4 pre sent s landslide mapping and discusses feature s used for land slide 

identification . Two location s of smdy areas (Japan and Vietnam) were chosen for land slide 

re cognition through aerial photograph interpretation. At the sn1dy area in Japan (Fukayama 

pa snireland ), co lor aerial photograph s taken in 1976 at 11 15,000 sc ale were use d for 

interpretation. Many characteri stics pre sumed to have been fo1med by landslide s were 

observed around the stu dy area. Field survey s were cond ucted to elucidate the mechanisms 

fo1ming these topographic feature s. At the study area in V ietnam (area between Prao and 

Kham Duc in centra l prov ince s of Vietnam) , topographic feature s such as main sca rp , lateral 

scarp , and landslide body are di sc usse d for recognit ion and cla ss ification. Monochromatic 

aerial photograph s from 1999 were used for interpr 国 ation and for development of a landsl ide 

invento1y map for ・the study area . Fmthe1more , thi s pre sentation descri be s the completenes s of 

the landslide invento1y maps and factor s affecting the quali ty of landslide inventor ies between 

Japan and Vietnam . 

- Chapter 5 emphasizes a di sc uss ion of ri sk evaluation and the application of Japan ’s 

in spection sheet to humid tropical region s such as V ietnam . Fieldwork was conducted to prove 

the rel ation between geologic cond ition s and landslide occu n・en ces in the sn 1dy area an d to 

ded uce re gional characteristic s of land slide in Vietnam . Ba sed on fieldwork re su lts geology 

sho uld be de sc ribed in an inspect ion sheet in add ition to morphological features. This chapter 

propo ses an initial new inspection sheet for app li cat ion to Vietnam . 

- Chapter 6 pre sents related discu ss ion s and concl usion s. Thi s chapte r presents 

concl usions , with propo sals and gene r叫 re commendat ion s for using landslide invento1y map s 

and land sli de ri sk evaluat ion using the new inspection sheet. 
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1.3. Personal contributions and positioning of published papers 

This the sis pre se nts re sult s of Jap an's ex per ntial s加 dy and their application to 

Vie 阻am .The following li st pre sent s the ma in contr ibuti ons to land slide studie s in Vietnam: 

- A large ・scale landslide invento1y map for ・area be tween Prao and Kham D ue in central 

provinces in Vi etn am was produced , extend ing to I 000 km 2 for an area wi th approximately 

20 ,00 0 re sidents . At each land sli de , 13 character istics we re recorded and li sted in an 

accompanying databa se tab le. 

- Ex periment s assessing the applicat ion of Japan ’s inspection she et for risk evaluat ion 

were con du cte d in 36 case studies in the study area. 

- Fieldwork was conducted to demon strate the infl uence of geolog ic conditions on 

land slide occu 江ences (typ e and patterns ) in the study area. 

- An initia l inspection sheet for ri sk evaluation was propo sed using the AHP approach 

in the case of hum id tropical reg ion s such as Vietnam. The sheet will combine morphology and 

geology . 

Most wo rk related to thi s the sis is discussed. In all , six papers have been publ ished , 

with one po ster pre sentation and accompaniment with many other paper s 宜om international 

journa ls, proceed ing 丸 and conferences . Tho se paper s are the main contents of the study . 

Chapter 2 mainly present s refer 百 ice d data and field photographs and our related 江CA

pr 吋ect. Only a pa1t of chapter 2.2 used repo1t s No . 3 and No. 4. Chapter 3 is based ma inly on 

data from papers No . 1, No. 2, No. 4, and No . 5. Additionally nationwide background data are 

referenced. Chapter 4 is based mainly on re sults reported in paper s No. 1, No. 2, No. 5, and No. 

6. Chapter 5 is based mainly on papers No. 2 and No . 6. A dd itionally , all used da ta and 

paragraph s include names and publ ished age. 

1. L e Hon g Luon g, M iyag i Toyohiko , Shinro A be , Hama sa ki Eisa ku, Dinh Van Tien , 

(20 14 ). Detect ion of act ive landslide zone 宜om aeria l photograph interpretat ion and field 

survey in central province s of Vietnam .“The In ternational Programme on La ndslides ρ'PL ), 

Landslide Science for a Safer Geoe nvironment ”， V olu me 1, pp. 435 ・441 ,Doi 10.1007 /978 ・3・

319-04999-1 -61. 

2. L e Hon g Lu ong, M iyag i Toyoh iko , Shinro A be , Hamasaki Eisaku , D inh Van Tien 

(2014) . Land slide mapp ing and detect ion of active landslide area from aer ial photograph 

interpretation and field survey in centr ョl prov ince s of Vietnam .“La ndslide Risk Assessment 

Tech nology ・Proceed ings of the SATREPS Workshop on Land slides", pp. 42 ・49 .

3. L e Hon g Luon g (2015) . Overview of character ist ics of landsli de No .1 8 in Ho Chi 

M i凶 Road , Vietnam. “Human inf ormat ion magazine No.20, Grad uαte School of H uman 

informatics, To hok u Gakui n University" , pp . 59 ・63.

4. Le H ong Luon g, M iyag i Toyohiko , Shinro Abe, Hama sa ki Eisaku and Pham Van 

Tien (20 15 ). Land slide risk eval uation by comb ination of morphology , geology and sim ulat ion 

approach in tropical humid re gion .“Proceedi ngs of Internati onαl Confere nce on Landslides 

and Slope Stabili ぴ2015 ”，pp .244-250 . 
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5. L e Hon g Lu ong, M iyag i Toyohiko (201 5) . Hidden landsl ide: as the Ca ldera rim 

defonnation at Fukayamadake plateau , at the foot slope of Kmikoma volcano, Kurihara , Japan . 

“Proceedings of Intern αtion αl Co11 舟rence on Landslides and Slope Stability 2015 ぺpp. 216 ・

220. 

6. L e Hon g Lu ong, Miyagi Toyoh iko , Pham Van Tien (201 6) . Mapping of large scale 

landslide topograph ic area by ae rial photograph interpretation and poss ibilit ies for application 

to iisk assessment for the Ho Chi M inh route - Vietnam . “Transactions , Japanese 

Geomorphological Union ヘpp .97 ・118 .

7. L e H ong Lu ong, M iyag i Toyohiko (9 /20 14). Landslide mapp ing and Iisk eval uat ion 

by aerial photograph interpretation and field survey in cent ral prov inces of Vietnam ・Poster

presentation. “The Inaugural Conference of IGU Commission on "Geom01 戸wlogy & Socie り〆＼

8. Ngo Doan Dung , Hamasa ki Eisaku , Tatsuya Shibasaki , Miyagi Toyohiko, Hiromu 

Daimam , Dinh Van Tien , L e Hon g Lu ong (2014 ). Change the safety factors by th e series of 

land defo1mation at a typical lands li de along the National Road No.6 , Vie 阻am .“Landslide

Risk Assessment Technology ・Proceedings of the SATREPS Workshop on Lα ndslides ぺpp .

119-122. 

9. Mi yagi Toyohiko, Hamasaki Eisaku , Dinh Van Tien , Le Hon g Lu ong, Ngo Doan 

D ung (20 14 ). Landsl ide mapping and the Iisk evaluation by aer ial photo interpretation in 

Vie 阻am .“Landslide Risk Assessment Technology -Proceedings of the SATREPS Workshop on 

Landslides ”， pp. 87 ・95.

10 . Tien Pham, Tam Doan, Luon g Le (2014 ). Overview of Lands li de Phenomena 

along Alterial Transpo1t System in V ietnam. “Lα ndslide Risk Assessment Technology ・

Proceedings of the SATREPS Workshop on Landslides ぺpp. 57 -61. 

11. P.V. Tien, K. Sassa , K. Takara , H.T. Binh , L .H . Lu ong (20 15) . Character ist ics and 

failure mechan ism of landslides in weathered granit ic roc ks in Hai Van mountain. 

“Proceedings on International conference on landslides and slope stability 2015 ”， pp. 165 ・172 .
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CHAPTER 2. BACKGROUND OF THE STUDY 

2.1 . Current situation of landslide disasters and potential di saster s in Vietnam 

Vietnam , a hum id tropical count1y w ith 3/4 of it s tenito1y as mountainous area , has a 

richly diver se geologic composition. Lands li de s occur freq uently , severe ly affecting living 

conditions, result ing in loss of human life and damage to infrastmcnire. Most landslides in 

Vie 阻am occur in mountainous areas during 血e rainy season (Doan , 2008). According to a 

land slide susceptibility map (Ngo , 2016) , three regions have high risk oflandslide occmTence : 

the Hoang Lien Son , Fansipan , Hoang Su Phi mountain ranges in no11hwestem Vietnam; the 

Trnong Son mo untain range in central province s, wh ich include s provinces from Thanh Hoa to 

Kom Tum ; and the n01them pa1t of the central highland s from Kom Tum to Dak Nong 

province , including Ngoc Linh and Di Linh mountain s. Dur g the 白rst sta 喜e (2 012 一2014) of 

state -funded projects (Investigation , assess ment and warning zonation for lands li des in the 

mo untainous regions of Vietnam , 20 15), 10,266 land slide locations in eight northern provinces 

and two central prov inces of Vietnam were reco 伊 ized and classified based on the landsl ide 

vo lume (Table 2.1 ). Most landsl ides are small -to ・medium size (occupy 81%); 2.8% landslide 

locations are ve1y large to huge. 

Tα ble 2.1 Numbers of landslide Zoe αtions in some provinces in Vietn αm （＆αte -funded project -
In vestig .αtion , assessment αnd wα rning zon αtionfor landslides in the mount. αinous regions of 

Total Size of landslide location 
Province number Med iu m Big Verγbig Verγhuge No Small name of (200 - 1,000 (1. 000 ー (100.000 ー （と1,000 ,000

locations 
（く200 11 ジ）

m1) 100 ,000 11 内 1,000,000 m1) m1 ) 

Bac Kan 700 285 28 1 123 9 2 

2 Ha Giang 967 522 288 145 4 8 

3 Yen Bai 2326 1165 580 385 187 9 

4 Lao Cai 534 316 162 53 3 

5 Son La 1694 795 622 266 11 

6 Lai Chau 970 337 325 280 18 10 

7 D ien Bien 673 335 18 1 139 12 6 

8 Tuyen Quang 248 144 91 11 

9 Thanh Hoa 864 620 178 65 

10 NgheAn 1290 671 420 187 6 6 

ヱ 10266 5190 3128 1654 251 41 

This section br iefly introduces cunent landslides at some locat ions in Vietnam. 
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2.2. Landslide disasters in Vietnam 

land slide at Coe Pai town , Xin M an district Ha Gian g prov ince 

Coe Pai town is located in Xin Man district, Ha Giang provinces , in northern V ietnam. 

Its geology , wh ich compr ises schist and quartz schist, sericite sch ist and graphite gneiss of Ha 

Giang fo1mation , exhibits a layered strncture. The ai・ea is affected by strong weathering 

processes with depth of the weather g crnst layer changing from 15 m to 35 m. A high 

weather g crnst is about 10 一25 m (Tran , 2009). A field survey conducte d in 2009 re veale d 46 

landslide locations in 也is ai・ea. Most landslides occur at the high weather ing crnst an d ai・e 

classified as rotational slide s. Figu re 2.1 shows some images of landslide in this area . The most 

dangerous landslide (500 m long, 300 m wide) is in a downtown area, wh ich has high 

population density. The town hall , monument , and numerous constructions are in the middle of 

this landslide body (F igure 2.2). Monitor ing data showed that it moved 1.0 m dmin g 2005 -

20 10 (Tran , 2009). 

Figure 2.1 Some images of landslide at the Coe Pαi to w n (Tran, 200 の：
a: rotational slide next to the road ; b, slope 《ilure by slope αttting 印4! 0 houses were 

demolished); c, d, e: landslide damage to re 加iningw αll; and f debris flow caused by weak 
and we αthered materials 
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Figu.re 2.2 Lαndslide dα m αrge in Coe Pai do w ntown (Tran, 2009): 
α：landslide -dam αrged monument; b: bound ，αry of landslide cuts throughout the ro αd; c: house 

fence tilting because of landslide ; and d: landslide movement of steps 

Landslide along National road No . 37 

National Road No. 37 passes thro ugh five prov inces, start ing from Sao Do (Hai D uong 

province) to Co No i Tサunction (Son La province). Along 出is road, slope failures and 

landslides occur frequently. The largest is located on Km 447+500 with 650 m wide and 950 m 

long (Figure 2.3). It 血・st occmrnd during 出e rainy season 9/2008 and fonned 10 m high main 

scarp . Subsequently, some minor slide appeared . We observed five scarps in th is landslide and 

the road was depressed 0.2-0.5 m and moved 0.3-0.5 m to a river , but it still moves now 

desp ite the estab li shment of counte1measures. 

Figure 2.3 Landslide at Km 447 +900 , Nation αl Road No. 37 (taken by Vinh , 200 勾J

a: overvie w of landslide; b: sedimenta; アrock bedding was bent because of intruded basalt ; c: 
bedding plane parallel to slope; d: conglomerate 
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Landslide along National Road No . 6 

On National Road No . 6, lands li des occur frequently every year dming the rainy season . 

Most have occ un・ed at section between Hoa Binh and Son La city, destroying houses and 

strnc 加res ,blocking roads , and causing many deaths . Duri 

500 mm of rain fell in 20 hr, inducing 20 landslides along the road , destroying many kilometers 

of roads , and killing two peop le, later blocking the road for 7 days . The government paid 200 

billion VND for cleaning and counte1measures. However , landslides continued in 20 12, when 

30,000 m3 of mass collapsed on K m  138+750 , producing traffic congestion for several days 

(Figure 2.4). Figure 2.5 depicts another example of a landslide along national Road No. 6. 

Figure 2.4 Landslide at Km 138+750 向，Pham ,2014; b, photograph by Le ): 
αJ this picture was taken at the time the landslide occurred , 30, 000 m3 debris fell after a period 

of heav y precipitation and caused traffic congestion in 7 da ys’・and b: was taken h.v o w eeks 
αrfter landslide occurrence 

Figure 2.5 Some pictures of landslide αlong National Road No . 6 (photograph by Le): 
(a: landslide at Km 141+200; b: rockfall and topple at Km 128 + 700; c: rotational slide at Km 

111+85 の
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Landslide along National road No. 7 

Along National Road No. 7, geologic strncn ire s are generally composed of sandstone , 

gr itstone , sha le , and sch ist of Song Ca fonnation be longing to the Silmian. It shows high 

folding st rn ctmes . The area is ve1y clo se to a large and dee p- seated fa ult. Rock strength is 

rathe r high. Landslides do not often occur in ha1 ・d rock areas, but they are abundant in this area . 

Most are concentrated along a deep -sea te d fault. We assume that the fault and folding are main 

factors promoting landslides in this area shown in Figure 2.6. Accord in g to a landsl ide 

invento1y map along this road from M uong Xen (West) to Son Ha (Ea st) (Dung , 20 16) , we can 

readil y recognize most landslides occuning at the western area of the road ; the eastern area has 

far fewer landslides. Fi gure 2.7 portrays some picnire s of these landslides. 

Figure 2.6 Typical eχ ：ample of landslide rel αted to geology (Silurian ) in National Road No . 7 
(Le et al ., 2015b): 

α：road cut e叩 osuresfold αnd fault; b, c, d: road cut eχ poses folding struc 加n .These fold , 
fα ult, and folding struc 卸res are mα infi αct ors cα using landslides in this αre α；e: landscape αt 

Niα tional Ro αd No . 7, this river is αfα ult . 
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Figure 2. 7 Images of landslides αlong National Road No. 7 (ph otograp h by Le ): 
αJ re 的ining wall damaged by landslide; b: ro αd wa s upl 折ed; c: ditch was bent; and d: 

landslide damage to a road and ret ，αining wαll 

Landslide along Ho Chi Minh route 

Ho Chi Minh route is an impo1tant road in Vietnam rnnning north -so uth with total 

length of 3,167 km slated for completion in 2020 . After traffic operation , since 2004 , many 

slope failure s and land slide s have occun ・ed.

According to the Ho Chi Minh project management unit report (2 010 ), 1600 land slides 

and slope failure s have occun ・ed ,account ing for a total length of 146 km out of the cmTent 

2499 ・km -long Ho Ch i Minh Road. The se are concentr ヨted mo stly along the 1200 km from 

Q uang Binh to Dak Lak prov ince ( centr 叫 prov ince s of Vietnam) , wh ich can be divided into 

nine sections : Da Deo - Tay Gat se ction ; U Bo Pa ss; Kh u Dang Pa ss; Cong Troi Pa ss, Sa M ui 

Pa ss; Dak Rong - Ta Rut section ; Hai Ham Pa ss; Song Bung Pa ss; and the Kham Duc - Lo Xo 

section. Many land slides re sult from the reactivity of aged land slide s after slo pes were cut for 

road con strnct ion. Most occ ur during the rainy sea so n. Figure 2.8 and Figure 2.9 di splays 

句rpica lland slide s in thi s area. 
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F igu.re 2.8 Some ぴpica/ landslide in Ho Chi Minh Ro αd (J)(a and b taken by Ngo ; c: 
photograph by Lり：

a: rotational slide; b: debris flow damaged a middle segment of retaining wall; c: old landslide 
next to Thanh AのノBridge ,with an extremely clear scarp and body 

Figure 2.9 Typical landslides in Ho Chi Minh route (2 ）ρoan,200 砂
a, b: debris slide at Km 339; c: rotational slide at Da Deo Pa ss; and d: rotational at 

Km516+ 71 3 damage ditch αt upper slope . These landslides reactivated after a period of heavy 
precipi 仰がon
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These land slide s can be cl assifiab le into seven categories: rock fa ll , rotational slide , 

tran slat ional slide , debris sli de , debri s flows , ea1th fl ow s, and wedge type. Field survey s show 

that the se land slides are related closely to geology and weathering. For examp le, landslide s in 

Song Bung Pa ss are fo1med in well bedded sedimenta1y rocks such as cue sta landfonns . 

Len ses of a weak layer (coa l layer and mudstone ) are observed in this area (Le , 20 15a ). Mo st 

land slide s occur along a bedding plane and weak layer as U羽 islation slide s Figure 2.10. 

Figure 2 .10 Typic αl geology structure of Song B ung Pas s (Le et al ., 2015a and 2015d): 
a: well bedded la yer structures; b: some weak la yer betl veen sedimentary rocks; and c: lenses 

of coal la yer, it is also a sl 伊S W ；昨lCe .

Another example of wedge type occur s in metamorphic roc ks (Hai Ham Pa ss area). 

Cracks and fractures are well developed with many dips and stri kes in th is roc k. These allow 

water to penetrate , enhance weather ing , and wea ken a potential sliding layer. Wedge type 

failures occur often along fracture plane s. 

Figure 2.11 Wedge type in Ho Chi Minh route (NJ 6°04 ’50.4 ’： El07 °29'17 .2’？ (photograph by 
Ngo) 
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Landslide in Hai Van 

The Hai Van mountaino us area, located n01th of Da Nang city , is character 包ed by 

granite complising biotite granite and two-mica granite. Granitic rocks are known to be very 

hard . They are not sensit ive to landslide occ unence. Nevertheless , landslides in this area are 

abundant. We assume that weathered gran itic matelial contributes to this landslide. Field 

surveys show 白紙 the granite has undergone intensive trop ical weathering, creating weather 

profiles of various character istics and thicknesses. Most landslides are associated with such 

weathered material. It is porous , fliable, and inherits relict planes of weakness from the parent 

rock. Intens ive and heavy ra in sanirated so il s form slides . The porous , friable and weathered 

mater ial enters the stream, fonning a debr is flow. These lands li des directly threaten the 

operation of nationa l roads and nationa l ra il ways. For examp le, 11 landslides occun ・ed in 

November 1999, caus ing extensive damage to National Road No. 1. Trnck and bus traffic was 

blocked for ・several weeks , ca using severe economic losses. In October 2007, a railroad track 

(Figure 2.12 ・a) was severe ly damaged and blocked for one week by landslides. The budget for 

countermeasures and the damage repair reached 100 billion VND. 

a 

Figure 2.12 Some landslide at H. αi Van 向，photograph by Dinh; b, Tien et αl., 2015; c, 
photograph by Lり：

a: overvie w landscape of old landslide at Hai Van railwa y station; b: rotational slide; c: 
landslide damaged retaining w all 

13 



Leger 岬

Figu.re 2.13 Aeri αl photograph and landslide in vento η map at Ha Van Station area 
作・stablished by M;yagi, 2014): 

a and b: stere o pa ir aerial photograp h shows Ha i Van Stati on area; c: landslide invent oη map 
at Hai Van Station 

2.3. Some causes of land slides in Vietnam 

Land slide mechan ism s occur in tenn s of the relation between shear strength or 

re sistance to sliding along surface of fa ilure and the down slope gravity or shear force . Th is 

ratio defines as“Factor of Safety. ”As long as the shear strength doe s not exceeds the pull of 

grav ity, the Factor of Safety is greater than 1. The block of material will remain in place. 

Lands li de s res ult from changes in the “Factor of Safety ”of a block of overburden neru ・a failure . 

Many factor s ind uce land slide s, such as geologica l strnc 加工es ,downs lope dip of fracture and 

bedding , slope geomet1y , undercutting and surcharg ing slope , weathering , pore water pre ss ure , 

and vegetat ion removal... For V ietnam , the ma in rea sons are the following. 

Human activities 

Human activitie s include underc utting of slope s for con struct ion of house s, roads , and 

other strncnires and infi :astrnctur ・e. Such activities remove the lateral suppo1t of the slope , 

increa sing the shear force , thereby leading to slope failure. Deforestation is regru ・ded as a main 

preparatory factor for landslides in V ietnam . Many stud ies show that defore station decrea ses 

the safety factor in the rainy season. At such times , water penetrate s and saturates the soil , 

increa ses pore water pre ss ure , and promote s the slide . The absence of land slide s under high 

forest cover on slope s with similar topographic and soil prope1ties compared with other slopes 

in V ietnam prove s this per spective. 

Rainfall 

Dming inten se rain showers, it is appru・ent that roads , small footpath s, plot bo undru 官s

and nmoff ditche s concentrate large volumes of rnnoff water and direct this to re stricted 

infiltration zone s (hollows) . When sloped areas become sa nirated completely by hea 可f ra infall 

land slide s can occur man y times. W itho ut the aid of mechanical root suppo1t, the soil simp ly 

rnn s off when it contain s too much water. 

The di sc harge rate of water from un stab le overburden is probably the most important 

hydrologic factor affect ing slope movement. A perched groundwater tab le will fo1m with in the 

overburden if 也e subsmface flow rate is le ss than the infiltrating rates （企om rainfall) for ・
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extended period s of time. The height and persi stence of the perched water tab le above an 

impenneab le layer depends largely on the ra infall intens ity, duration , and antecedent 

conditions of water infiltration rate at the site , in add ition to the slope grad ient , subsurface 

configuration of the bedrock , and the flow rate within the overburden. The infiltration rate 

often does not limit the recharge of unstab le slopes : the infiltration rate is more than ab le to 

absorb inc ident rainfall. Therefore ，出e subsurface flow rate become s the controlling hydrologi c 

variable dur g most ra infall periods. 

Geology and wea therin g 

In hum id tropical countries such as V ietnam , geology and weathe1ing are extreme ly 

important factor s causing land slide s. Such factors are 也e 旬pe of rock (soft rock such as 

m udstone or hard rock such as lime stone ), jointing , faults , fracture s, and orientation of bedd ing 

plane s，也e rock la yer arrnngement, and weathering proce sses. 

U nder tropical climatic cond itions , many materials are susceptible to rapid weathering , 

such as medium to fine g加ned se dimentaiγrocks (silt stone , mudstone s, claystone , poorly 

indurated shale , sandstone) . Such material s develop a high degree of cohe sion and mobility . 

They are prone to slope movement s of the creep , slump , and eaithflow 守pes. Slopes underlain 

by more resi st ant coar se-gr・ 加ned intrn sive (gi・a nites and diorites ) typically have hard and dense 

sed imentary and metamorphic rock s (ma ssiv e shale , sandstone and conglomerate , gi・eenstone 

and lime stone /mai ・ble ), and a shallow overburden derived from these rock types are usually 

coarse gi・ained and low in clay- sized paiticle s. Such material s have low cohesion. They are 

most likely to develop slope movements of the debr is avalanche and debr is flow types. 

High ly jointed or fractured bedrock slopes with p1incipal joints and 白・acture surfaces 

pai ・ 

They create ave nue s for concentr 乱ted subsurface water movement. Jo inting , which al so 

provide s avenues for deep penetration of surface and gi・oundwater , re sult s in the development 

of spring s at remote site s on the slope. Exce ss hydro sta tic pressure s occur locally beca use of 

confining rock and overburden la ye rs. At near- surface locat ion s, joint and fracture planes are 

ready-made zone s of weakness that prov ide potent ial failure surface s along which overly ing 

mater ials can slide. Down slope dipping surfaces constitute potentia l surface s of failure. 

Conversely , ho1izontal bedding surface s and tho se dipping into the slope might actually 

increa se slope stability locally. Ho w ever , if fracture s are highly developed , rock fall or 

rotational slide will occur along the se fracture s. 

In many places on steep slopes , metamorphic rock s fractured by fa ulting and fo lding 

are prone to fa il as fall s, topples, and translational slide s. Such land sli de s are common along 

the Ho Ch i Minh Road. Fmthe1more , along National Road No. 7, most land slide s occur along 

deep seated fau lts. Fa ult s and folding ai ・e the main factor s contr ひ!ling landslides in this area . As 

another example in Kham Duc area , slopes are underlain by weathered granite, which weathers 

into marble-sized gi・ains of quaitz and feld spai・ called gi1 1ss . When sa nirated by heavy 

precipitation in prolonged winter ra ins, gi1 1ss ・covered slopes are prone to fail as debr is flows or 

debris slide s. Removal of vegetation by human activity exacerbate s thi s situation. 
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2.4. Risk evaluation and AHP approach 

On previou s page s, we br 吟fly introduced landslides in Vietnam. In Vietnam , we only 

know of land slides afte r they occur . Countermea sures must be quite simple beca use of lack of 

fund s. They include retaining walls, surface water drainage wo rks, and earth removal works . 

The se countenneasures require large budgets , although the government cannot supply them 

sufficient ly becau se disaste rs increase year・ by year . Therefore , risk evaluation is extr 百 nely

important. We mu st ascerta in the probab ility of landslide occunence and take time to prepare 

sufficient necessa ry sources for ・reduction.

AHP methodology 

Analytic Hierarchy Proce ss (AHP ) method is multiple-criteria decision-making method 

propo se d by Thoma s Saaty in 1980. In 也at time , Saa 句rwas directing re search pr 吋ect s for 

Anns Control and Di sar mament at 也e US State Department. He ha d to smmount 

communication difficu lties between scientists and lawyer s with an apparent lack of pract ical 

systems fo r priority-setting and dec ision-making. After noting the se difficu lties , he attempted 

to develop a simple means of helping ordinary peop le make complex decisions (Saaty , 1980) , 

choo sing among a set of pre- speci 白ed alternatives . The decis ion-mak ing proces s relie s on 

information re lated to alternative s. 

This method is useful where team s of people are wo rking on a complex problem 

involving jud 伊 ient. It aims to rank decision alternative s and select the best one for a complex 

m ulti-criteria decision -making pro blem using pairwi se compar・ison of tho se cr iteria . 

The deci sion situation to wh ich the AHP is applica ble includes the following six 

aspects (Zhang , 20 10): 

Choice - Selection of one alternative from a given set of alternat ives , usually with 
m ult iple decision criteria involved 

Rank - Ananging a set of alternative s宜om mo st to least de sirable 

Priority - Detennining the relative merit of members of a set of alternative s, as 
oppo sed to se lecting a single one or merely ranking them 

Resource allocation - Apportioning re so urces among a set of alternative s 

Benchmark - Comparing the proce ss es in one ’s own organization with tho se of 
other best-of ・breed organization s 

Quality management - Dealing w ith the multidimen siona l aspects of quality and 
quality improvement 

The AHP provide s a comprehensive and rational a羽 nework for structur ing a decis ion 

problem . The ess ence of the AHP proce ss is to create a hier 羽℃hy ba sed on the decompo sit ion 

of a complex prob lem , with a goal at the top , cr iteria and/or sub-criteria at different leve ls, and 

decision alternative s at the bottom of Figure 2 .14 . Therefo re, AHP was propo sed . It is a simple 

method : people w ith no formal training can under 引and and participate in activities using it. 
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刈回Tl2 臥e Aaerroe A脂rme
1 2 3 

A脂閣総 刈脳rme Aaerroe 
3 3 3 

Figure 2.14 Structure of AHP (Zhang , 2010) 

In th is method, the number of cr iteria and the cones pondin g relat ive prior ity fo1m 

judgment matr ix A (reciproca l matdx) , wh ich contains pahwise compar ison val ue s. 

、E

・E

・－E
E

・E

・－E
・E

・－』

η

n 

z
z 

，rJ
，r’
・・・咽
A

唱
A

q

L

Z

Z 

q，
ゐ

吋

，

h

z

z 

J
／
噌
i

・：
I

／

－

n 

z

z 
’A

’A 

Z

Z 

4
i

，r’ ．．．
 

，，，
 z

n 

z

z

i 

r

－－E
・E

・－E
・E

・－E
E

－－L

一一

、E

・E

・－E
E

・E

・－E
・E

・－」

η

n

川

1

2

：
・
明

α
α
α 

今
L

q

A

今
4

1

2

・・・

n

α
α
α 

4
A

噌

A

4

A

4
i
q
4

・・・”同

α

α

a
－ 

r
E
E
E

・E

・－E
E
E
E

・E

・－－
L

一一
A
U 

Therein , Zi denotes the element/criterion to be compared. 何 is the pahw ise comparison 

va lu e of criteria Zi and Zj; aij = 1/ 句 for i手j,and aii = 1. These va lue s, which are given by each 

decision-maker , fo1m a square matrix. 

A pliority vector can be calc ulated using the following fo1mula: 

州、 re 日？α1j)1 ／ηl

w = l"; 2 I =I c日？α2j)11n I 

LW.η 』 Le日？αnj)l/n j 

T o check the consistency of the answer , it is necessary to ca lculate the principal 

eigenval u叫ん似）. The pr 印刷 eigenva lue is obtained from the summation of products 

be tween each element of eigenvector and the sum of columns of the reciprocal matrix. 

んηax= W1 淑 b1 + Wz * bz ＋…＋ w .η 忠 bn

The re in , the following var iable s are used : 

bi ＝α11 ＋α21 ＋…＋叫tl

b2 ＝α12 ＋α22 ＋…＋αn2 

b1 = α1n ＋α2n + ・・・＋ αηn

Saaty proved that, for consistent reciprocal matrix , the largest eigenvalue is equa l to the 

comparison matdx size , orλ max ＝η. For a measure of cons istency, called Consistency Index 

as deviation or deg re e of consistency using the following fo1mula : 

λ~~~ ーη
CI ＝ーニ＝－－ー－

η－1 

Saaty also proposes consistency ratio , which is a comparison between the Consistency 

Index and the Random Consistency Index , as in the following equation: 

CI 
CR ＝ー－

RI 
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The incon sistency is acceptable if the val ue of the consi stency ratio (CR ) is less than or 

equal to 10 % . It is nece ss ary to revi se the subject ive judgment if the con sistency ratio is greater 

than 10 % . The Rand om C onsisten cy Index can be refened from Tab le 2.2. 

Table 2.2 R an do m Co ns ist enc Index (RI, 

n 1 2 3 4 5 6 7 8 9 10 

RI 。 。 0.58 0.4 1.12 1.24 1.32 1.4 1 1.45 1.49 

U sing AHP for landslide ri sk evaluation 

The Japan land slide society (JP S）血：stused AHP for land slide ri sk evaluation in 2002. 

At that time ，出ey wanted to evaluate the probabil ity of land sli de occun ・ence by interpreting 

aerial ph otograph s (Hama saki , 2013 ). Thi s work w as implemented thro ugh several times 

di sc ussion at the w orking group ac cording to the fo ll ow ing fl owchait (Figure 2.15 ): 

『lterpre tat ion of ae rial photo gra ph 

• '3. '.°..".P..:"!t:IP..際空~i.r ~~＂.•.•.1, 

a) Se lec t of eva luat ion crit eri a and ma kin g hie ra rc hy 

b) Pai r compa rison 

c) Makin g weigh t of eac h items 

d) Integra tion of each w eig hts 

e) Evaluat ion of ea ch lan ds lid es 

f) Exam in at ion of vali dit y 

Low 

Low 

: I（／フlow 印問lation 

Ex ゅarts sco re 
(3) Dec ision of A HP ri sk evolt』at ion 

Fig ure 2.15 F low chαrt sh ow ing the dete rrnin αtio n pro cess fo r the An alyt ic Hier. αrc hy Proc ess 
sco re (Ha m αsα 抗 2013 )

First , the working gr oup s separate evaluat ion criteria item s into three main cate gor ies: 

(1）“land slide bod y micro -topography " as an index related to mo vement character istic s; (2): 

“land slide body boundarγ ’as an index related to time elap sed ; and (3）“top ography 

sun ounding the lands li de body " as an index related to the topograph ic area. 
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Fm1her subdivision can be made into six inte1mediate elements : a) mode of movement , 

b) landslide bod y micro-topography , c) head bo unda1y , d) toe boundaiγ ，e) tip of landslide 

bod y tip, and t) potent ial (Hamasaki , 20 13 ). 

Created categories (minor elements) for the inte1mediate elements that will be the check 

indexes of the act ual cha 11 , and which will use the Analytic H ierarchy Process （組P) method 

to make pail 吋 compar isons for each of the m 勾or elements, inte1mediate elements, and m inor 

elements. For practical purposes, the categories presented in Figure 2. 16 are an ・anged by 

inte1med iate items so that the ri sk level increases from bottom to top (Hamasaki , 20 13) . 

To faci li tate understanding of topography fo1mation mechanisms, these items were 

organ ized from left to right when the cha1t was create d. Incidentally ，出is st rn cture pe1mits 血e

position of checks for categor 吟s to be placed between catego r吟s.In other words , in Figure 

2.16, if item F was dete 1mine d to be be tween ”ta lu s”and ”la rge scale talus ，”then a check can 

be placed between the two. 

However, when it is clear・ that multiple categories exist, the contri buti on of that with the 

most weight is assigned priori 旬．

Each person in the wo rkin g group implements Analytic H ierai・chy Process eval uations . 

The results are used as a springboa rd for creat ing the group ’S Analytic H ierarchy Process 

we ights . Here , we have set the Analytic Hierarchy Process pafred compa ri son va lues as 

describe d bel ow (Hamasa ki, 2013) : 

I: Both elements are about equally impo1tant 

3: A previo us element is slightly more impo1tant than the fo ll owing one 

5: A previo us element is slightly more impo1tant than the fo ll owing one 

7: A previo us element is much more impo1tant than the fo ll owing one 

(Other : 2, 4, 6, and 8 are interpolat ive va lu es) 

When find ing the final we ight for each categorγ ，JP S used this fo1mu la: Final weight of 

minor element catego η ＝ gener αl AHP w eight x intermediate AHP w eight x minor AHP 

w eight . 

Among the coeffic ients obtained from integrat ing the we ights, when chec king the 

highest categories for inte1mediate items a-f, compensating coefficients are added so that the 

tota l will be 100 (Hamasa ki, 2013). 

On the cha 1t , the tota l of these check scores is designated as the Analyt ic Hierarchy 

Process scores (total of model we ight coeffic ients). In othe r words , the following holds . 

AHP score ＝α乞X(A ～I)

α：is the compensating coefficient 

Paired corr ，ψarison and weight determination methods 

Specific steps for dete1min ing the we ight are the following. 

(1) Pail'ed compar ison of ”gene ra l categories ”relate d to risk est imation. 

At this stage , 3×3 pail'ed comparisons are made , based on the follow ing . 
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I. Land sli de bod y micro -topo graph y 

II. L and sli de body boundary 

III. Land slide body and suno und ing environment 

For ex amp le, a matrix is shown be low for paired co mp ari sons ass uming that ”lands lide 

body micro -topography is 血ree times more important for ・ri sk eval uation than the landslide 

body bounda1y. ” 

In the Analyt ic Hierarchy Proce ss m ethod , paired co m pari son s are conducted in the 

same way for all elements . Then geo m etric m ean s are fo und for the hor 包onta ls of the matrix. 

The se rat ios are conve1ted into we ight s. 
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Fi gure 2.17 dep icts an example of inspection sheet for the Ok amizawa land sli de in 

Japan. The total AH P score is 78 , mean ing that 血is land sli de ha s a high probab ili ty of I・e-

activation. 
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(Left side shows a pαirof αer ial photograph , right side shows risk ev αlu αtion criteri α）． 

2.5 . Large-scale landslide mappin g 

To ass ess land slide hazard s or evaluate landslide ri sks one must strut with collection of 

info1mation related to where land slide s are lo cated ：血is is the goa l of land slide mapping . The 

simple st fo1m of lands li de mapping is a landsl ide invento1y map , defined as a map recording 

the locations. It m ight show the dimens ions , geographical extent of re spective landslides , types 

of ma ss movements , and states of activity . This data se t might repre sent a single event , a 

re giona l event , or m ultiple event s. It m ight be ve1y helpful for predicting the hazard for an ai・ea. 

In mo st ca ses however , not all this info1mation is available be cause mo st of the existing 

inventories incl ude on ly a subset of the requ ired data. Based on the type of mapping , landsl ide 

invento1y map s are cla ss ifiable as ai・chive or geomorphologica l inventories (G uzzetti , 2005 ; 

Malamud et al., 2004b ). An archive invento1y presents info1mat ion related to land slides 

obtained from the literature , or other archive so urce s (Guzzetti, 2005 ; Re ichenbach et al., 1998; 

Salvati et al., 2003; Taylor and Brabb , 1986 ). Geomorphologica l inventorie s can be cla ss ified 

fur ther as historical , event , sea sonal or mult i- temporal inventor s. 

Land slide susceptibility di splays the probab ili ty of occun ・ence of lands li de s of a 

paiticular type at a given locat ion. Thi s spatial probab ility , ei血er quali tatively or quantitatively 

dete1mined , is usually expre sse d on map s in qualitative te1m s (e .g. nil or low , medium , high ) 

and depicte d as zone s (po lygons in digital map s) filled in w ith colors ranging from cold hue s 

repre se nting lower land slide susce ptibility to waim hues for higher landslide suscept ibili ty 

zone s. 

Land slide hazard maps speci fi cally depict the probab ility of occ unence of land slide s of 

a pait iculai・ type and magn in1de at a given locat ion within a referen ce period of time. Therefore 

land slide hazai・d assessment differs from suscepti bili ty assessment by cons ideration al so of the 

event magnitude , an d more impo1tantly , the frequency of occun ・ence or re activation . 
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Lands lide risk ma ps generally show the probabi li ty (often expressed annua ll y) of 

landslides caus ing casualties , da m age to proper 守 and infrastrncture, and intenuption of 

services and economic activities. In lands li de risk assessment, the exposure (as the amount and 

va lue of the elements at risk , such as population, build ings , a road or railway, or a vehicle or a 

tr 加n pass ing by) and vulnerab ility (as the degree of loss of these elements) are us uall y 

cons idered in addition to the lands li de hazard. 

Among these la nds li de maps, susceptib ili ty maps are the most abundant wo rl dwide , but 

an inventory map is the simp lest form of landsl ide map ping. Regarding the histmγof lands li de 

mapping, the 血・st idea of systematically collecting historical information re lated to lands li des 

was conducted in Italy in 1907 -1 910. Geogra pher Roberto A lmagia pub li shed two vo lumes of 

maps at 1 :500 ,000 sca le. In them , la ndslides were shown as po ints . The ma ps de picted 

hundreds of lands li des in the A penn ines. Since then , many efforts have been cond ucted to 

update the database and search for ・new data re lated to historical landslide events. The lands li de 

inventory map engendered great changes in sketch ing and prepar ing . In 2004, a lands li de 

suscept ibil ity and lands li de inventory map was bas ica ll y produced for ・Japan. Ita ly and America 

prod uced such maps in 201 1. In recent years , G IS techno logy has been w ide ly used for 

pre paring landslide mapping. In the next two sub-sections , an overv iew of landsl ide ma pping 

of Jap an and Vietnam (mainly landslide inventories and suscept ibility or hazard maps) will be 

introd uced. 

2.5 .1. Landslide mapping in Japan 

Lands li de mapp ing in Ja pan has a long history ex tending more than 60 years. It started 

in risk evaluation in some projects , giving it the longest history in the world. In the 1960s , 

Tohoku Univers ity ’s research laboratory for geogra phy used 1/40 ,000 monochrome aerial 

photographs taken by the US m ili tary. This was done to ana lyze aer ial photogra phy and land 

classification in nationa l land surveys. Aro und 1965 , var us scho lars pointed out tha t 

‘‘landslide topography ”formed thro ugh la ndslides can be recogn 包ed us ing aeria l photogra ph y 

analysis (Ic hise , 1964; Miyagi, 20 14a) . Furthermore , applying aerial photogra ph interpretation 

in tenain surveys for dam constrnction , cases of unexpected unstable ground “res ampling 

landslides ”were pointed out. In 1971 , Hatano ana lyzed the “Sendai" area using a 1/200,000 

topographical map and prov ided a map high li ghting vario us slope tena ins possib ly created 

thro ugh landslides (Hat ano , 1974). He was probab ly the 血・st person in Jap an to descr ibe the 

distrib ution cond itions of large -tenain landslides. Since Hatano ’s revelations , other 

investigators such as Terado (1978) , Miyagi (1979) , Shi m izu et al . (1982 -1988), and the Japan 

Lands li de Society Tohok u Branch (1992) have put forward distribut ion maps of landsl ide 

tena ins for ・var us areas in Japan (Miyagi et αl., 2014a, b). 

Analysis of lands li des thro ugh aeria l photograph interpretation (Figure 2. 18) enab les us 

to distinguish to pographical are as created thro ugh lands li des 宜om those which did not resu lt 

from lands li des. Landslide tenain is clea rl y demarcated from general slopes thro ugh the 

landslide scarps (Varnes , 1978). The main part of a lands lide is suno unded by sl ips and is 

recogn ized as consisting of mov ing objects such as the lands li de body . Landslide topography i s 

constituted by slip smface so -called surface of rn pt ure and moving material called the landslide 

body. Var us shapes and inclinat ions of slip precipices exist. Moreover , the mov ing parts 
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themselves undergo various changes in fo1m and substance in the process of movement, which 

appear in the fo1m of micro-topographica l feat ures at the surface of the moving pa1t . 

Naturally , the topography caused by the effects of landslides creates pa1ticular landsl ide 

topographies. Fmthe1more, it has been pointed out that the micro -topography fonned through 

landslide topography conesponds to the mate1ial characteristics and movement of landslides 

(Miyagi , 1979; Yagi , 2003). Landsl ide topography incl udes a host of basic units of topography . 

Each topographic unit is fo1med by peculiar processes. Consequently, it has been suggested 

that by understanding the fo1mat ion of micro -topographies, one can investigate the fo1m of 

movement and the location of the sli de stiucture , as we ll as the fo1mation processes of 

landslide topograph ies, and the landslide mechan isms (Kimata, 1985). 

Figure 2.18 Picture of aeri αl photo inte ψre 的ti on 仰iyagi, 2013 ) 
伊ゆrmed using aerial photograph , stereoscope for aeri αl photography 向irror type), simple 
stereoscope , topograph y map , geological map , w riting materi αls, etc .) The series of aeri αl 

photographs should be arranged as shown above , and be examined jトom directl y above . The 
gap s p々arating photographs differs depending on the person; fine tune the image by moving 

the photographs slightl y until the image is clearl y visible (Miyagi , 2013) 

Figure 2.19 Example of Stereo pair image and the topographical map (le ｝り仰iyagi et al. , 
2004 ): A: river; B -F: river terraces ; T: alluvi αl cone . Lαndslides distributed at the upper part . 

The landslide cut the river terr αces. 
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In 2015 , the National Research Institute of Earth Sciences an d Disasterσ-ilED ) 

established landslide invento1y maps for all of Japan , which amounts to over 400 ,000 landslide 

topographic locations . 

Analysis of the discove1y of lands li de topography was conducted with great scientific 

interest in important geomorpho logical questions of “how slopes develop. ”Ae ria l photo-

interpretation has advanced re sea rch on qu atemaiy tectonic movements. The development of 

topography has spec ifically examined the re cognition of tenaces and active fau lts. The 

re cognition of landslides was advanced, addressing the question of how to locate mass 

movement as a factor in exp laining the topographical development of slopes 小1iyag i,2013) . 

Figure 2.20 Azuma volcanic 陀 gion landforrn classification map (top) (Miyagi , 2013) 
rendered as a 1: 25, 000 scale topography map. It depicts the landslide topography (the 

movement ぐype is also classified), volcanic sl ope ，αccumulation topography of the mountain 
foot, and a convex break line 作orrosion Zin りallowing estimation of the landslide topography 

distribution, as well as the relation between the landslide area and volcanic slope, and 
potential sediment yield per watershed . Aeri αl photograph: 1: 20, 000 sc αle monochrome 

αdhesive photograph (Miyagi, 2013) 
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Figure 2.21 Lα ndslide topograph y distribution map (o 
Landslide Society ) (Mi ）ノαgi, 201 み
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Landslide topograph y derived 斤om aerial photograph inte ψretation in α1 :25,000 scale 
topograph y map . Here , maps are αnnotated according to the legend on the right . The minimum 
landslide fluctuation range hαs been determined. The main scarp is sho w n by heav y lines and 

hatch marks. The actual landslide body shape is sho w n w ith thin lines . For large -sc αle 

landslide topograph y, if large -scale intern αl structures on a scale that permits interpretation 
within the landslide bod y are co ザzrmed ,then these too αre noted. The main scarp and its 

surroundings , the height difference at the top part of the slope ，αnd fissures, have probabili 汐

indicators suggesting instabilit; 人 They αre noted w ith ιxtreme cauti ・on. The aerial photographs 
used were 1:20 ,000 sc αle monochrome adhesive photographs from the Nishikaminome region 

of northwestern Mi yagi Pr .φcture . Each landslide topograph y map is ass 砲ned an ID number 
linked to relevant information. The creation of these distri 仇，lfion data began in the 1980s , and 

comprises a 1:50 ,000 sc αle map of recent iη formation covering αll of Japan 仰i抑 gi ,2013) 
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Figure 2.22 Lα！ndslide topography distribution and rは level chart (Miy α1gi, 2013) 

Stereo pαir interpretation wαs conducted of the distribution map from Figure 2.18 and the 
images recorded in the interpretation ev αlu αtion ch αrt . Lαndslide risk w αs ev αlu αted using 

AHP. Hα mαsaki provides an eχ:planation of this . The ev αluation points obtained through 

加terpret α訴on do not constitute αrigorous scale (e.g ., no significant dぜrerence was found 
between scores of 60 -65). They are divided into three gener αl ranks: A-rank αre αs, which have 

αn AHP score of 80 or higher if synthesized with AHP ev αluations in αc加αldis α:ster 
counterrne αsure cα :se studies, can be judged to be fundamentally αctive . B-r .α！nkare αs have α 
score of 60 or higher . Cα ution is necessary when su ；円 eying them . C-rank are αshave been 

judged to be fund ，αmentally unmoving, but caution is necessa .ηαs the landslide body itself hαs 
sustained dα mα1ge .fi ヤom the landslide, and αctions such αs te αring might lower the landslide 

body ’s st ，αbilii 旬 Relevant evalu αtion is done using aerial photograph interpret ，αlion αlone; use 

of estimated values is legitim αte. It is extremely usefi もti αsα dr ゆ map for various pl αns . It is 

the basis for αssigning priori ，旬 to the implementation of.field surveys (Miy α1gi, 2013) 
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2.5.2. Land slide mapping in Vietnam 

In Vietnam , land slide stud ies started in 1974 by Prof. Ho Chat , but land slide mapp ing 

(Figure 2.25 ) wa s fu 前 deve loped in 1994 by Dao Van Th inh and Ng uyen Phu ong D ong (D oan , 

2008 ) for ・nor 也we stern province s of V ietnam. It is a susceptibility map by nat ure , indicating 

low , moderate , high , and very highl y landslide susceptible locat ions. Land slide location s are 

shown onl y as points on the map . 

Pr od uced by. Oa 。Van Thi nh, Nguyen Phuong 0。ng
巳コ Landsl ide I町 ati io n 

匿呂拘ry hig
suscept ibility 

区2う ：己ロお：；~e

区ヨM吋 ’um, 陥n

区つ拙ceptibil i

巴コ D隠t1ict 。恥

何JW 囚
巨コ R剖 d

巨コ 町制抑制m

Fig ure 2. 2 5 Sus cept ibi lity m ap for northw estern pro vinces of Vi e的αm 命rod uced by D ao Va n 
Thanh and Ng uyen P hu ong Do ng ) 

During 1990-20 10, man y studie s of land sli de mapping were conducted. Many 

land slide suscept ibility maps were done severa ll y for ・different area s. Land slides were 

de sc ribed on the se maps and were divided into five 旬pes (Tab le 2.3) depending on their 

vo lumes , as prop osed by Lomtadze (Lomtadze , 1997 ), e.g. a land slide inventory map of Tran 

Tan Van (Tran , 2006 ) for Trnong Son commune , Quang Ninh di strict , and Q uang Binh 

province (Figure 2.26 ). 

C lass ifi cation Size Volume (m3 ) 

Small < 200 

II M oderately large 200 ・1,000

III Large 1,000 -100 ,000 

IV Verγlarge 100 ,000 ・1,000 ,000

v Extreme ly large > 1,000 ,000 
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( Lands 刷 oc at1on
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Figure 2.26 Landslide invento η map for Truong Son commune , Quang Ninh district , Quang 
Binh province (Tran , 2006, 上向 this map , the landslide location was described as the red arc . 

Its size denotes the volume of landslide 

In 2008, Nguyen Quoc Khanh developed a lands lide invento1y map for ・Muong La y 

district , Son La pro vince (Fi gure 2.27). 88 landslides were ske tched , representing point fea 加 res

w ith different s戸nbo ls and depending on old or new lands lid es . For no landsl ide is there a 

description of tri gger in g factors info1m ation. 

Legend 

・Landsl ide 。n
。Id d。cument
・New landslide 

• La ndsl ide (base to com bin e 
aerial photograp hy and 
両eld・wo rk in terp reted 

Figure 2.27 Landslide inventory map of Muong La y district, Son Lα province (Ngu yen, 200 の
landslide location w as represented as point features with different symbols and depending on 

whether it is αn old or ne w landslide . 
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In 2009 , Nguyen Thanh Long prod uced an invento1y of landslides for A Luoi district , 

includ ing 18 1 lands li des and landslides described as a region (Fig ur e 2.28) , but it is extr 百 nely

difficult to recogn ize scarps indicating a lands li de body. 
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Figure 2.28 Landslide inventory map of A Luoi district , Thu αThien Hue province (Nguyen , 
2009): 

lα ！ndslide topographic αre αwαs represented αsα black region , but it does not mention sc αrp 
αnd landslide bodies 
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Act ually, all maps above were publ ished by individ uals. Vietnam has no organization 

responsible for co ll ect ing and prod ucing landsl ide mapping. No law exists for ・landslide

databases and maps . A ll studies above are separate wor ks, speci fi ca ll y examining small /local 

areas, rangβdistiicts , and provinces. In 2012, a state -funded pr吋ect ，“Investigation, assessment 

and warning zonation for landsl ides in the mounta inous reg ions of V ietnam ”established a 

standard national database of landslides and generated landslide hazard maps , landslide 

invento1y maps at scales of 1 :50 ,000 and 1: 10,000 for 37 prov inces in V ietnam . However , the 

pro ject is not we ll organized, a乙cording to the project report ，出e 白・st stage (2012 -20 16) has 

been completed, but the web page (www.canhbaotluotlo.vn) cannot be accessed now, allow ing 

no comments. Lands li de hazard maps and lands li de invento1y ma ps have been prod uced for 

eight n01them prov inces and two central provinces of V ietnam , but landslide inventmγmaps 

are still ve1y poor. Figure 2.30 po1trays an exam ple at 1 :50 ,000 scale . In th is map, brownish 

brick hatches represent areas prone to sli des; red dot hatch ing and red cross hatching represent 

areas wh 悦 landslides have occuned . Landslide locations are denoted by 出e symbol “？” 
The symbo l size denotes the lands li de vol ume. Five categor ies are displayed on 由is map: small 

（く200 mつ，moderately large (200- 1000 mつ，large (1000 -20 ,000 mつ，組d ve1y large (20 ,000 -

100 ,000 m3). 
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Figure 2.29 E;χαrnple of landslide suscep 地 ility maps for Quang Nam province (Markus, 
2015): The level of landslide suscep 的 ility is represented by the color tone : black represents 
低 treme high landslide susceptibili 臥 red repr 邸側ts very high landslide susceptibility, green 
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In gene ral , lands li de suscept ibi li ty m aps are ab un da nt in Vietna m . They have played 

imp ortan t ro les for spat ial planne rs and risk m anage m ent in V ietna m . H owever , lands li de 
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in vento1y mapping is st ill poorl y done . Info1mati on related to landslides is not syste matic : 

mostl y it is organized by lo cation. The area of extens ion and 守pe of process are not 

represented. We lack systems and method s for collect ing data and publi sh ing consultation. 

2.6. Possibility and limit of aerial photograph interpretation in 』apan and Vietnam 

As described above , although Japan has a historγof 60 years of land slide research by 

aedal photograph interpretation , progress is still being made in the research of land sl ide 

phenomena. In other countr ies such as V ietnam , landslides are observed as a main mechan ism 

related to development of a slope. The distribut ion and development are supported by 血e

usefu lness of aeria l photographic interpretation. 

In Japan, aeria l photographs of var us kinds of a scale have been taken and have been 

released repeatedly. Aerial photographs have been taken repeatedly at time intervals of less 

than ten years, with sca les of 115000 - 1/40 ,000. For this reason , land can be observed for 

arbitra1y part s in Japan by vario us details. Changes of geographical features over time have 

also been checked . Detailed fine micro-landfo1m feat ure interpretation has become poss ible 

and even commonplace from color aerial photography on a large sca le (mount ain regions of 

1115000 and pla ins at 11 1000 and 118000) taken in the 1970s. 

Photograph deciphe1ment technology has progressed. Its application to danger 

eval uation has been tried. Risk eva luation re lated to re-act ivity possibility of the landslide 

topographic area based on the technology of ae1ial photograph interpretation was connected 

w ith a judgment technique ca lled AHP (Sarty, 2000) , and became a sett led technology. Miyagi 

et al . (2004) repo1ted outlines and examples of interpretation . A l血ough the auth or has 

ma stered the technology of aerial photograph interpretation in Japan , some practical difficulties 

remain for adaptation to V ietnam . 

In Vietnam , acquisition of an aerial photographs or a precise topographica l map entails 

some difficulty. The aeria l photo gra ph s that are useful daily are 1133000 monochrome images , 

which is not a good sca le for observat ion of micro-landfonn feanire s in deta il. Moreover, the 

interpreted landslide topography must be copied into a topographical map, and must be used as 

a landslide topograph ic map . Howe ver , it is not so high reso lution as the accuracy of the 

contour indicated on topographica l map s出at show fine landfo1m features . 

First , interpretation of the micro- landfo1m feanires enables observ ation of the in side of 

a landslide place. It pre sents land slide topographic feature s fr om creat ion of a distrib ution map 

of land slide topography . 

Such a sta te is not restricted to Vie 阻am. Many countries can also benefit from aerial 

photograph deciphe1ment , which is ve1y effective for grasp ing land slide topography it se lf in 

man y co untries which have aerial photograph resources. If 1/33000 aeria l photographs are used , 

then main slide scarps can show an outline of the land slide topographic area. Moreover, a 

land slide body and its position, the ma in m ovement direct ion , and other points can be fully 

deciphered , but micro- landfo1m features are not easy to recognize 

In Japan, the Japanese land slide topography distribution map (NIED, 1985 -2015) was 

created using 1140 ,000 of monochrome aerial photographs. Ho wever, it is not necessarily easy 

to decipher micro- landfo1m feanires from 1/33 ,000 aedal photographs. The m icro -landfonn of 

the landslide 出at area exceeds 0.5 km2 and for ・which act ivity is ve1y high is also large ・scale ,
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and it is the target of interpretat ion. It is inappl icable to the general subject of ”re -activity risk 

eval uation of lands li de topography ”if th is fine geographical feature cannot sh ow almo st all 

land slide topography feanires . 
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CHAPTER 3. GENERAL DESCRIPTION OF THE STUDY AREA 

3.1. General environment of 』apan regarding potential for landslide disasters 

The Japanese Islands are emerged areas of volcanic island arc s extend ing to abo ut 3000 

km and located in a pa1t of circum-Pacific orogen ic zone which compr ises 10% of the 

earthqua kes. The ai・ea account s for ・10% of active volcanoe s in the world . Its geo logy is very 

young and frag ile (Figure 3. 1). Japan ha s fo ur main islands : Hokkaido , Hon shu , Sh ik ok u, 

Kyu shu. Among them , Hon shu is the lai・gest island , on which the capita l (Tokyo ) is situated. 

On the Pacific Ocean side , tr 百 iche s nm para ll el to the se island s, incl uding the Kur il Tr 百 lCh ,

Japan Trench , Izu ・Bon in Trench , Nanka i Trough , and Ryukyu Trench (Figure 3.2 ). 

The Japane se archipelago is located at the meet ing point of four plate s: the Pacific 

Ocean plate , the Ph ilippine ocean plate , the Eur asia Continental plate and the No1th America 

Continental Plate. The Pacific Plate move s W -N W  at a rate of about 8 c1凶year ,subd ucting 

beneath the K ur il Arc and the Izu ・Bonin .The Kuril Trench , the Japan Trench and the Iz uBonin 

Trench are deeper than 6000 m in the region where the Pacific Plate is subducted. Quatema1y 

volcanoe s li e parallel to the se trenche s, fo1ming a “volcanic front. " In the north , subd uction of 

the Pac ific Plate is obliq ue to the Kmil Trench , ca using a stri ke-slip movement along the Kuril 

Arc which re sults in a loca l colli sion zone within the Okhot sk Plate in central Hokkaido 

(NUMO , 2004 ). 

The Ph ili ppine Sea Plate move s N W  at a rate of approximately 5 cm /year -, subd uct ing 

beneath SW Japan and the Ry uky u Al ・c. In so uthwe stern Japan , the volcanic front lies par 叫lel

to the Ry uky u Trench and the Nankai Tro ugh . The volcanic front becomes les s pronounced in 

the central area s of Honshu and in Shi koku . To the south , the Philippine Sea Plate is al so 

subduct ing obliq uely to the Nanka i Tro ugh , con stitut ing a tectonic sli ver moving we stward 

along the st1ike -sli p “Median Tectonic Line ，， ο沢爪10 , 2004 ). The tectonic situat ion is 

complicated in the area where the North American/Okhot sk Plate , Eura sian/Am ur ian Plate , and 

Ph ili ppine Sea Plate converge (l' 沢見v10 ,2004 ). 

The Tohoku district is located at the subduction zone of the Pacific Ocean plate as a 

place of a 守pical Island arc and trench sy stem (Figure 3.2 , Fig ur e 3.4 ). The Japan Trench , Ohu 

Bac kbone Range , volcanoe s, ba sins, and the ea1thquake zone stretch par 

this rea son , we usually produce an image us ing an ea st to west cro ss section. 
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Figu.re 3.1 World earthquake distribution map 向odi.fiedfrom datafrom headquarters of 
Re search Promot ion of Earthqu αke and Volcanic Dis αster s in Japan ) 

Figure 3.2 Topography and main geographical regions of Japa n (NUMO, 2004) 

Figure 3.3 Four mα in pl αtes of Japan 向od 折edj シom data from the headquarters of Research 
Promotion of Earthquake and Volcanic D isasters in Japa n) 
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Figure 3.4 show s a cross section of the Tohoku district. The typical island arc and 

trench sys tem is established by the relation s of the subd uction of the Pacific Ocean Plate to 

under the No1th Amer ican Continental Plate. Thi s sys tem generates earthquakes of four types : 

at the plate boundaiγ ，at the subduction , shallow ea1thquake s at the continental plate , and 

eaithquake s related to volcanism. In 20 10 , ove r 1300 earthquakes we re sensed in Japan. The 

企equency of magnitude (M ）三5 after shocks dur ing the two wee ks after the main shoc k of M 9 

eaithquake in eastern Japan in 20 11 was grea ter than 400 . 

。
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｛鼠m:
Inland earthquake Plate boundary. earthquake 

Fig ure 3.4 Cross secti on of the To hok u district 向od ifiedj トom data of the headquarters of 
Re search Pro moti on of Earthqu αke and Volcanic D isasters in Japan ) 

Figure 3.5 pre sents an out line of the schemat ic cross profile of the ea stern ha lf of the 

Tohoku D istrict and the main landslide phenomenon in the area of intere st (M iyag i et al., 

2011) . In this ai ・ea, volcanic sediment is depo sited on a Te1tia1y strncture fo1m ing the 

foundational gro und and the sediment such as lava , pyrocla stic flow sed iment , and mudflow 

sed iment , various sub stantially in scal e, consolidation, specific gravity , compos ition and other 

characteristics . Geo logical caldera st rncture s occur in the foothills , which are thought to have 

been fo1med from the end of the Te1tia1y to middle of the Q uatemaiy . These are paitly filled 

with thick , wea k lacustr ine se diment. 

Mo un tain Hill s 
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hi Ph oort E ; Large 田拠出>ck gl ide ぬnds lide

Figure 3.5 O utline of the schem αtic cross profile of the eα stern To hoku D istrict (M iy α1gi et αl., 
2011 ) 
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Regarding climate, the area of Japan archipelago has typical temperate monsoon 

climate and characterize d as the high precipitation. Th e Pacific Ocean High Pressure in the 

southeastern area brings strong typhoon activity at the so uthern pa1t of Japan . Th e cold and d1y 

n01thwestern winds blow in winter and br in g heaηF snowfall , contrasting aga in st the wet and 

hot southeastern w ind s blowing in summer (Fi gu re 3.6) . Fmth e1m ore ，旬phoons usual!~「 hit

dur g summe r. Fi gure 3.7 shows ザpica !weather sa tellite Him awa ri images in summ er. Strong 

句rphoon activity br gs heavy rainfall causing tonentia l rains in and around Japan. Fi gure 3.8 

pre sents a 守pica !weathe r satellite Himawari image in w int er. Co ld air flows across Japan, 

brin gin g heavy snowfa ll to its Sea of Japan coast. 

Figure 3.6 Schematic showing Siberian High Pressure on Northwestern αnd the Pacific Ocean 
High Pressure on southe αstem areas 

Figure 3. 7 Typical w eather satellite Himawari image in summer 向rong 砂phoons bring heav y 
rai η角的 (Takahashi , 1982 ) 
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Figure 3.8 Typical weather satellite Himawari image in winter 作old air flowed αcross Japan , 
bringing hea η sn01 叱fall to its Se αof Japan sid り(Takahashi ,1982 ) 

R eg arding geo logy , the Jap an reg ion has been in a zone of subduct ion -re la ted 

accretiona1y tectonics since the Penno ・Jur assic (>295 -13 5 Ma). It is also situated in a volcanic 

zone on the Pacific Ring of Fire . Therefore , Ja pan , especia ll y the Toho ku district , i s 

ch aracter ed by a verγ act ive orogen ic zone. This env ir onmental cond ition leads to the severe 

bac kground of landsl ide disasters m 血e distdct. 

3.2. Landslide disasters around the study area 

Japan , especia ll y the Tohoku distr ict , is ch aracter ed by a verγact ive orogenic zone 

and t》rpical m onsoon cli m ate. This set of environmental cond itions leads to a severe 

bac kground for lands li de disasters in the district , w ith lands li des of various 句rpes such as 

smface fa ilures, sha ll ow lands li des , deep fa il ures , deep -seated lands li des, and roc k fa ll s 

(M iyag i et al ., 20 11 ). Eaith qua kes are a m ain factor affect ing landslides in th is area. At 8:43 

am on June 16, 2008 , an ea11hquake of M7 .2 (Richter sca le) w ith a foca l depth of 8 km strnck 

in the so uthern part of interior of Iwate pre fe ctur e. The ma in shock and after -shocks occuned 

in an area stretching in a NNE -SSW direction , approx im ate ly 45 km long and 15 km w ide. The 

m ain shock occuned almost in the middle of the area (Forestry Agency Japan , 2015). The 

eai1h qua ke was ch aractedzed by intense accelerat ion and extr 百 nely short -period sha king on 

the hang ing -wall side of the source fau lt. Among the se ismic wavefo1ms observed at the stat ion 

around the ep icenter , the long -period acceler 刻 ion wavefo1m (1 s to 2 s) , whic h can ca use 

dam age to str 11 ctures such as ho uses , is displayed on Figur e 3 .10 and is overlap ped w ith those 

of past ea1thq uakes (Forest1y Agency Japan, 2015) . 

38 



,. 0・JOE 141 ・001; 141 ・30'E

Figure 3.9 Epicenter distribution map on and after the June 14, 2008 earthquake (Forestr y 
Agenc y Japan , 2015 ) 

The peak acceleration of this earthquake was about half that of The Southern Hyogo 

Prefecture Earthquake in 1995 and the mid -Ni igata Prefecture Ea11hquake in 2004 . Therefore , 

the effects on strnctures such as ho uses are believed to have been lim ited (Fo re stry Agency 

Japan , 20 15) . 

However, the sho rt -per iod acceleration wavefo 1m (0.3 ・s) was predominant , so 也at

characteristics of dam age are believed to have been main ly ground failures in mo unta inous 

re gions w ith smaller layers of sediment , which can absorb seismic ground motion (Forestry 

Agency Japan, 20 15) . 

50 0 
)> z,., 

.：：：吾 O
官 i

コ
ー500

0 1 0 20 30 40 50 

50 0 Wavefo rms in the ••st-wesi dr冊目刷、

－nu ＝b －AU 
一
必
句－AU －AG 

M
A
U 

A

U

n

u n
u 号

、pn《
生
命
『
皇
5
3

m
主
S
E

－

500 
)> 

c g  

2号 。
主5

-'500 

W 抑 efo rin sm 出e叩・down duection 

0 1 0 20 30 40 50 

O Legend Second 

- Tielo 

．－－－ 官iemid 判’gata Prefecture Ea 『ti 司q帥 ke in 200 ‘！Kaw. ‘官guchi ，陶川guchi・c 加｜ 

－ーー帽 The Southern Hyogo Pref•ctur• Eart hquake rn 199S (N akayamate, Chuo. Ko be Ci1y l 

F返ure 3.10 Comp αrison of seismic waveforms in Iw αte -Mi yαrgi 2008 , Niigat ，α2004 , and 

Southern H yo go 199 5 earthquake 伊ores 均 Agenc y Japan ,2015) 

Figure 3.11 shows the Shiz umik urasawa deep -seated landslide at the upper reaches of 

Nihasamagawa, which occun ・ed dmin g the 2008 earthquake , w ith geology that is charactedzed 
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by pum ice tuff and we lded tuff distrib uted on alternat ing layers of sa nd stone and mud stone 

(Foresti・γAgency Japan , 2015 ). 

Figure 3.11 Shizumikurasm 叩 deep -seated landslide in the upper re αches of Nihasamagawa 

(F ores tr ヲ1AgencyJap αn, 2015) 

Figure 3 .1 2 show s the Kawaragoya saw a surface land slide at the Ichihasamagawa River 

Ba sin , which occ un・ed in welded 加ff di strib uted on pumice n1ff and n1ff brecc ia. In this area , 

75 1 slope failure s were observed . The amount of unstable de bris reached approx imate ly 

14,67 0,000 m3 (Foresti ・γAgency Ja pan , 20 15) . 

Figure 3.12 Slope failure (Su rfi αce landslide) at Ic hih αsαmα 1g aw αR iver Bα sin (F ore stry Agency 

Japa n, 2015) 

Figure 3.13 shows an ear 由 flow that occu n ed at Dozou sawa, located at Mt. Kur oma , 

character 包ed geolog ically by mudflow sediment overlain by pumice 加 ff distr ut ed on welded 

れiff. In thi s area , large ・sc ale slope failures occun ・ed at fir st, later turning into debri s or flow . In 

all , 137 slope failure s were observed in th is area. The amo unt of un sta ble debr お reached

1,69 0,000 m3 . 
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Figure 3.13 Eαrthflo w αt Dozo 回 αw α(Forest ηAgenc y Japan ,2015) 

Figure 3.14 presents a bird eye view of Aratozawa land slide before and the after 

landslide event. This landsl ide was located at a gentle slope at the southeastern part of 

Kuri koma mountain , about 4 km far from the study area. It was 出e largest landslide among 

mo untain disasters caused by the Iwate-Miyag i ea1thq uake . It was also the largest landsl ide in 

Japan. It was 900 m w ide and 1,300 m long , w ith area of 98 ha and a max imum drop of the 

main scarp of 150 m. Observed data show that 血e angle of inc li nation of the slip surface is 

extremely gent le (1° and 2°) (Figure 3.15) . The geology consists of pum iceous tuff and welded 

tuff distdbuted on lacustrine sediment of geological caldera (Forestiy Agency Japan , 20 15) . 

Figure 3.14 Bird ’s eye vie w of Ar αtoza w a landslide before αnd αifter the landslide event 
(Mi yαrgi et αl., 2011 ) 
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Figure 3.15 Typical cross profile of the Aratoz αwαlα ！ndslide 似 iy αrgi et αl., 2011) 

Figure 3.16, Figure 3.17 show the Oikubo lands li de , which occuned because of heavy 

ra infa ll . 

Figure 3.16 Oi k:ubo landslide (I α：αerial photograph αifter the movement; b: prefectural road 
cut α！nd transformed ぬ側t30 rn; c: overview of the 叩Jper part of landslide (Hig ，αki et al ., 

2008) 
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Fig ure 3.18 Ra infi αll record αnd the deform αtion sequences of the extension meter at the 
O ikub o landslide (Hig αki et αl., 2008) 

3.3. Japan study site at Fukayamadake area 

3.3 .1. General environment and study area selection 

The study area , Fukayamadake , is located so uth -southea stwa rd of Mt. Kuri koma 

(Figure 3.21 ), a volcano in the Oh u mountain range. The area is between 38 °52 ’30.92 ”and 

38 °51 ’2.1198 ”No1th latitude , between 140 °49 ’40 .97 ”and 140 °51’4 1. 57 ”East longitude. It 

belongs to 出e Tohoku area and the Japan archipelago . 

The study area is just 4 km di stant from the Aratozawa land slide , the large st landslide 

in the Tohoku area. From its center spread s a gentle pa sture called the Fuk ayama pas 加reland.

Thi s pasture is a low re li ef surface with elevation around 550 m , bordered by the 

Onomats uzawa Valley, a branch of the Niha sama R iver on the northern side , and by the 

T ozawa River on the so uth . The relative height between the Onomats uzawa Va ll ey and the 

Fuk ayama pa s加reland is about 100 m . Mt. H itsugaori has elevation of 700 m , ri sing high over 

the ea st side . 
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The study area sustain s severe rain s cau sed by the temperate mon soon climate and 

句rphoon s.Average ann ual rainfall is about 1,285 mm ; average annual tempera 加re is about 

1 l .08 °C. River s that di ss ect the upheaving mountain slope s have caused vio lent down -cutt ing , 

which ha s developed ubiquito us gorge s with relative he ight of more than 100 m. Developed 

gorges of a relative height near 150 m are observed also aro und th is study reg ion , such as in the 

upper stream of the Ichiha sama R iver and the O sawa Valley on 血e Niha sama River. A huge 

dip slope stmcture fo1med by volcanic sedimentaiy roc ks such as the Neogene green tuff s and 

Q uatemaiγvolcanic roc ks ha s been cut deeply into an ero siona l valley to fo1m a lai・ge ・scale

land slide. Many caldera stmc 加工es were deve loped in the Tohok u distr ict in the middle of the 

young orogenic movement. Oyagi (2008 ) pointed out that the existence of a lac ustr ine deposit 

aggrading 血is ca ldera is an impo1tant factor affecting fo1mation of a lai・ge- scale landslide 

concentrated in the Tohoku distr ict. 
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Fig ure 3.19 A verage ra in fall and temper αtu re of study αrea ; las t 30 ye αrsfro rn 201 4 (d，αtα 
jヤom www .cl irn αte-d. αtα .org at K uriko rn a ci 勿 we αth er st，αtion) . 

When the 2008 Iwate-Miyagi Nairiku Eaithq uake stm ck , more than 3,000 slope 

di sasters occ un・ed ,such as land slide s and slope failures , in the footh ill s of Mt. Kuri koma . 

Among the se, mult iple huge land slides took place neai・ this study region , including the huge 

and de struct ive Aratozawa land slide , the largest in Japan. For th is area , Land sli de Di strib ution 

Map s are ava ilable from the Nat ional Re search In stitute for Disa ster Prevention (NIED ). The 

ri sk eval uation of reactivation of landslide topographic area s by Miyagi Prefecnire ha s also 

been implemented. Repeated surveys of land slide s and land slide topographic area s in this area 

have promoted wide understanding that lai・ge -sca le landslide s occur freq uently in th is ai・ea 

because of a caldera on the so uthern footh ill s of Mt. Kurikoma. However , it is not conect to 

infer 白紙 land slide s rarely take place outside the caldera . The Lands li de Disu・ibution Map s by 

NIED also descr ibe m ultiple lai・ge -sca le land slide s out side the caldera. Not long ago , a lai・ge -

scale land slide occuned in the Kani sawa area. 
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Figu.re 3.20 Typical landscape of the study αre α：Fuk αyα madake Pα stureland and Mt. 
K urik οm αVolc α！no 仏eandMiy α1gi, 2015c ) 
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Figure 3.21 Study area and distribution of the geologic caldera structures and Quaterna η 

volcanics in To hok u district northe αstern Japa n 作ight up) (Le and Miyagi, 2015c) 
Landforrn cl αssification map includes landslide topography. Landslide topographies 

rφ rencedj シomNIEDDat ，α

3.3.2. Gene ral description of topog raphy , geological features, weathering crust features, 

geomorphologic features 

Geological feature s of th is region were presented in the Databa se of Neogene Geology 

in Tohoku Main Arc , edited by Kitamura (1986 ), followed by the seamle ss digita l geolog ical 

map of Japan compiled by the Geological Survey of Japan of the National Institute of 

Advanced Indu str ial Science and Technology (A IST ). Oba et al . (2009) repo11s the latest 

search result s, which show that caldera sediment s of the Pliocene de signated as the 

Onomats uzawa fonnation prevail over the whole ne ighborhood in the north of the Fukayama 

pa stureland , and the Hosokura fonnation of the Miocene dominates the south. Mt. H itsugaori 

to the east comprises andesitic lava. T he entire area of Fukayama pa s加工eland and 

Onomat suzawa Valley has been bel ieved to be caldera sediments . However , the age of the 
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lacustrine deposits of the caldera is estimated by Oba et al . (2009) as younge r. It has also been 

believed that the low relief smface of the Fukayama pastureland comprises Kitagawa dacites 

(we lded tuffs) . However, its stratigraphic view was reorganized drastically by Oba et al . 

(2009) : sediments on the low relief surface are an 句ect ion related to the fo1mation of the 

Onikobe and Nanlko calderas , and comprise the Ikezuki welded n1ffs (semi -consolidated) , the 

Shimoyamasato tuffs (about 250 ,000 years ago), the Nisaka n1ffs (60,000-80 ,000 yea rs ago) , 

and the Yanagisawa tuffs (40 ,000 -50,000 years ago) , from the bottom . The geological features 

exposed to both north -south foothills of the Fukayama pas 加工eland differ greatly. This is 

cons ide red to be true because a caldera rim is hidden undergro und of the Fukayama 

pasnireland. Grav ity anomaly measurements by AIST revealed a clear and sudden change from 

positive to negative at the nor 也 edge section of the Fukayama pastureland, which is regarded 

as coll'esponding to a part of the south rim of the caldera on the south foothills of Mt. 

Kurikoma. Most regi ons in the Fukayamadake area comprise the Hosokura fonnation of the 

M iocene, w ith Lacusu・ine depos its such as the Onomatsuzawa fo1mation piled up on the lake 

bas in fo1med by the caldera defo1mation of this Hosokura fonnation. Then , the hilly area 

compose d of the Hosokura fo1mat ion and the Onomatsuzawa fonnation had been filled since 

several hundred thousands of years earlier by sedimentation of the Ikezuki welde d tuffs and 

previously descr ibed layers to fonn the present low-relief surface. 

The whole study region has been eroded severely by dissection by branches such as the 

Onomatsuzawa Valley after the fo1mation of the low relief surface. Erosion is progressing by 

an arborescent river system. Under these circumstances , the role of the landslide is atu・act ing 

attention in the erosion activities of areas in which many landslide topographic areas are 

distributed. Especially , the ex istence of large-scale landslide topographic areas flowing down 

toward the Aratozawa Dam and the Onomatsuzawa Valley in the n01thwestem pait of the area 

has attracted attention . 

Figure 3.22 Gravi 汐 anomal y of the Caldera structure area by Geologic αl Surve y of Japan (Le 
αnd Mi yagi 2015c ) 
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Figure 3.23 Shadow image of the stud y area, established by 5 meter DEM (Le and Mi yagi 

2015 り

3.4. General environment of Vietnam and study area 

The s加dy area is located in central Vietnam along Ho Ch i M inh road , covering 

between 15°59 ’57.1 ”and 15°22 ’26.5 ”No11h lat itude , and between 107°37 ’36 ”and 107 °52 ’37 ’ 
East longitude . It s altin 1de is abo ut 400 -1 000 m above sea level. The sn 1dy area complises four 

districts (Dong Giang , Nam Giang , Phuoc Son , Dai Loc), covering an area of 1000 km2 with 

around 20 ,000 res idents. 

The study area has monsoon tropical climate. Everγyear , there are around 2,000 hours 

of sunshine on average. The sunny season is Apr il-A ugust, average annual tem peratures are 

abo ut 25.9 1°C. The highest temperanire is over 39°C in April , May, or June . The cold season 

only lasts for ・3 months : December , January , and Febrnary. The hot season lasts for ・6 months 

from April through September. 

Average annual ra infa ll is about 2,043 mm , although the highest rainfall was repo11ed 

as high as 3,800 mm . The rainy season lasts from September through November. Pa11icularl~「，

dur g the past 50 years (1961 一2008) ,more than 44 typhoons have affected the study area. 

Pea k stonn freq uency has been repo11ed for October and November. 

Tα ble 3・1 Number of typhoon s in stud y are α（QCVN 02: 2009 /BXD ・Vietn αm Building Code 

Periods Number of sto nns Per iods Number of sto1ms 

1961 -1970 8 199 1- 2000 5 

1971 -1980 11 200 1- 2008 6 

1981 -1990 14 
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Figure 3.24 Average rai η舟ll and temperature of the stud y are α：lα st 30 years ｝トom 2014 (d ，αta 
jトom w w1 机 clirnate -data .org -at Thanh Aの1weather station ) 

3.5 . General description of topography, geological features, weathering crust features , 

geomorphologic features of the study area in Vietnam 

Topog raphy 

The study area has to pography of gene ra ll y high relief , dominated by landfo1ms of high 

undulat ing mounta ins. The altin1de decreases grad ually from no11h to so uth and is classifiab le 

into three pai1s: mountaino us, hilly , and plain area s. Mo untainous areas occu py most of the 

tota l area (80%) altho ugh smaller shares oftenain are hills and pla ins. The northern pa1t of th is 

area is 凶 ongly dissected and steep , characterized by high mo untainous relie f with altitudes of 

600 -1 500 m . The highest mounta ins are 1674 m. The so uthern pait altitudes are 200-600 m , 

with relief feanires such as hills and vaifous alluv ial plains . The hi ll s ai・e dispersed between the 

mo unta ins and the plains. Surface mater ials range from stones through silts and clays. 

River and st ream systems have sho rt lengths and steep longitt 1dinal morphometr ies , 

which abrnpt ly change into gentle slopes in the plains. The study area has fo ur ma in rivers: A 

V uong , B ung , Giang and Cai River. 

Figure 3.25 Stud y αrea and distribution of lαnd elev αtion thro ughout the stud y αre α（detail 
relief established from DEM dα ta in ITST) 
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Geological features 

Geological features in the study area shown in Figure 3.26 care divisib le into four main 

gro ups as described below: 

Paleo 回ほ

ch剖g•< f•。m崎町山崎臨dd•d ＇。山ckly bedd 凶

and 田ntal惜 lense of ooa l lay 軒
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metamorphic r。cks・ 持 r聞四民同日制d magm 副 C
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Figure 3.26 Simplified geological map of st udy are α仰o Chi Minh ro αの向od 折ed from Le et 
αl, 2015d) 

M esozoi c: Th is area incl udes Nong Son, Ban Co, Khe ren , Huu Chanh , and Song Bung , 

with Song Bung fo1mations and Cha Val , Hai Van , Deo Ca complexes . It has Triassic to 

Jurassic sedimentary rock: conglomerate , gr itstone, sandstone, siltstone, mudstone , shale , 

Argillite. Geological strnctures exhibit m utually overlapping layered strncnires . It has a well -

defined bedding , changing from ve1y thinly bedded (2 cm m udstone) to thickly bedded (3 m 

sandstone). It consists of conglomerate, gritstone , sandstone, siltstone , m udstone , shale , and 

Argi lli te layers, containing lenses of coal layers. The sandstone is genera ll y fine to coarse 

gi 加ned ,conta ining high contents of qua11z and mica (Le et al. , 2015b). 

Pal eozoi c: This area includes A V uong , Tan Lam , Long Dai , Ben Giang - Que Son 

fo1mations , and Dai Loc comp lexes. It consists of metamorphic rock: sericite schist and gi・anite 

(Le et αl., 2015b). 

Geology in this area is divisible into two gro ups : metamorphic rocks and magmatic 

roc ks. 

- Metamorphic rocks are w idespread. They are included in Long Da i, A V uong, and 

N ui V u fo1mations , which are rich in qua11z components consisting of qua11z mica -schist , 

quartz ・sericite schist , quai1z ・fe ldspar schist , and sericite schist. 

-Maginatic rocks include the Ben Giang-Q ue Son fo1mation and the Dai Loc complex . 

These intrnsive gran ite magmas cons ist of gabbrodiorite , granodior ite, diorite , and quartz -

biotite -homblende diorite , as well as peginatite. 
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Preca mbrian : This area includes Kham Due fo1mations . They cons ist of hornb lende , 

quartz -mica , and biotite. Kham Due fo1mation ’s granite occupies almost all of this area , 

cons isting of medium to coarse-grained . The medi um to coarse -grained gran ite consis ts mainly 

of quartz , mica and biotite , sometimes with hornblende . The region is character ed by a ve rγ 

thick laye r of re sid ual soil and comp lete ly weathe red material with 2一I0 m depth . It is overlai I l 

ove r high and moderate weathe red material , at bottom of the rive r, granite bre aks into sma ll to 

medium blocks. This structu re is prone to sli de behaviors (Le et al., 20 15b). 

Q uatern ary: Thi s area includes quat emarγ depos its primarily in river valleys and 

plains , charactelized by incoherent textures , diverse components , abund ant material sizes , and 

fundamental alluv ial facies. It include s the Dai Nga formation （閃2 州 and cons ists of 

Tholei itic basalt and olivine basalt (Le et al., 20 15b) . 

Weathering crust features 

The study area has a tropical climate , which su・ ongly influences the weathe rin g process. 

Weathered materials are al so strongly involved in land slides be cause rapid weathe r g 

processe s that occur under humid conditions su・ong ly weaken and degrade re golith covers. 

According to Tran Tan Van (T ran , 2006) , the weathered crn sts in area show high 

divers ity deep , texture , landfo1m , chemical-minera l components, geochemical characteri stics , 

and olig in. The reason s incl ude the many different processes that create such weathering crn sts 

such as climate (u・ opical monsoon climate , hot and wet condition , long time of rainfall) , 

topography (mountains and hills , paleo planation surface, weather ing u・aces ), geology 

(existences of va r us geological stlu c加res) ,time effects in generation , and deve lopment of 

weathe r g crnsts the re. 

In each weather ing zone , weather ing products typically have m inera l components , 

stlucnires, and texnll'es that reflect the origin and the creation conditions of the weathering 

zone. 

The Me so zoic zone be comes slight ly to moderately weathe r吋 ，with shallow to 

moderate depth depending on li thology. The depth of the weathe1ing crnst layer is changeable 

from 10 m to 30 m. Sed imenta1y roc ks break into small to medium blo cks. Joints and fractures 

are we ll developed. The se crac ks combine with bedding plane open ings to provide moderate to 

high penneability (Le et al., 20 15b ). 

The Pa leozoic zone ha s differ 百 ice s of weather g among areas. The area between Prao 

town ha s high weather ing , sur fi cial so il laye r that is brown with high contents of clay and fresh 

roc ks observed at the bottom of the slope next to the rive r, it is quartz -se ri cite schi st and bi ot ite 

sch ist, belonging to the A V uong fo1mation. The depth of the high weathe1ing crn st is abo ut 

I 0-20 m . At other metamorph ic rock area s，出e degree of weathering is not as high as in the 

Prao town area , schists are vis ible at the slope . In th is area , sha ll ow debris slides , we dge 守pe

sli des and rock fall s are fl 刊 uent. For magmatic rocks , fracnrres and crack s are moderate ly 

developed. The upper part s of roc ks ma ss have changed to soil. The depth of th is layer is 

diver se, from I m to 3 m. Lower pai1s of rock s show a lo ss of su・en gth , with discoloration 

appeai・ed . Fracture s and cracks ai・e moderately developed with inegular spac ing (Le et al., 

20 15b). 
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The Precambr ian zone has high weathering. A surficial weathered materia l layer is 

reddish brown and is silty to sandy grained. It rapidly loosens with increasing amo unts of water. 

Granite rock masses break into small to medi um blocks , which are only observed at a river 

with depth of 10 -30 m lower than surface. Therefore, the depth of the high weathering crnst is 

greater than 30 m (Le et al ., 2015b). 

The Quatemarγzone has lake deposits (black reddish brown co lor with a weather ing 

level that is not so deep), w ith a bounda1y of the volcanic and lake deposits (blac k deeply 

weathered material , and many holes because of the lava gas. La ke sediments are deeply 

weathered and have changed to clayey mater ials (Le et al ., 20 15b) . 

Geomorphologic features 

The study area is an end of the Trnong Son range and the connect ion area of the Kom 

Tum massif. The no11hem part of the nation be longs to the Trn ong Son range , which is 

primarily an ancient c1ysta lli ne pla ぜonn. Dur ing Paleozoic and early Mesozoic orogenetic 

movements, th is solid pla ぜ01m was not folded , but rather dissected into a number of blocks 

uplifted into separate plateau of va1ying elevat ions. This zone is characterized by ve1y steep 

eastern slopes, resulting 白・om 組 extensive geologica l fault that split the so li d crγstalline blocks 

of the ancient plateau dur g the Triassic age about 200 mill ion years ago. In some places , 

faults represent ve1tical cl iffs that are more than 100 m high . This area is also characterized by 

nan ・ow, highly eroded canyons of ancient eroded c1ystalline rocks (mai 凶y granite and gne iss) . 

Rivers of this area are I羽her sho1t and rapidly dra ining . 

The southern areas are character ed by a wide plateau , consist ing of Dai Hong , Dai 

Chanh , Dai Thanh and Que Ninh wards , and Kham Duc town. Altitudes are r吋 uced from 800-

950 m to 400-500 m ranging from 600-800 m. Natur 叫 slopes are fa irly steep. This zone 

represents a peneplain of leveled Herc 戸iian fo lding of old sch ist and sandstone , large ly 

overlain by basalts of various ages (Tran , 2006) . 

3.6. Land slide disa ster s in the study area and surrounding 

The study area has a richly varied geologic composit ion with many stratigraphic unit 

and strata, rock have been found from Cambrian to Q uatemaiy and has also a tropica l cl imate. 

These features promote intense che 1nical weathering. The weathe1ing crnst is ext1 百 nely thick 

and has high ly diverse deep , texture, landfo1m , chem ical-lnineral components, geotechn ical 

character istics and differences among ai・eas. In each weathering zone , weathe1ing products 

句rpica ll y have structure , tex 加re, and mineral components and reflect or iginal rocks and 

creation cond itions of weather g zones. 

These features play an impo1tant ro le in ca using and promoting landsl ides in the study 

area. For example , in the Mesozo ic zone (between Prao and Thanh My) , geology cons ists of 

well-bedded sed imenta1y rocks and lenses of a weak layer (coal layer and m udstone layer) . 

Most landslides have occun ・ed as translational slides along the bedding plane and the weak 

layer. These weak layers are key factors controlling landslides in th is area. 

In the Quatemaiγzone , located on Kham Duc town , geological structures are usua ll y 

flat , includ ing lake deposits with exu・eme ly weak layers such as organ ic rich, peat and clayey 

layers , and volcanic rocks: with intl1 1ded basalt consolidate hai・d and heavy rock. The lake 
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deposits are black reddi sh brown but the weathering level is not so deep . The boundary of the 

volcanic and lake depo sits is black deeply weathered materia l, with many holes becau se of the 

lava gas . Lake se diments are deeply weathered and changed to clayey material s. Land slides 

occur as rotationa l slides along liver side slopes , with a complex of small to surface landslides 

and so il creeps. 

In Paleozoic : The geology of this area is divi sib le into two groups : metamorphic rocks 

and magmatic rock s. 

- Metamorphic rocks are w idespread, included Long Dai , A V uong , and Nui Vu 

fonnations , which are rich in quartz components consi st ing of qua11z mica- sc hist, qua11z-

sericite sc hi st, qua11z ・feldspar sc hist , and sericite sch ist. 

- Magmatic rock s include the Ben Giang-Que Son fo1mat ion and Da i Loc complex. 

The se intrn sive granite magma s consist of gabbro -dior ite , granodiorite, diorite , and quartz-

biotite-homblende diorite , pegmatite . 

Character istic s of landslide s in 由is area depend on the degree of weather g. On the 

metamorphic rock area, wh ich ha s high weathering, mo st land slides occur at high and deep 

weather g la~「ers and are classified as slu mp s. At moderate weather g areas and magmati c 

rocks , landslides are small. They might be cla ss ified as shallow debr is slide s or debris flows 

and wedge 句rpe slides . Debr is slides occur at the top of the weather g crnst: reddi sh brown 

so il and ha s high content of clay . The lands li de at Nl 5。55 ’59.3 ”E 107 。32 ’17.4 ”is旬pical of 由is 

句rpe. A wedge 守pe slide occurs at slightly weathered rock s. In that layer , there are many 

cracks in di 旺er 百 it directions. The landslide at N 16°04 ’50.4 ”E 107 °29 ’17 .2”（Fig . 2.11 ) is 

句rpica l of this land slide type . The landslide at N16 °05 ’11.8 ”E107 °28 '16.6 ”is a complex 

combinat ion of multiple wedge sli de s. 

In the Precambrian zone: This zone is fonned by gran ite rock , belong ing to the Kham 

D uc fo1mation , of the Precambrian age. Granite has undergone inten sive tropical weather g 

proce ss, creating a profile with var iou s characteristics and thicknesses. Surficial weathered 

mater ial layer is reddish brown and is silty to sandy grained . It rapidly loo sen s w ith increa sing 

amounts of water. Granite rock mas ses break into small to med ium block s, these block s are 

only observed at rivers with depth that is 10--30 m lower 也知 the surface. Therefore , the depth 

of the high weather ing crnst is grea 町 than 30 m . 

Most landslides in th is area are small to med ium size. They are strongly assoc iated with 

weathered material. The se types of landslide s are rotational slide and debr is flow slides , 

occ uning in inten se and heavy ra ins. Dur g that time , it sa turate s resid ual soil. Landslide 

mater ial is porous and friable. It enter s streams , fo1m ing a debris flow . In the rotational slide , 

the ma in sc arp ha s a tendency to be vertical. 

Generally , landslide s are abundant in thi s study area. Field survey s have revealed 

numerou s land slides . They are cla ss ifiable into six 守pe s: rock fall s, rotat ional slides , 

tran slationa l slides , debris slide s, debr is flow s and ea11h flow s, and wedge type slides. 

Rock fall s 

Rock falls are abrnpt movements of ma sses of geo logic material s, such as rock s and 

bou lders , which become detached from steep slopes or cl iff s (http :// pubs. usgs .gov ). Sepai 羽 ion
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occurs along di scontinuities such as :fractures , joints , and bedd ing planes . M ovement occurs by 

free ・fall ,bo uncing, and rolling . Rock falls are ve1y rapid to extr 百 nely rapid mass movements 

（企om m/m in to n山）. Rock falls are influenced strong ly by gra vity , mechan ical weathering , and 

the presence of interst itia l wate r. In the sn 1dy area , rock falls were found in Paleozo ic zone. 

Figure 3.27 Rockfall (photograph by Lり

Rotational slides 

Rotational slides occ ur where the surface of mpture is curved concavely upward and 

the slide movement is rough ly rotational abo ut an axis that is parallel to 出e groun d surface and 

transverse across the slide. These often invo lve combined processes of ea1th movement 

(rotation of a block of overburden over a broadly concave slip surface, or slump) . Rates of 

movement range from extreme ly slow (mm/year) to rapid (m /s). In the sn 1dy area , we usuall y 

observe this 守pe in a high weathering zone. 

Figure 3.28 Rotational slide (photograph by Lり

Translational slides 

Translat ional slides occur where the landslide mass moves along a rough ly planar 

smface with little rotation or backward-tilting. A block slide is a translational sli de in which the 

moving mass consists of a single unit or a few close ly related units that move downslope as a 
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coherent mass . Movement rates range from rap id (1凶m in) to extremely rap id (mis) and are 

usuall y initiated below the surface . Most sl ides of this type occur in the Mesozoic zone . 

Figure 3.29 Translation αl slide (photograph by Lり

Debris flows 

A debris flow is a fo1m of rapid mass movement in which a comb ination of loose soil , 

roc k, organ ic matter , air, and water mobilize as a sluny 也at fl ows downs lope . Debr is flows 

include <50% 白nes. Debris flows are commonly caused by intense surface -water fl ow , because 

of heavy prec ipitation , that erodes and mob il izes loose soil or roc k on steep slopes. Debri 

flows also common ly mobilize from other 旬pes of landsl ides that occur on steep slopes , are 

nearly saturated, and consist of a large pro po1tion of silt -sized and sand -sized materia l. Debr is-

flow so ur ce areas are often assoc iated with steep gullies ，組 d debris -flow deposits are usually 

indicated by the presence of debris fans at the mouths of gu lli es. Fires that den ude slopes of 

vegetation intensify the suscept ibil ity of slo pes to debr is flows . 

Debris flows commonly follow existing dra inage ways or li near slope depressions 

created by past landsl ide act ivity, al血ough not necessari ly. Debr is flows tend to increase in 

vo lume downstream. Rates of movement range from rapid (m/m in) to extr 百 nely rap id (mis) . 

Figure 3.30 Debris flo w (photograph by Le ) 
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Debri s slides 

Debris slides are defined as low or rapid flow-like movement of loose dry , moist or 

subaq ueo us, s01ted or uns01ted granu lar material, involving or not invo lving excess por ト

pressure or liquefaction of material originat ing from the landslide source . The material might 

ran ge from loose sand to loose debr is （自11 or mine waste) , loess, and silt. 

Debris sli des are rapid , shallow landslides from steep hills lopes . Movement be gins 

when the overburden slides along bedro ck or along other layers w ithin the overburden, hav ing 

higher strength and lower permeability. Debr is avalanches become debris flows if sufficient 

water is present. Such avalanches cause the rapid downslope transport of a sluny of soil , rocks, 

and organic mater ial (collectively called debr お）dire ct ly to the valley floor and occasionally to 

stream channels . 

Wedge type slides 

Wedge 守pe sli des are defined as sliding of a mass of rock on a planar rnpture surface , 

or a wedge of two planes with downs lope-or iented intersection . The rnp 即時 surface rnight be 

stepped . No internal defo rm ation occurs. The slide head rnight be separate from stable rock 

along a deep, vertical tension crack. U sually, it occurs ve ry rapidly. Figure 2.11 is typ ical of 

this 守pe. Figure 3.32 is large sca le wedge 守pe ,which combines multip le small wedge ザpes .

Figure 3.31 Debris slide 
(photograph by Le ) 

Figure 3.32 Wedge type (photograph by Le ) 
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CHAPTER 4. LANDSLIDE INVENTORY AND MAPPING 

4.1. Theoretical framework 

Before di sc uss ing landslide inventorγmap s, one m ust defined one: a te1nin map 

showing a distr ibution of ex isting landslide s. Such maps can include diverse data related to 

pa st land slide occunence , such as location , date of occunence , activity, and physical prope1tie s 

of landslide s in a reg ion (Fell , 2008 ; Pa se k, 1975 ). These maps play a key role in di sas ter 

management and dsk assessment. They m ight provide scient ific data fo1 ・applied land slide 

re sea rch. 

According to Guzzetti (G uzzetti , 2005) , identification and mapp ing of land slide s should 

derive from all of the follow ing assumptions . 

i) When landslide s occur , they leave di sce rnible sign s, most of which can be 

recognized , cla ss ified , and mapped from aeria l photograph interpretation. The se 

morphologica l signs refer to changes in fonn , position or appearance of the 

topographic surface . Other signs induced by a slope fa il ure m ight reflect 

litholog ical , geological , land use, or other 守pe s of surface or sub- surface 

change s. 

ii ) Morphological signs of landslide depend on the type and rate of movement. In 

general , the sa me type of landslide will produce similar signs. The 

morphologica l sign s left by a land slide can be interpreted to asce1tain the extent 

of slope 白il ure and to infer the 守pe of movement. From the appearance of a 

land slide , an expe1t or morphologi st can also infer qualitative infonnation of the 

probability of land slide re ・occu 江ence.

iii ) Landslides do not occur rando 1叫y Slope fa il ures represent the res ult of the 

interplay of phy sica l process. 

iv ) For land slide s, we can adopt a princip le that follow s from un ifo1m itarian ism . 

The principle implie s that slope failures in the fut ure will be more likely to 

occur under the conditions which led to past and pre sent insta bil ity. Mapp ing 

recent slope failure s is impo1tant to elucidate the geographica l distr ibut ion and 

anangement of pa st landslide s. Landslide inventory map s are fundamental 

infonnation to help forecast 也e 印刷re occun ・ence of land slides. 

4.2. Landsl ide recognit ion 

Aerial photograph s have long been used to provide land-use info1mation and 

topographic infonnation for many engineering purpo ses . Land slide topographic area 

recognition ach ieved wide recogn ition as a so urce of land slide info1mation. Land slide landfo1m 

infonnation of many kind s can be obtained from aerial photograph s. 

Land slide s can be recognized and mapped using vario us techniques and tool s. In thi s 

study, interpretation of stereoscopic aer ial photographs is used to ident ify and map landslides 

because it is an intuitive process that req uires no sophisticated technological skill. The 
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technology and tools nece ss aiγto interpret aerial photographs are simple and inexpen sive 

compared to tho se of other methods (G uzzetti , 2005 ). Fmthennore , when landslide s occm ，出ey

alter the local topography of the land surface and leave di scernible si 伊 s in compar ison to the 

sunounding ai・ea s. Mo st such sign s are morpho logical , invo lving changes in the shape or 

appearance of the topographic surface. They can be recogn ized , cla ssified and mapped through 

the interpretat ion of (stereo scopic ) aeria l photographs (Rib and Liang , 1978 ; Han sen , 1984a , 

1984b ; Hutchin son , 1988 ; Baum , 1999 ; G uzzetti et al ., 2012 ). A skilled aerial photograph 

interpreter , by observing vaifous element s on a photograph , can identi ちr nmnerou s gro und 

condition s (e.g・.，material type , drainage ) that are indicative of potentia l or pre sent land slides. 

Numerou s feanire s di scern ible on aerial photographs al so aid in the identificat ion and 

interpretation of land slides and land slide proce sse s. Some of these are the fo ll owing : scarp s; 

ilTegulai・ or hummocky topography below scarp s, at the body ; bare linear track s oriented 

down slope ; fre sh rock expo sure ；宜esh rock accmnulation at 也e slope base ; di sordered 

vegetation and di sananged drainage. Aerial photograph example s and a li st of basic features 

are useful for identi ちring land slides and tena in that might slide. 

Figure 4.1 pre sent s typical aspect s of each part con stin 1ting the landslide topography . 

They he lp interpreter and morpho log ists can understand and interpret the morphological 

signanire left by the land slide. Of course , landslide topography is diverse and is 叫 usted by 

time and erosion proces ses (Figure 4.2). Ob servational data from aer ial photograph 

interpretation range from obvio us to subtle . Morpho logi sts mu st classi か land slide

morphological fonns based on exper ience and based on the analy sis of chai・acteri stic s 

(s ignature s) that ai・e identifiable on the image s. 

Fig ure 4.1 Typic al of eαch p art wh ich co nstit ut es lan dsli de topogr aphy (Varn es, 19 7砂
This fig ure sh ows ぴp icαlaspec ts of each par t co nstitu tin g land sli de topograp hy 

F igu re 4.2 La nds lid e topow 戸ap hy wαsα djust ed by ti me and ero sio n pro ce ss (Kar l, 2006 ). 
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Mo ゲ wlogical changes of landslide topograph y over time , at the first stage 川 en landslide 
occurred mo 中 hological features are ve η clear 件z），αnd by time and erosion process 

morphologic αlj 切tures become to be more vague 伶→の

Herein, we will outline the basic features used fo1 ・identi 町ing lands li des and potential 

te nain slides. Interpretation will begin w ith observat ion , ident ification , and measurement of 

features on photographs. When examining aeria l photographs, the si 伊 ificant recognit ion 

elements are the rela tive photographic tone , co lor , texture , pattern, and shape, in addition to the 

assoc iation of features. Therefore , we m ust use these elements to re cognize ex isting landslide 

topographic areas . They are common ly identified based on morpho logy, vetgetation cover 

character istics and drainage characteristics 

Regarding to m01 戸wlogy :Identify ing the landfo1m -mo1pho logy common ly identi fi es 

the natural process 也at fonned it. It is the 白rst element used to recognize ex isting landsl ide . 

Features related to these elements are concave---<:onvex slopes, hummocky relief , step -li ke 

mo1phology , back tilting of slope faces, semicircu lar niches , and steep slopes (Figure 4.3). For 

examp le, in a plan including landsl ide blocks , clear scaip , and depressions behind blocks , a 

block may be bac k- til ted w ith an inte1mediate sca1p or cracks in the middle of the body (Figure 

4.3 ・c); In profile , it is a concave -convex slope. Therefore, it m ust be a rotationa l slide. When a 

landslide occurs , landfo1ms at the landslide body are disordered, prod ucing hummoc ky relief. 

These features are extremely impo1tant to recognize existing lands li des . A lternative ly, when 

the re is a sudden change in gradient of slope (Figure 4.3 ・t); it might be a sca1p : a landslide 

featuI ・e. Cracks might be observed on aerial photograph inte1pretation (Figure 4.3 ・e) based on 

changing of the graph ic color and tone. 

、、、・・．．ー

Concave - convex slopes 

H ummocky re li ef 

Step- lik e mo1phology Bac k tilting of slope faces 

Cracks fo1mation Steeping of Slo pes 

Figure 4. 3 Morphologic αl characteristics of landslides 仰odifiedj トom rそferenced data ) 

Vegetation ch αracteristics : These include disorder of vegetation , partly dead vegetat ion , 

differences of vegetation inside and outside of the landslide area, and disrnpted vegetation 

across a slope. Compared with mo1phology and drainage chai・acter istics , vegetation as an 

element has been regarded as difficult to inte1pret because it is infl uenced by cli matic factors 

and the so il 守pe. For example where ab rn pt changes in soil conditions exist , vegetat ion 

changes w ill also occur. However , distrib ution patterns of trees and shrnbs contr ibut e to 
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landslide interpretation. These character ist ics demand attention when interpreting aerial 

photographs : disorder of vegetation, part ly dead vegetation , differences of vegetat ion inside 

and outs ide of landslide , and disrupted vegetation cover across a slope . 

Drainage characteristics : These include disananged drainage and anomalies in a 

drainage patterns , zones with stagnated water , seepage zones or well appearance , excessive ly 

drained masses . These are easy to recognize from aerial photographs because they contrast 

with not failed slopes . At first, we view the drainage arrnngement, a dra inage li ne broken or a 

zone of stagnated water making pond at slo pe means that the area probab ly is a landslide. 

Another examp le is slopes dissected by gullies or canyons, wh ich usually indicates linear 

features. Such areas are suscept ible to debr お flows.

Landslide and lands li de topograph ic areas are general terms invo lving downslope 

movement under gravitational influence of soil and rock mater ials. Accord ing to Cruden and 

Varnes class ification (Varnes , 1978) (Tab le 4・I) ,lands lides of 16 守pes are classified based on 

旬pe of movement and type of material. In this classification, many kinds of material are 

involved with different modes of movement. In this sn 1dy , it was difficult to determine the 

mater ial type using aer ial photographs so the categor 包ation of slope movements is not as 

deta iled as per the Cruden and Varnes classifications system. Details of each classification will 

be discussed in the fo ll owing parts of th is thesis. 

Type of material 

Type of movement 
Bedrock 

Eng ineer ing so ils 

Predominantly coarse Predominantly fine 

Fa ll s Roc k fall Debr is fa ll Earth fall 

Topp les Roc k topple Debris topple Earth topple 

Rotational 
Sl ide Roc k sl ide Debris slide Earth slide 

Translat ional 

Lateral spreads Rock spread Debris spread Earth spread 

Flows Rock flow Debr is flow Earth flow 

Comp lex Comb ination of two or more principa l types of movement 

4.3 . Results of landslide mapping at Fukayamadake area, Japan 

The stereopsis interpretation of a color aer ial photography filmed in 1976 of the slope 

movement situation was conducted in this whole ar・ea . From it , a slope movement situation 

prediction chart was prepared. The reason for adopting the photographs taken in 1976 is the 

follow ing. The Landslide Distrib ution Maps compiled by NIED are contact-printed images of 

1/40,000 scale from monochrome films taken by the U.S. military ; they are unsuitab le for ・

interpretation and extraction of small -scale landslides (Oyagi et al. 2014). However , contact-

printed color photographs taken in 197 6 are presumed to have been taken soon after the 

vegetation of the whole Fukayamadake area was modi 白ed into a pasnrre . In addition , because 

they had a sca le of 1/10 ,000 , microtopographic features were regar・ded as easy to comprehend. 

Furthermore , Google Earth(R) images and the information of the 5 m Digital Elevation Mode l 

(DEM) by the Geospatia l Informat ion Authority of Japan were used properly to el ucidate fine 

characteristics of gro und surface cond itions. 
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Many characteristics pres umed to have been fo1med by landslides were observed 

aroun d the Fukayama pastureland , wh ich we re re cognized as landslide topographic area s. 

Man y lineaments we re also found on the so uth slope of the pasnire land. Although all local 

areas show int rn sion by arborescent dissection valleys , the rel ative age of topographic areas 

was dete1m ined by the degree of eros ion of lands li des and lineament topographic areas by a 

dissection va ll ey . The interpretation results are presented in Figure 4.4 . It s outline is presented 

be low. 

4.3 .1. Distribu tion of landslide topographic areas 

No landsl ide defo1mation strncnire was obse rved in the whole area of Mt. H itsugamo ri 

located m 也e easternmost end of the whole pasnireland , except at the so uthern slope . However , 

most other slopes aro und the pasnireland are cove red with landslide defo 1m ation . The sca le and 

morphological character ist ics of each landslide defo1mation is wi del y dive rse. The largest -

scale landslide to pographic area in the whole sn 1dy re gion is in the no11heastern area of the 

pasnireland (LS I). Th is landsl ide was the largest in many large ・scale landslides concentrated 

aroun d the Aratozawa Dam, which has an area of abo ut 2.0 km2. Presumably, the lower ha lf 

moved east -no11heastward , i.e. , toward the Aratozawa Dam and the Onomatsuzawa Valley , 

whereas the upper ha lf moved most ly no11hward in the direction of the Onomatsuzawa Valley 

(Le and Miyag i, 20 15c) . On the outb rea k of the Iwate-Miyagi Naidku Earthquake (he rein after , 

the Nairiku Eai1hq uake) in 2008, surface fail ur e occuned at landslide sca rp s at its tip and 

bottom ha lf. The en d of th is landslide is in contact with the Aratozawa Dam lake and the 

Onomats uzawa Valley , where secon da1 y defo1mation occu ned frequently. Th is landslide 

topographic ai・ea is an object for lands li de hazard assessment by Miyagi Prefecnu ・e,which 

assigned 82 points as its dsk score. This value suggests 也at 也is landslide is still in motion . 

In some spots whe re lands li des concen trate also on the south of the study region (LS 2・

4), these landslide to pographic ai・eas are of a scale of several hectares or less. Their intensity is 

as great as seve re fa ilure of the va ll ey side slopes of a dissection va ll ey . A landslide occurs 

occasiona ll y in the south valley of the pasnireland . Interv iews with comm unity residents re veal 

that it is geologically wea k. Moreover , a fie ld survey confilmed steep landslide sca rp s and 

small-scale falling , wh ich suggests recent movement. 

Distrib uted sites ai・e concentrate d by large-scale landslide topographical are as (LS 5- 7) 

and sma ll -scale landsl ide topog raphi c ai・eas (LS 8-10 ) on other neighboring slopes of the 

pasnireland. It is notewo11hy that LS 5-10 is not shown in the Landslide Distrib ution Maps by 

NIED , and that LS 11 -1 3 are landslide groups regarded as active at present. 

LS 5-7 are areas whe re an arborescent dissection valley is prominent. Never 也eless

interpretation using the aerial photograph of a large ・scale reveals characte1istic 

microtopograph ies eve 1ywhere . Microtopography is an isolate d and small -scale hill. 

Presumably , it is a moving bloc k split by a lan dsl ide beca use eros ion by a dissection valley 

never fo1ms an isolated topography in the middle of a slope . Such isolated bloc ks are denoted 

in the figure as a point. LS 5-7 are presumed as an old landslide topography su bd ivided by a 

dissect ion valley. 

LS 8-9 are lands li de topog raph y gro ups of small and medi um scale covered with a 

forest, altho ugh they are diffic ult to observe . These lands li de topographic areas are moving 

towar d the dissection valley of a li neament representing the mov ing direction. 
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4.3 .2. Distribution of lineaments 

Numerous li neaments w ith a long itudina l axis along the northwest -so utheast have 

developed in the southwest half of a low re lief surface that constitutes the pastureland. Because 

a lineament is a mere linear morphology , it is im po1tant to asce1tain what each linear 

topography sign ifi es. Charactedst ics of these lineaments are presented be low . 

L1 , the most prom inent lineament in the region , comprises extr 四 nely straight ridges: 

valleys , slopes , and mountain streams that extend along the northwest -so utheast. This 

lineament is characterized by a va ll ey side slope on the left bank of a mountain stream , the 

dissect ing valley of which has rema ined almost unaffected by eros ion except for ve1y small -

scale surface fail ur e. The mountain stream also flows almost straight. The mountain stream of 

an extens ion of abo ut 2 km is the trace of the lineament. Relat ive height of about 40 m of the 

valley side slope at the southeast end of 出e downstream declines gra du all y n01thwestward , 

eventually disappea rin g. It is notewo1thy that landsl ides occur frequent!~「 on the nor wester ] l 

extension of this lineament. 

L2 is a dissection valley extending southward from LI. This dissection valley is 

extended on a longit udinal axis alon g the n01thwest -so utheast, is mostly par 叫lel to L1, and is 

longer than L1 by about I km . Many developed dissection valleys join the mountain stream of 

the extension whe re the seconda1y defo1mation by the erosion after lineament fo1mat ion is 

prom inent. 

L3 -L8 are small -scale level differences where neither a mountain stream nor an 

eros ional valley is observed. Photograph ic interpretat ion raises suspicion of sma ll- scale 

a1tificial modification. 

Figure 4.4 Distribution of landslide topograph y, line αment , and er αcks αt the αre αof 
Fuk αyαmαdα kepl αteau , Mt . Kurikornafoot slope, Mi yagi Prefecture , northe αstern Japan (Le 

and Mi yagi , 2015c ) 
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Figure 4. 5 Stereo αerial photograph pαir (CTO ・76 ・13 ・17B ・23 & 24 ) showing landslide LSI in 
Figure 4.4 

Figure 4. 6 Aerial photograph of the stud y area presented in Figure 4.4 

4.3 .3. Cracks 

Several crac ks ex ist at two locations. O ne is im medi ate ly above the LS 8 and L 8. One 

of two open crac ks is a 旬pical circu lar crac k open to 出e LS 8. It is 2 m long , 5 cm w ide , and 

m ore than 1 m dee p. Apparent ly, the pheno m enon of the ear ly stage of land defo1m ation is the 

extension of LS 8 (Figure 4.7 ・6; 4.7 ・7) .The other concentrated area is located betwe en the LS 

5 and L 1. Five cracks can be fo und there. A sma ll bog is also located at L 1. The largest crack 

is 20 m long , 20 cm w ide , and m ore than 1 m deep . It str 百ches n01thwest to southeast in 

paralle l w ith Ll . 
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Figure 4. 7 Field evidence of the lα ！ndslide relatedfe αtures αt Fuk αyarn αdake αre α（Le α！nd 
M; yαrgi , 2015c ): 

1: Aerial vie w of the target αre α. LI and LS9 rn αrked of the photograph ; 2: LS5 landslide; 3: 
southwestern side sc αrp of LI ; 4: slip surfi αce ofLS5 (i αlso former sUp surface ); 5: sip surface 

ofLS8 ；α！nd 6 α！nd 7: cr αcks on the plate αu ne αr LS5 αndLS6 

4.3.4. Di scussion of landslide development with special reference to the caldera rim 

Landfonns of the sn 1dy area are character ed by low relief surfaces , landslide 

topography , lineaments, and cracks . A series of fie ld surveys was conducted to elucidate the 

mechanisms fonning these topographic feanires 

After the earthqua ke at this site in 2008 , sma ll smface fa il ures were observed (Yagi et 

al ., 2008). However about 1 year later ，社iere occuned a landslide of 50 m width , 50 m depth , 

and 15 m thickness in pumice tuffs. The landslide body was crushed severe ly to flow down for 

several hundred meters as a mud fl ow. 

The LS 5 landslide looks as a fresh lands li de triggered by the ea11hquake. However 

observat ion over the slip smface reveals a rusty redd ish th in layer with innume r油 le

extensively developed linear grooves or gouges. Therefore , this lands li de is pres umed to be 

fonned by a process by which iron was accmn ulated near a sli p plane in an ear li er lands lide. 

The uncrushed po11ion of the landslide body was reactivated and subdiv ided after the 

ea11hquake. Such a sma ll- scale landslide occ un・ed also adjacent to LS 5, so 血at many cracks 

are observed all part of beh inds of LS 5. Some crac ks are not connected directly w ith LS 5, but 

extend along the no 11hwest -southeast. It is located on the no11hwestem extens ion of lineament 

L l. 

Distrib ution of a ser 冗s of phenomena exp lained above in the ground surface state 

suggests interest ing lands li de phenomena in re lation with the caldera iim modificat ion (Le and 

M iyagi, 2015c) . 
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T opo graphi c and ge ol ogica l cr oss sect ion s across land slid es and lin ea m ent Ll 

Many li neaments are observed to extend along the northwe st-so uthea st in the 

westernmost end of the st udy region. The sharpest and large st is L1 ; L2 is to it s south and 

par 

secondarγdefonnation of a di ss ection va ll ey. L3 -L8 are on the slope between L1 and the low 

relief surface . All are sma ll -sc ale and ambiguo us. However , some might be related to 出e

expan sion of LS 5 or a land slide gener 刻 ion in the neighborhood. Accord ingly , two topographic 

cro ss sections from Ll to the low relief surface are ass umed . For deeper understanding , the 

observed microtopography is associated with conditions such as a lineament , a crack , and 

change in ground surface s. 

C ro ss sect ion A -B 

Figure 4.8 present s a topographical and geologica l cross section pa ss ing 宜om Ll 

thro ugh LS 3,5. The topography was prepared from the 5 m DEM. The cro ss section of L1 is 

recognized as the linear channel , but the side slope is pre sumed to be extremely unsymmetrical , 

as described above. The right side slope has a smooth but steep slope consi sting of hard lapilli 

tuff s with relative height of 25 -30 m . In contra st，也e left bank is a gentle slope of 15 deg or 

les s and hummocky . Thi s slope is so overly humid that gullie s and subso il water are observed 

eve1ywhere. A pa1t of the slope is accompanied by a small-scale hor seshoe- shaped cliff with 

radiu s of abo ut 50 m . 

The geology of pa stureland is assumed by the we ll boring core . The top 10 m layer is 

Plei stocene weathered pumice n1ff , with ande sitic welded n1ff s. There are 加ffs undemea 血，

with inter stitial sil tstone at several depths. The tuff breccia as the hard tuffs and volcanic rocks 

underneath conespond to the Ho so kura fonnation as the member of Miocene marked to about 

100 m deep. The slope of the n01th side of pa stureland compri ses lacustrine depos its , tuff s, and 

pumice tuff s deposited. The lacu strine one is a typical se diment of the caldera. Thi s po1tion 

meet s the slopes of LS3 and LSS. 

The L1 is pre sumed as the huge crack or a main scarp of large sc ale land slide. Actually , 

L1 is establi shed by the large scale ma ss movement , but is linear down cutting the channel. It is 

therefore con sidered unrea so nable to assume that “There is no occunence of surface condition 

change such as a land slide on the so uth of the caldera wall becau se of it s strong geolog ical 

feature s”． 
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Figu.re 4.8 Topogr aphical and geological cross section passing from LI through LS 3,5 (Le 
αnd Mi ya gi , 2015c) 

C ro ss sec ti on C -D 
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A characteri stic microtopography is assumed to be tension cracks aligned n01th -so uth 

on the west of the low relief sur face of the pastureland. No not iceable land slide topography 

was confinned in the neighborhood . However crac ks and two hor seshoe -shaped cliff s assumed 

to be a land slide revealed by the aeria l photograph interpretation and field survey. Fig ur e 8 

po1tray s the survey result. At the toe slope of LS8 , the slip surfaces and flow mo und was also 

identified . These finding s suggest 出at the left ban k slope was fonned by the freq uent 

occmTence of sma ll- sca le and sha ll ow land sli de s. The LS 8 is a 守pica lcase. The LI right bank 

of LI channel retain s a steep slope with no secondaiy modification , but the slope size increa ses 

to 40 m. 

This cross se ction revealed topographical and geological phenomena similar to tho se on 

the A -B cross sect ion: slo pes on both side s of Ll are extreme ly uns 戸nmetrica l. The slope 

adjacent to the right bank is a ve1y smooth and stee p slope, with a relative height of as much as 

40 m and an inclinat ion of 40-45 deg . However , the left bank compr ises a typical landslide -

句rpe half -cmshed roc k lmnp. The land slide and related phenomena ai ・e distributed wide ly. 

Fm 也e1more ,the low re li ef surface of the past ureland is above the upper landsl ide topography . 

A small and clear crack on the slope side of th おlow relief surface is regarded as having been 

fo1med by ten sile su・ess forces . 

No 
C Landslide Fukayama Landslide landslide 
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Large scale hidden land slid e area and th e moving direction 

Fig ure 4.9 Cross profile αt LS 7,8 are αs 

4.4 . Result s of landslide inventory map in Vietnam between Prao and Kham Due 

4.4.1. Land slide topographic area identified and its m apping 

In thi s study ai ・ea, we recognized and cla ss ified the ma ss movement s of flowing five 

旬pes :(i) rotational slide (RS) , (i i) translational slide (TS) , (ii りcomple x/co m pound slide (CS) , 

(iv) debris slide (DS) , and (v) debr is flow (DF). Among the se 守pe s, there are three types 

(rotationa l slide , trans lational slide , compo und slide) that are clas sifiable by their topographic 

features : main scarp , lateral scarp , and landslide body. Two other types (debris sli de , debri s 

flow ) can be identified only by 出e to pographic feat ure s of the body of the feat ure in Figure 

4. 10 (Le et αl., 2016). 
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i) Rotat ional slide 

+ La ndsl ide blocks recog nizab le 

÷Body is fo rme d by blocks 

+ Depress ions behi nd block poss ible 

+ No disi ntegrat ion of bloc ks in flow lobe s 

ii ) Trans lat ional slide 

''"' " "'" .. 主的f
a bo υndO 'Y of m ovin g 

+ Move m ent ofte n alo ng cl ea rl y defined 

iii ) Compound slide 

fa ilure surfaces + Co m bi nat ion of rotat ional and 

+S lip surface are alm ost planar tra ns lat ional movements 

+ No back- ti lt ing of blocks 

+ Block size decreas ing w it h larger distance 

iv) Debr is slide v) Debris flow 

+ Blocks may be bac k-tilte d ÷Blocks are deformed into flow -lobe ÷Mass movement took place as flow 

÷Inter m ed iate sca rps / cra cks poss ible dow nslope + Flow lobe may exte nd far from scarp 

Figure 4.10 Features for landslide typology in study are α向odifiedj トom Wes ten , 1996) 

To ident iちrand classi 町each type of landslide, here I described the geomorpho logical 

features of five types that have enabled us to class ify mass movements of different 句rpes in the 

study area : 

Rot ation al slid e: A rotational slide is defined as a sliding of a mass of weak rock, soil 

on a cy li ndr ical or other rotationa l rnpnire surface (Old.rich H ungr , 2013). The slide movement 

is more or less rotational about an ax is that is parallel to the contour of the slope. The body is 

fonned by blocks and is generally eas ily recogn izable. There is no disintegrat ion of blocks in 

the flow lobes . They incl ude spoon -shaped ilTeg ular landfo1ms. The morphology is 

characterized by a prominent ma in scarp and a characteristic back -tilted bench fo1med at the 

head of the slide. In the stereo -pail' image from the aerial photographs (shown in Figure 4.10 ・i) ,

the block is extremely clear , hitting and blocking the stream . Depressions exist behind the 

block, w ith ponding in niches of the back -tilting area . 

Of course, not all lands li des have these feanires attiibutable to postevent weather g, 

eros ion processes , and the type of landslide material. For landslide No . 95 (Figure 4.11) , th is 

has a sem il unar crown and lobate frontal pa1t . The scarp is curved and slightly concave upward 

and the slope is characterized by concave (niche) - convex (nm ・out lobe) fo1ms . These 

morphological feanires are spec ific character istics of a rotational slide . 
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Figure 4.11 Stereo pαir aeri αl photograph (D2 ・99 ・06 ・415 & 41 のshowing α汐pical rotational 
slide (Le et al ., 2016): 

the upper panel shows stereoscopic image of landslide; the lower panel is a sketch of landslide 
on photographs and topographic maps 

T ra nslational slid e: A translational slide is a sliding mass of rock or bloc k of cohesive 

so il that moves across one or more incl ined planar rn pture smfaces (Oldrich Hungr , 2013) . In 

the case of rock , planar sl ides us ually invo lve dip slopes that have been underc ut by erosion or 

excavation. The slide head might be separating 宜om stable rock along a dee p ve1tica l tens ion 

crack . In the case of a so il planar slide, it is likely contr ひll ed by a weak layer, inclined at an 

angle exceed ing the angle of rep ose. Before tota l failure , tension cracks often fo1m dur ing 

init ial disturbance. Dur g and after 血e fail ur e event , the sliding mass separates from stable 

so il along these tension cracks and leaves a fresh sca rp , thereby fo1ming a gr油 en (Le et al ., 

20 16) . 

The main scarp is not a slip surface. The side scarp is just a bo unda1y of movement 

because that is a detachment between the body and the stable zone (Fig ur e 4.10 ・ii). The slip 

smface is shallow, the rnn ・outhummocky rathe r chaotic relief , w ith the block size decreas ing 

with distance (Le et al. , 2016) . 

In the so ur ce area and along the movement pathway , the vegetation is den uded, often 

with li neation in the direction of movement. In comparison with a rotational slide, no ponding 

exists below the crown; surface dra inage is either disordered or absent on the body (Soeters 

and Van Westen, 1996 ）.百 ie scarp is clear and is often elongated with no back tilt ing of bloc ks. 

Figure 4.12 shows a typical tr 羽 is lational sli de in which a weak layer overlays a planar rock 

fo1mation. At the head of slide, the separate stable soil and sliding area can be reco 伊 ized

easily . The slip surface is almost planar. Debr is accmn ulates at the bottom of slope defo1m ing 

the liver ・（Le et al ., 2016) .. 
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Figure 4.12 Stereo aeri αl photograph pα ir (D2 ・99 ・06 ・415 & 41 のsho w ing αぴpica/
transl αtional slide (Le et al ., 2016): the upper panel shows stereoscopic image of landslide ; the 

lower panel is sketch of landslide on photographs αnd topographic maps 

C ompound slid e: A compo und sli de is a sliding mass of rock , soil on a rnpture surface 

cons ist ing of several planes or an inegular rnpture surface consisting of several randomly 

oriented joints. When a landslide occurs as a compo und slide, it creates a concave-convex 

slope morphology. Concav ity is often associated w ith a linear graben -like depress ion. There is 

no clear rnn -out but there is a gentle convex/bulging 企ontal lobe. Back -tilting facets are 

assoc iated w ith (sma ll ) antithet ic fa ults (Soeters and Van Westen , 1996). Figure 4.13 presents 

旬pica lfean ir es of a sli de of this type (Le et al., 2016) . 

Figure 4.13 Stereo pair aerial photograph ρ2・99 ・04 ・226 &22 ηsho w ぴpica/ of compound 
slide (Le et al ., 2016): the upper panel shows stereoscopic image of landslide ; the lower panel 

is a sketch of αlandslide on a photograph αnd αtopographical map 
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Debri s slide : A debris sli de invo lves the movement of a mass of unconso li dated 

mater ial along a stee ply sloping, planar surface pa r叫lel to the ground . Us uall y, the sl iding mass 

is a venee r of colluvium , weathered so il or pyi ・oclast ic deposits sli ding over a stronger substrate . 

Many debris slides become flow- lik e after moving from tens to hundreds of meters and might 

transfo1m into ext remel y ra pid debris avalanches (Oldrich H ungr , 2013) and accumulate 

downslope . Based on th is de fi nition, we can infer morphologica l character istics belonging to 

th is句rpe :blocks (lands li de body) are defo nned into flow -lobes downslope. They dis play clear 

fl ow -strnctures with a lobate convex 宜ontal section . The flow -lobe is usually larger than the 

init ial blocks (landslide body). Figure 4.10・iv presents these features (Le et al., 20 16) . 

Vegetat ion on the scar and body is highly dist urbed and is clearly distinguishable from 

the suno undings . Drainage cond itions incl ude pond ing or disnirbed dra inage towards the re ar 

and deflected or bloc ked drainage at the frontal lobe. 

Figure 4.14 Stereo pair αerial photograph (D2 ・99 ・03 ・244 & 245) sho w typical of debris slide 
(Le et αl., 2016): 

the u.Jper panel is αstereo scopic image of the landslide ; the lower panel is αsketch of the 
lα ！ndslide on α・photograph and to pow 句 hical map 

Debri s flo ws : A debris flow involves movement of loose so il or grave l on a steep slope. 

It often occurs simultaneo usly with heavy rainfall and is initiated by a slide, debris avalanche , 

or rock fall from a steep bank or spontaneo us instability in a steeply sloping 抑制m bed 

(Old rich Hungr , 2013) . Under such cond ition s, these materials can li que かor be subject to a 

great increase in pore -press ur e and flow downslo pe. Mo rph ological feanires associated with 

th is 旬pe of lands li de typica ll y include numerous sma ll concavities) or one major scar 

characterizing 血e so ur ce area. A lmost complete destrnction occurs along the movement 

pathway, somet imes marked by depos itional levees. Figure 4.15 shows a typical debris flow 

feature in the study area (Le et al. , 20 16) . 
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Fig ure 4.15 Stereo pαir aer ia l p hotow 句 h (D2 ・99 ・06 ・12 7 & 12 8) show ty p ical of debri s fl ow 

(Le et al ., 2016 ): 
th e u. Jp er pa nel is αstereo sc opic im age of αland slide ; th e low er pαnel is sket ch of αla nds li de 

on photogr aph and topog1 可制c map 

4.4.2. Large -scale landslide topography mapping in centr al Vietn am 

U sing method s described above , a landslide inventory map ha s been prod uced for the 

area between Prao and Kham Duc. The inventory wa s prepared by interpreting landslides 

ob served in 1999 from over 100 aerial photographs at a scale of 1 :33 ,500. We used the se 

photograph s becau se, at the time of thi s study , only the 1999 aerial photographs are ava ilab le. 

Interpretation of aerial photographs was locally aided by field check s. Thereby , all the unstable 

area s were mapped onto topograph ical maps at a scale of 1 :25 ,000. This mapσ igure 4 .16) wa s 

tran sfened to GIS and include s 685 landslide s, cone sponding to an average den sity of 0.6 

land slide s per sq uare kilometer. Land slides range in size from 307 1 m 2 to 3.08 km 2. The mo st 

freq uent (abundant ) landslide has an area of about 25 ,400 m 2. They were cla ssified into five 

categor 官s, 324 of wh ich are clas sified as rotat ional slide , 66 are cla ss ified as tran slational slide , 

4 are cla ssified as compo und slide , 275 are clas sified as debri s slide , and 16 are cla ssified as 

debri s flow. For each land slide 13 characteristic s were recorded and listed in the 

accompanying database table (s ee at appendix ). Combined w ith geological map s, among 685 

land slide s出at were mapped , 314 land slide topographie s are Me sozo ic; 178 land slide units are 

Paleozoic ; 17 1 landslide units are Precambrian ; and 22 land slide unit s are Q uaternary. Mo st 

land slides occur in the Me sozoic zone , accounting for ・46 % of recorded land slides (Le et al., 

2016 ). 
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Figure 4.16 Maps of landslide topographic are αfrom Prao to Kh αn D ue along the Ho Chi 

Minh Road, central Vietnam (Le et al., 2016): 
this map is a combination of six sheets of scale of 1 :2 工000

The maps portray intere sting distrib ution fea 加res: I) the spatial di stribution seems to 

have so me relation with geolog ical period s. The large -sca le land sli de topography concentr・ates 

to the area of the Mesozoic geo lo gy . The Paleozoic geo lo gy ha s few large -sca le land slides 

except in area s of plutonic rocks such as gabbro an d gra nitic rock s. Especially , the large st 

landslide topography is located at the gabbro . The Q uaternary and Precambrian geology also 

have several cha ra cterist ics . Detail s are presented in Chapter 5. 2) The movement feanires are 
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categor 包ed to five types : Rotational slide , Tran slat ional slide , Compound slide , Debli s slide , 

and Debr is flow (Le et al., 2016 ). 

However , an interesting characteli stic was observed at Thon A So in the study area . 

Thi s was located at the part of n01thward homoclina l slope at a southern part of the m 勾or
Mesozoic syncl ine . I observed numerou s distr ibu ted land slide s and scars , with ve1y remarkable 

topographic feature s identified , the sca rs are distrib uted at the northward dip slop e. Many type s 

of landslide topographies are located in the other direction of the slope . The landslide s are 

small , but are ea sy to identi 町 in size. Such landslides and scar distribution are strong ly 

reflective of the geology strnc 加I・e. In case s of the landslide distribution , the type in case of the 

Me sozoic sedimenta1y rock infl uences character istic s (Le et al ., 2014b ). 
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Fig ure 4.17 Stereo pαir aeri αl photograph (D2 ・99 ・06 ・415 & 41のshow main joint plane and 
bedding plane having tendency to parallel to or d~フping w ith slope (Le et al., 2014b): 

the up per panel shows stereoscopic image of landslide ; the low er pαnel shows a sketch of 
landslide and micro-landform j匂 tures on photograph and topographic map 
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Fig ure 4.18 Pαrα llel beddi ng in rock ca us ing slides (Le et αl., 2014b) 

4.5. Comp rehen si ve land slide inventory maps and factors affect ing land slide inventory 

quality 

Interpretation of aerial photograph s ha s proved to be a widely ava ilable method to 

identi 町land slide and ri sk evaluation becau se it requires no so phi sticated technical tool s and 

provide s an investigator or interpreter clear visu al stereo scopic image of land slides . However , 

images remain a challenging ta sk. It is extremely difficult to give out a fo1mal standard for 

identification . The interpreter classifies landslide morphological fo1m s ba sed on exper ience , 

and on the analy sis of a set of character istics (signatures) that is identifiable on the images . 

Quality of photograph s an d original data strong ly influence to quality of recogn ition . 

Comparing Japan and Vietnam , it is clear that Japan use d photographs are co lor photography 

of many scales. They might have been taken over several s years （白ve yea rs or ten yea rs), so 

there are diverse data for the shape , feature s of landslide s, and morphological fo1m s are clearly 

identifiable . For example , Figure 4.19 shows land slide inventory map at Fukayamadake , this 

map was established by NIED on 1984 based on a sca le of 1/40 ,000. Therefore , there are some 

limits of identification. Only large-sca le land slide s were mapped in the Fuka yamadake area. In 

2009 , the Japan Geographical agency established land slide invento1y map in the sa me area . 

They used color photograph y at the sca le of 1115,000 . Therefore , the landslide topographic 

areas we re re co 伊 ized as having more detail than NIED map sσigure 4.20 ). 

［＇~＂＂＂＇ ＇ 守 山 .I ’E ム u~－ ＂·、 、＝ r -
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Figure 4.19 La ndslide invento ηp map at Fuka yam αdα ke (est ，αblished by NIED, 2008 ) 
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Fig ure 4.20 Land slide inventory map αt ofF ukay αrnadake (est ，αblished by Japan Geograp hi cal 
Agency, 2008) 

In V ietnam , aerial photograph interpretation is difficult becau se of limitations of 

orig inal data (aerial photographs ). First , is the scale of aer ial photograph s. All interpreters 

agree that the be st sc ale for inter pret ing is sma ll er than 1/15 ,000. However , all aerial 

photograph s in Vietnam are ava ilable at a sca le of 1/33 ,000 (pixel size of 1 m ). This will affect 

the accuracy of the object ’s size. It is important in the interpretation of assoc iated fean 1re s. 

From small-scale photograph s, asso ciated feanll'es might be eas il y interpreted beca use of their 

size with regard to other feature s. Large -sc al e photograph s show that direct identificat ion 

might be made be cause photographic deta il s are not readil y visible . Sometimes , some obje cts 

are con 釦sed w ith others . The land slide (0 .295 km long , 0.301 wi de) as shown in Fig ur e 4.11 is 

旬pica lof thi s case. Another exam ple is shown in Fig ur e 4.21 (land sli de No .18). The lower pa1t 

is div ided into 3-4 sub land slide s, but they are not easily recogn izable . W ith the sca le of 

1 :33 .500 , one can infer a land sli de larger than 150 -200 m wide. 

Figure 4.21 Stereo pαir aerial photograph (D2 ・99 ・06 ・166 & 16 7) showing landslide No. 18 
(Le et al ., 2016) 
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The second di fl 白culty is the quality of aerial photographs : landsl ide phenomena are 

variable. Not all landslides are clearly and easily recognizab le from the aerial photographs. 

Aer ial photograph interpretat ion is a cognitive process involving the inherent characteristics of 

the landslide on photograph , such as the color, tone, texture , contrast, shape , texture, shadow , 

and pattern. Co lor as a recogn ition element is a useful criterion for ・interpretive purposes. 

However , all aerial photography images are black and white . Therefore , it will pe1m it a lesser 

amount detail to be reco 伊 ized and interpreted . Some other elements are not clear , for examp le 

in Fig ur e 4.15 , an intensely white area exists. We cannot expla in why it has this tone. It might 

be a deb1is sli de or enor of photograph ic tone. 

Finally, the study area has high forest cover. For 血is reason , microlandfo1ms such as 

iITegular slope surfaces (Fig ur e 4.21 , Figure 4.22-a , b) , cracks are not clearly dist ingu ishab le 

on an aerial photograph. We m ust identi 町 it 血ro ugh a crown of trees. In this case ，出e

boundary and main scarp of landslides can be identi fi ed based on the abrnpt change of color 

tone of photographs (Figure 4.21, Fig ur e 4.22 ・c), We can infer microlandfonns through 

different tones and colors of aerial photographs , but it might be conect or inconect. Landslide 

No. 18 (Fig ur e 4.21) is an examp le of the present siniation. We readily identi ちrboundaries of 

landslides , but at the lower part of the landslide body, it is extremely diffic ult to infer the 

mater ial type of the slope , cracks, and other microfeattll'es . That is not use 白lto predict the 

probab ility of lands li de occun ・ence in the 印刷re using an inspection sheet. 

a b c 

This sudden ch ange • 
、、、. w ill r・ftect to ne co lour ／~ 
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Figure 4.22 Schematic viei .vs of regular /in 句 ular slopes (Le et al ., 201 至上
Identifying irregular slope is extremely difficult because of high vege 的tion cover if there is 
sudden change of slope such as a scarp ・h is shown as tone color that can be easily identified 

on aeri ，αl photographs 

Generally, for V ietnam, li mits of data sources ma ke it diffic ult to identify lands li des. 

4.6 . Summary of achieved results and discus si on 

This chapter accomplished the fo ll owing: 

i) The lands li de to pographic area of Caldera Rim at the Foots lope of 恥1t. Kur oma is 

presented and disc ussed us ing aerial photographic inte1pretation and field surveys. The 

Fuk ayamadake area and its sunound ings constitute the southern edge of the caldera on the 

south footslo pes of Mt. Kurikoma. Phenomena were observed everγwhere thro ughout these 

sites : welded n1ffs and pumice weathered tuffs sed iments in the caldera and it fo1med a cap 

roc k strnc 加I・e. A landslide severely eroded the inside of the caldera toward the Onomatsuzawa 

Valley. However, roc ks const in1ting the caldera rim were or iginally hard rocks such as 加ff

breccia . They are pres umed to have brought abo ut movement to defonn the caldera rim 
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gradually , as observed in li neament s such as LI and L2. Especially , the defo1mat ion of LI was 

triggered geologically ve1y recently. That movement is presumed to be ongoing. The rea sons 

are that an erosional va ll ey or the weather ing and seconda1y land modification of topography is 

only slightly observed , whereas li neament LI is connected direct ly to cracks and landslides 

such as LS 5 on it s n01thwestem exten sion. The di scussion presented above suggests that Ll is 

a deep -sea ted land slide . It also is a proce ss of caldera rim extension to the outs ide of the 

cun ・ent rim . The trace of LI is a principal landslide sc arp. Altho ugh thi s lands li de enco ur ages 

the expansion of a caldera rim , its fo1mation occ uned much later 也知 that of the caldera body 

of the Plei stocene , million s of years ago. The mechani sm by which thi s lands li de contributes to 

the defo1mation above おpresumed as a load increa se by a series of volcanic product s, such as 

the we lded tuffs and pumice tuff s, cover g 也e caldera rim , as well as stre ss relea se to the 

radial direction of the rim . The trace of LI is a large- sc ale cliff in the so utheastern pa1t , where 

the Ikezuki welded n1ff s present a typical cap rock strncture , but it nun s to a crack in the 

no1thwestem pa1t where the distr ibution of this we lded n1ffs becomes ambiguou s. Thi s incl ined 

defo1mation strncture is regarded as at 紅白utab le to 也e unequal distr ibution of a ve1tical load. 

Conseq uent ly, the ground was presumably loosened on the n01th side of LI (on the left bank of 

the mountain stream ) in connection with thi s defo1mation of LI . It is rea sonable to conclude 

that th is defo1mat ion is still in action quietly . We assume that thi s defo1mation ha s loo sened the 

left bank of the mountain stream . Thereby , many land slide s have occuned along the left bank 

of the mo untain stream. The Fukayama pastureland provide s a see 1ning ly ve1y moderate 

land scape. Neve1theless , it is pre sumed that both a large slope movement and a surface 

land slide movement are still in progre ss underground . 

ii ) An invento1y map of study areas in central province s of Vietnam was prod uced through 

aerial photograph interpretation and estab li shed a table of attr 均ute descr iption for each 

land slide unit in Vietnam. Howe ver , beca use of the comp lexity , invento1y map can be prepared 

only for ・area of limited extent. 

iii ) Lil nitations of photograph interpretation were explained for the case of V ietnam. Those 

are limitation s of or iginal data , (a erial photograph ), sca le and quality of aerial photograph s, and 

high fore st cover at the study area. In V ietnam , acce ss to aeria l photograph so urce s is 

extremely difficu lt. Sometimes it is impo ss ible for scientific wor k. At the time of this study , 

only 1999 monochromatic aerial photograph s were ava ilable. Limitations of data sources make 

it difficult to identify landslide s. 

iv ) Intere sting landslide distribution feanU"e s of study area in Vietnam were shown , with a 

relation between spatial land slide di strib ution and geology. The large ・sc ale landslide 

topograph y concentrate s to the area of the Mesozoic geology. The Paleozo ic geology ha s few 

large ・scale landslide s, except in area s of plutonic roc ks such as gabbro and granit ic rocks. 

Especia ll y, the large st land sli de topography is located at the gabbro. Q uaternary and 

Precambrian geology also have several characteri st ics. The movement features are categor ized 

to five 守pes: rotat ional sli de , translat ional sli de , compo und slide , debr is slide , and debri s flow. 
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CHAPTER 5. RISK EVALUATION AND APPROACHES FOR HUMID 

TROPICAL REGION 

5.1. Introduction of Japan ’s inspection sheet for risk evaluation 

Land slide map s were developed to identify areas with differ ing past landslide 

topographic are as. It is useful to know the probability of landsli de re ・occun ・ence for each 

land slide topographic areas . Thi s is the fir st step in en suring that the land slide risk doe s not 

exceed an acceptab le leve l when planning future land use. Interpretation of future landslide re ・

occ u江ence req uire s elucidation of the proce ss es contr ひHing landslide s. 

According to M iyag i (M iyagi et αl., 2004) vario us stages exist in a seq uence of a 

land slide development: the prima1y stage , the active stag e and periods of differentiation , the 

expan sion stage , and the suspens ion and the di ss olut ion stage . The ser ies of these stage s is 

presented in Figure 5.1. The m icro -topography of each stag e refle cts the characteristics of 

autonomous destmction proce ss es and comprises distinct micro-landfonn units. Each stage is 

made up of di stinct micro -landfonn units. In the initial (stage) period of occ un ence, a landsli de 

ha s been grad ually different iate d, becoming vulnerable becau se so me internal tr・ansfonnation is 

defo1med rep eatedly . However , var iation processe s proceed intennittently and repeatedly over 

time. Geomorphologic processe s of two type s occur: an inte1mittent land slide action and a 

n01mal process in landslide area. The land slide hazard risk eva lu ation must disting uish the se 

two proce sses . Detennining the stag e of a landslide activity and interpreting direct indexe s of 

the ri sk and land slide risk evaluation will be the following (Miyagi et αl., 2004 ): 

1) Land slide topography is identified and illustr・ated through aeria l photograph 

interpretation and thro ugh development of the landslide topography di str・i bution map. 

2) M icro-topographie s are identified through photograph interpretation . The items are 

checke d on a card. The ca rd is constructed on the sys tem of item anangement. 

3) The total sco re of the checked item s indicate s the ri sk le vel. The sc ore of item s is 

estimated by AHP. Each landslide topograph y is identified as high risk (70- 10 0), moderate risk 

(30 -70), and low ri sk (0-30 ). 

R isk evaluation can be conducte d by analyzing landslide topographie s becau se mo st 

land slide proce ss es re sult from react ivity of aged landslide topographie s. Ri sk evaluation is 

the refore based on the following assumptions (Miyagi et αl., 2004): 

1) Fundamental factor s for the eva lu ation are lim ited to topographical info1mat ion 

interpreted from aer ial photograph s. 

2) Scale or character istics of interpretable landfo1m s and land slide phenomena are often 

affected by the aerial photograph accuracy . 

3) Factor s such as ra infall are not objects for eva luation. 
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Risk evaluation is a probability of lands lide re ・occunence with in a given area. Risk 

evaluation can be conducted by analyzing landslide topographies because most landslide 

pro cesses result from reactivity of aged landsl id e topographies. 羽市erever landslides occur , the 

unit of risk evaluation shou ld be the whole area of the landslide topography . When conduct in g 

risk evaluat ion s, the following point s sho uld be noted: 

1) Occunence of landslides caused by artificial influences such as anthropogenic 

alternation is not an object for ・evaluation.

2) Risk is a probability of landslide occun ・ence. It is not a magnin1de of occunence or 

behavior of destrnction on the suno unding area in movement. 

3) If the who le area of a landslide topography is evaluated based on an un stable area 

within it , then an interpretation map shou ld represent the area and mention the existence of 

such an area , it s position with in the landslide topography and relative relation to other. 

For purposes of systematic and objective risk eva lu ation , the Japan landslide soc iety 

has developed an in spection sheet (Figure 5.2) incorp orating geomorphic factors with in and 

beyond landslides (Miyagi et al. , 2004). In this sheet, geo m orphic factors are classified into 

lar ge, medium, and small categories . The 白・st m 勾or catego1y includ es character tics of ty pe s 

of movement , material , and critical feature s of action . Micro -landfonn s of various types and 

their spatia l an ・angement in dica te activities of landslides distributed mainly w ithin the domain 

of the landslide body. The second m 勾or catego1y in vo lves aging factors, time processes, and 

clearness of the top edge of the main scarp and the sharpness between the main scarp and the 

land slide body. The 出立d involves the potential energy of 出e sl ip body caused by the last 

action. It can change the instability of the landslide body, and increasing or decreasing their 

geomorphic setting such as the body face attached to the slope of a river. Focusing on these 

geo m orphic settings , one can predict the prospective transition of stab ili ty. Each major 

catego1y above was classified into smaller classifications. The larger classifications include (1) 

the micro-landfo1ms features in landsl ide body as an item of the characteristics of movement , 

(2) the boundarγof m 勾or lands lide landfo1m component as an item of the time process , and 

(3) the landslide topography and the ad joining environment as in index of geomorphic setting. 

The sma ller classifications include eight categories: A, type of movement; B , le ve l of clearne ss 

and micro-landfo1m components w ithin the land slide body; C , level of in stabil ity of the 

landslide body; D , direct feanll'es of m ovement ; E , between the top edge of the main sc arp and 

the upp er slope ; F, between the main scarp and the body; G, between the landslide body and 

the front al slope ; H , toe part of the land slide body; and I, lo wer pa1t of the landslide body . Th e 

items of the medium classifications are fmther divided into smaller categories, which w ill be 

checked and evaluated usin g aerial photograph interpret ation. Characteristics and feature s of 

each small classification are described as follows by Miyagi et al. (2004): 

A) Type of movement 

Movement of each 旬pe will produce a distinct micro-landfonn , such as flow m ound , 

pre ssure ridge which caused by mud flo w and debris flow. C la y debris fl ows to mud flow type 

land slide are fairly unstable because of the strong ly weathered clayey materials. It will increase 

the recu ロence of landslides 小1iyagi et αl., 2004). 
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B) Level of clarity and micro-landform components in the body 

By processes occuning over time, weathering and eros ion, micro -landfonn units w ithin 

the landslide body (e.g ., cracks, minor scarps , graven , depression , and pressure ridge) have 

been modified and have lost their or 培inal shape. The landslide body is divided into small parts 

changing toward the active stage. The micro -l andfonn density indicates some level of 

destrnction 小1iyagi et al., 2004). 

C) Level of stable (Stability of land slide body) 

The landslide body often becomes unstable by sustaining head bloc k separation from 

the lower part and slight fail ur e at the toe and lateral po1tions. Such inversion phenomena often 

become triggers of a large sli de reoccun ・ence. If the lands li de faces a suspended stage , the 

process that causes the invasion of gullies and erosion valleys can be regarded as an eros ion 

process leading to its disappearance (Miyagi et al., 2004) . 

D) Direct features of movement 

Generally, if a crack is clear, then it can be infened that little time has passed after the 

landslide occ unence. Somet imes, it is diffic ult to reco 伊 ize the crack ex istence from aerial 

photographs. However , crac ks are often reco 伊 ized as an ind irect feature such as a systematic 

defonnation of the forest crown (Miyagi et al., 2004) . 

E) Boundary of the landslide main scarp and upper normal slope 

At the top edge of a main scarp after landsl ide action 出at incl udes lateral stress 

situation , there remain some unstable materia ls. Consequently, several echelon cracks and 

lateral cracks develop at the top edge of the main scarp . After the action , the stability increases 

gradually and is modified by creep . Fm由 ennore, the weathering process defo1ms the initial 

topography and decreases the edge sharpness. If the sus pend ing cond ition holds for ・a long time , 

then the area of creep and g叫ly erosion will develop. Typical topographic characteristics of the 

landslide main scarp will disappear (Miyagi et αl., 2004). 

F) Boundary of the main scarp and landslide body 

This bo undary is ve1y clear , like an edge of the ma in scarp , wh ich is fo1med 

immediately after the action. Plenty of mater ials fall from the scarp and accumulate at the 

boundary. Such materia ls deve lop tal us topography. The deve lopment of talus accompanies 

aging. The spat ial ratio of the tal us indicates the time process after the event (Miyagi et al., 

2004) . 

G) Boundary of the stable slope and land slide body 

This bounda1y is ve1y clear after the action . The landslide body is defo1med and 

dissected by weathering process and linear erosion such as g叫ly erosion , wh ich leads to the 

development of a gully , a channel at the body and sma ll alluvial cones develop in front of the 

landslide body. Therefore , such components of micro -landfo1ms are also indicators of time 

processes after the landslide action (Miyagi et αl., 2004). 
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H) Landslide body toe (Toe pa rt of the land slide bod y) 

If a mountain st ream creates an erosion situation , then it will be identified as equal to 

attack the face to a river. However , the front part of a body might become unstable by the 

partial abutment to the oppo site bank of the mo untain stream (M iyag i et al. , 2004). 

I) Change of the poten ti al of instab ility at low er pa 代 of body (lower part of the land slid e 

body) 

An increa se or decrease of relief energy will engender a change of the potentia l of the 

land slide body (Miyagi et al. , 2004). A lthough we can recogn ize multip le items in a land slide 

body, we mu st mark only one item at each catego1y box . In such ca ses we should mar・k those 

item s as much unstable ones. 

All the item s above were put into a card (Figure 5.2 ). Each cla ss ification is compar・ed as 

a pair of item s ba sed on AHP . For convenience of pract ice s, the categories are arrnnged to 

decrea se the risk from the left to 也e right , enabling clari 

mechani sm s. In add ition , a catego1y can be checked between so me categories. For example , in 

the item F in Table 5 .1. If a catego1y is judged as being between ”Ta lus”and ”Lar・ge ・scale

talus ”，then one can check the se categor ies. However , if more than one catego1y exi sts , the 

heaη r one should be contributed to the calculat ion 小1iyagi et al ., 2004 ). 

The score of the card is calculated intuitively ba sed on the experience s of a 

geomorphologist. In thi s way , land slide s ar ・e class ified from specia l high risk to low risk (h igh 

probab ility of land slide occ unence ) based on the AHP score eval uation. The lands li de ’s 

morphometric sign s appeared fre sh on aerial photograph s if the score ’s evaluation is high. In 

contra st, morphometric sign s ar・e extremely vague . A sco re of 70-100 si 伊 ifies high pr 油 ability

of landslide occunence ; 30- 70 st ands for the probability of land slide occun ・ence ;and 0-30 

denotes no probability of land slide (Miyag i et al ., 2004). 

5.2. Applicat ion of Japan ’s Landslide in spectio n sheet fo r ri sk eval uatio n in Vietn am 

The prima1y application of this landslide inventmγis to asce1tain ar・eas that are be st 

avoided in highway route facilitie s, infra stiucture , and other similar works. However , not all 

land slide s have high ri sk of r・e・occ un・ence. Some of them have high ri sk; others m ight be stable. 

Therefore , we mu st ascertain the risk or probab ility of land slide I・e・occunence w ithin the se old 

land slides. 

To asce1tain the land slide risk, we use d the in spection sheet developed by the Japan 

Landslide Society. It incorporate s geomorphic factors within and beyond landslides (Miyagi , 

2004). In this way , land slides are cla ss ified from high risk to low ri sk (high probability of 

land slide occunence ) based on the AHP scor e eval uation. The landslide ’s morphometric sign s 

appeared fre sh on aerial photographs if the score ’s evaluation is high . In contrast , 

morphometric signs are exti・eme ly vague. 
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M 勾or Med iu m 
Small classification 

Weight 

classification classificat ion val ue 

七．。。‘コ》、． 戸場口ω 園ヘ．． 
A: Type of 

Flow mound and press l江e ridge 12 .5 

2 Minor scarp 4.9 
4川5 富ω 〉 movement 

－－ー 。a 3 Sepai 乱tion scarp , Depression , Trenche s 2.0 

『α2同コ3ラ 匂。.... B : Level of Huge no. of defo1med blocks and clear 
19.5 

’『 r5 cleainess and micro topographic bo undary 

必星宙5 官1吉望富ヨ
micro landfo1m 2 Clear micro-topography of smooth 

12.5 
components bo unda1y 

within landslide 3 Unclear defonned block 6.0 

著3自Eコ星ミモ0::' 
body 4 Smooth bounda1y 5.5 

C : Level of Head block separates from the lower part 13 .9 

instability of 2 Gullies development 3.6 

。H、J －喝gω ーー landslide body 3 Linear erosion deve lopment 1.5 

~ § D: Direct features Cracks and scai ・es 18.8 
－／－－圃；、g of movement 2 Tree crown defonnation 6.3 

司さ：ロヨ! 
Echelon 3.8 

E: Between top 
2 Main scar p 3.2 

edge of main 
3 Creeping slope 1.8 

scarp and the 
4 Gullies extension 1.5 

upp er slope 
5 Modified to smooth slope 1.3 

吉S邑冨川e Non deposition 3.1 

F: Between the 2 Talu s 1. 8 
守 j喝田g・・
a <+--< 。 main scar p and 3 Lar ge -scale ta lu s 1.1 
与。.... 呂ω the body 

4 
Smooth defonned by creeping and talus 

0.6 
吉pコq § development 

G: Between the Non defo1med landslide body 1.0 
J.。2 的(<$ 

landslide body 2 Gully, debris cone 0.5 

戸 and 出e fronta l 3 Smooth smface topography 0.4 
；：、、：：ヘ_, slope 4 Disappeared smface 0.3 

~コ 喝5同・・ 1ロお Face to the undercutting slope of river 8.6 

三兵唱S.q 百~ H: To e pait of 2 Face to the river 4.4 

landslide body 3 On the flat plain 1.6 

~ll 主主 4 Hit to opposite slope 0.9 

－ロ－ b 」 I: The lower part Increasing toward the active condition 19 .2 
6: 宮坦 i of landslide 2 Moderate the change of relief energy 9.2 

body 3 De creas ing 2.7 
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Figure 5.2 Ex αmple of inspection sheet (Le et αl., 2014a ): 
the left side panel shows αpα irof αerial photographs and αsketch of landslide on topographic 

map; the right side panel sho w s criteria for risk ev αluation 

To illustrate the potential of this method , 32 land slide units we re chosen fo1 ・eva lu at ion.

Resu lts of evaluat ion are shown at Table 5.2. Figure 4.21 shows a ste reo pair of aerial 

photographs of landslide No . 18. This landslide is very large: 2.3 km long and 0.99 km wide . 

Aer ial photographs show that the main scarp and side scarp are clear . There is no ta lu s depos it 

and no weather g shape modification at the bounda rγof the scarp and the landslide body. The 

lower part is divided into 3-4 sub landslides . The slide type changes to debris slide or 

rotational slide . Therefore , w ith these feanrres , we assigned an AHP score of landslide 

morphometric signs as shown in Figure 5.2 . The total score is 70, meaning that it has hi ゆ
probab ility of landslide occu n・enc e.

Figure 5. 3 Stereo pair of aerial photographs (D2 ・99 ・04 ・228 & 229) showing landslide No . 163 

Figure 5.3 shows a stereo pa ir of aerial photographs of landslide No . 163 (1. 345 km 

long and 0.867 km wide). It has clear micro-topography: several minor scarps were observed . 
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At the boundary , many mater ials fall and accum ulate , fo1m ing a sli ghtly ta lus topography . 

Large lan dslide s are classified as a tran slat ional sli de , but mino r slides are classified as 

rotational slide s. A pa1t of lands li de bo dy matedal was eroded , fo1ming a gully. To the se 

mo rphomet ric feature s, we ass igned re spective sco res of 5.5 , 16 , 9, 8, 3.3, 1. 6, 0.5 , 4.4 , an d 9 

for A）旬pe of movement , B) level of clearne ss and micro-landfo1m com ponents within LS 

bo dy , C) level of sta ble , D) dir ect features of movement , E) top edge of main sc arp , F) 

bo unda1y of the main sca rp , G ) bo undary of lands li de bo dy and the front slope , H ) land slide 

bo dy toe , and I) change of the potential of in sta bility at lower ha lf of body. The total score is 

57 .3 . Thi s lan dslide is cla ss ifi ed as hav ing a me dium pro bab ili ty of landslide occunence. 

Figure 5.4 shows a ste reo pair aer ia l photograph of lands li de No. 102 . This is a typ ical 

rotational slide that is 0.295 km long and 0.301 km . The block is ve1y clear , with hits and 

block s of the stream. A depression is apparent be hind the bloc k, with ponding in niches of血e

bac k- til ting area. The bo undaiy is extreme ly clea r. The total sco re is 70.2 . Thi s land sli de is 

classified as hav ing high proba bility of landslide occunence. 

Figure 5. 4 Stereo pair of αerial photographs (D2 ・99 ・06 ・415 & 416) sho wi ng landslide No . 102 
(Le et al ., 2016) 

LS No . 
AHP 

LS No. 
AH P 

LS No. 
AHP 

LS No. 
AHP 

sco re score score score 

3 46 .2 134 62.46 381 33.9 626 65 .7 

15 47 .3 139 64.2 510 41.3 63 1 54 .1 

18 70 140 66.1 516 47 633 57 .7 

95 35 .65 14 1 70.2 517 46.8 636 57 .75 

102 70 .2 144 59.5 541 56.65 647 37 .2 

113 38.4 163 57.3 570 58.3 648 36 .6 

125 54 .15 17 1 54.8 571 54.8 655 22 .5 

127 58 .3 174 42 .1 620 25.45 662 20 .6 

128 58 .9 37 1 25.25 625 69.5 668 25 .35 
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5.3. Limitation of Japan ’s Landslide inspection sheet when applied in Vietnam and the 

importance of geologic conditions in risk evalu ation for humid tropical region 

5.3 .1. Limitation of Japan ’s Landslide inspection sheet when applied in Vietnam 

A side from cha ll enging tas ks with regard to source data , such as quality , sca le of aerial 

photograph s, high fore st cover at 出e study area as described in chapter 4, one rema ins. The 

sheet show s morpho logical factor only , it doe s not mention geo logic factor s. In V ietnam , 

which ha s a richly var 官d geologic compo sition , roc ks have been found from Precambrian to 

Q uatema1γ. Fieldwor k shows that geologic cond ition s must play an impo1tant role in land slide 

occ un・ence s in Vietnam and other humid trop ical region s. For examp le, non -cohe sive materials 

promote lands li de s such as debri s flow or debr is slide . Cohesive materials have high contents 

of clay mineralogy. When they are diy , shear strength and ang le friction are usually high , water 

therefore defonns the se material s and ca uses fail ur e. Bedroc k is directl~「 susceptible t, 0 

weather g. Somet ime s at some slopes , shallow weathered mater ial s are coar se grained and 

have low cohe sion. They ar ・e li kely to develop movement. H igh joint s and fracture s all ow water 

to penetrate and weaken under a soft layer and make it prone to sli de . Bedding plane s par 叫le 1 

to slope provide li ttle mechan ical sup po1t and are prone to slope movement. In the follow ing 

chapter , the author explains and clar es actual relations between land sli de occun ・ence s and 

geologic conditions in the study ar ・ea . 

5.3.2. Importance of geological structure and weathering in risk evaluation for humid 

tropical region 

The study ar ・ea wa s divided into four geo logical zone s. Accord ing to the database of a 

lar ・ge ・scale land slide topographic ar ・ea (Fig . 3.8 ), geo log ic map s σig. 5), and ba sed on fi eld 

inve stigation s, clear mutual relation s ar ・e apparent. Thi s chapter clarifie s the actual relations 

among 血em .Fm由 ennore ,one mu st con sider the ca usative mechan ism s of land slide processe s 

at each geological stage . 

At Quaternary zone 

Quatemarγdeposit s are located main ly in river valley s and plains , character ed by 

non -con sol idate sediment , diver se com ponents , abundant material sizes , and fundamental 

alluvial face s. They includ e th e D 幻 N ga formati on （~N2 dn ) an d includ e th oleii tic ba salt and 

oliv ine ba salt. 

Weather ing fean ir es: Geo logical strncture s are us ually fl at , incl uding non -consolidated 

la ke depo sits w ith some wea k layer s such as organ ic rich , peat , and clayey layer s. Volcanic 

roc ks include intrnded basalt con solidated w ith hard and heavy rock . They incl ude lake 

depo sits ( dar ・k reddi sh brown color but weak weather g) and the bounda1γo f the volcan ic and 

la ke deposits (dark deep ly weathered materia l, with many holes because of the lava ga s) , and 

la ke sediments , which are dee pl y weathered and changed to clayey materia ls. 

L and slide characteri stics: Land slides occur as rotational sli de s along river- side slope s 

and concentrate at the basalt cap roc k area (Figure 5.5). However , large scale land sli de 

topography cons ists of numerous shallow and small landslide s (Figur e 5.5・f).
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At Mesozoic zone 

These incl ude N ong Son , Ban Co , Khe Ren , H uu Chanh , Song Bung , Song B ung 

fon nations and Cha Val , Hai Van , and Deo Ca comp lexe s. They consi st of Tria ss ic to Jura ssic 

sed im entary rock: conglomerate , gritstone , sand stone , silt stone , m udstone , sha le, and Arg illi te. 

The geological stiuct ure exhib its a mutua ll y overlapping layered stmcture ( cuesta landfo1m ). It 

ha s a we ll- defined bedding , chang ing from ve1y thin ly bedded (2 cm of mud stone ) to thickly 

bedded (larger than 3 m of sandstone ), containing a len s of weak layer such as coal layer and 

mud stone. The sand stone is gener 叫ly fi ne to coar se-grained , conta ining high contents of qu artz 

and mica. 

Weather ing feanire s: Field surveys show that the top sur fi cial soil is about 0.5-1 m 

th ick . Therefore , we as sume that the zone becomes slight ly to moderate ly weathered compared 

with Paleozo ic and Precambr ian. At the sedimenta1y roc k, joints and fracture s are well 

deve loped , mak ing sedimenta1y rock s break into sma ll to medium block s. These cracks 

combine with bedding plane open ing 浮to provide moderate to high pe1meab ility. Along jo ints 

of reddish sandstone (conta ining iron and mangane se), chemica l weather g alters hard 

unstab le m inera ls into softer m inerals such as iron to clay (Le and Mi~「agi, 20 15c ). 

Land slide characterist ics: Foll ow ing the invento1y map , we identi fy lands li de s in this 

area that tend to be larger than in the Paleozoic zone . At the forward slo pe, landslide s occur 

along the bedding plane and weak la yers . The se weak layer s such as mud stone and len s of coal 

layer are key factors contro lli ng landslide s in thi s area (Figure 5.6 ). Numero us land slide s in 

th is area are cla ss ified as translation sli des (Fig ur e 5.6). At the rever se slope , land sli de s occ ur 

as rocks fall or rotat iona ll y sl ide along joint s and 宜acn ir es (Fi gure 5.7) (Le and Miyagi , 2015c ). 
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Figure 5.5 Typical example of landslide rel αted to geology in the Quaterna ゅzone (Le et al., 
2015b): 

a, b, c: dark reddish brown color lake d p々osit; d: intruded basalt; e: holes caused by the lava 
gα s; f example of landslide invento ηmap (l.arge -sc αle landslide consists of numerous sh αllow 

and small landslide .り
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Figure 5. 6 Typical example of landslide with emphasis on geology in the Mesozoic (Le et αl., 
2015b) 

α：bedding plane pαrα llel to slope; b: .fi ぬctu.res of sediment ，α！l)l rock; c: lens of coal la yer; d, e: 
slip surface αt we αk layer;f ：αerial photograph of lαndslide 

La ndslide at 
reve rse slope 

Figure 5. 7 Translational rocks slide αt Mesozoic zone 仏e et et αl., 2016) 
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At Paleozoic zone 

These incl ude A Vuong an d Ben Giang -Que Son fo1mations , and Dai Loe complexes . 

They cons ist of Cambrian to D evonian metamor phic rocks: sericite schist and magmatic rocks. 

- Metamorphic rocks are widespread , including A Vuong fo1mation , which is rich in 

quartz co mp onents cons ist ing of qu artz m ica -schist , quartz -sericite sch ist , quartz ・fe ldspar

sch ist, and sericite sch ist. 

- Magmatic rocks include the B en Giang -Que Son fo nnation and Dai Loc complex . 

These int rn sive granite magmas consist of gabbrodiorite, granodiorite, dior ite, qurutz -biot ite -

hornblende dior ite, and pegmat ite . 

Weather ing features and landslide chru・acteristics : This zone shows di ff erent weathering 

among areas . The area around Prao town has a highly weathered , sur fi cial so il layer that is 

brown w ith high contents of clay, with fr esh rocks observed at 也e river. Therefore the depth of 

the highly weathered crnst is about I 0--20 m . Lands li des in th is area are almost all sur fi cial 

sli des. Sha ll ow landsl ides occ ur as debr お slides, debris fl ows , and rotational sli des. Large ・sca le

landslides occur as combinat ions of numerous small lands li des fFigu 日 5.9).;

At areas with less weather ing , outcro ps of wea 血e1ing roc ks are vis ible along Ho Chi 

M inh road. The up per pa1t of weather ing rocks has changed to soil. The so il layer thickness 

varies: 0.5-1.5 m. The lower pa1ts of rocks show loss of strength, with discoloration. Fractures 

and crac ks ru・e moderate ly deve loped. Water and other weathered elements can penetrate 

follow ing fr ac nir es , crac ks, and weaken ing of the faceσ igur e 5.8 , Figure 5.9・b, c, d). 

Therefore , wedge sli de types are abundant in this area , but the size of this 句rp e is sma ll to 

m edium. It is therefore not m apped (Le et al., 20 16). 

Fi eld surveys show that most la nds li des in this area are surfic ial, with sha ll ow 

landslides . Foll owing the invento1y map, landslides in this Pa leozoic zone are not as num ero us 

as those in the Mesozoic zone. Among 178 lands li des with recorded topography , 77 lands li des 

were cl assi fi ed as debr is slides; 67 la nds li des were classi fi ed as rot ationa l sli des (Le et al., 

2015d). 

Figure 5. 8 Schem αtic diagram ofjoints αndfrac 知res cα use w edge slide type (Le et αl., 2016) 
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Figure 5.9 Typical example of landslide ernph αsizing geology in Paleozoic (Le et αl., 2015b): 
α：we αthered schist stone; b, c, d: w edge type; e: slump type; f debris slide 

At Precambrian zone 

Proterozo ic sli ght ly m eta m orphic rocks exposed at the river occ upy almost all of th is 

area , with dominant gne iss and sch ist consisting of quaitz , m ica, and sometimes incl uding 

hornblende be long ing to the Kh am Duc fo1mation . The re gion is ch aracterized by a ve 1y thick 

laye r of res idual soil an d comp letely weathe red materia l of I 00 m depthσ igure 5. 10・c,d). 

Weather ing features : The are a fo1med by gneiss and schist roc ks has undertake I l 

intens ive tro pica l weather g processes , creating a pro fil e with vario us chai・acte ri stics and 

th icknesses w ith a histo1y of weather ing (Figure 5 .11 ). Two deep we ather ing layers were 

observed at th is zone (o ld and new we athe1in g) . The upper po1tion is new weather ing 

cons ist ing of reddish brown soi l. It is rich in iron minera ls. The strength at the outcrop is eas il y 

cmshab le by fingers . It has highly clayey minerals (F igure 5 .10・d). In contrast, at the lowe r 

po1tion is an other feature of we ather ing that is ident ifi able. It characterizes the skeleton 

stmc nir e. It has a dark reddish brown color , semi -consol idated in sp ite of or igina l geo log ical 

stmc nir e rem ains. The skeletal st m ct ur e seems to result from melting out of some part s of 

mater ials (s uch as an 01thoclase , plagio cl ase , Figure 5 .10 ・a, b, c). These weather g 

character istics ai・e established dming a long period . Therefore , th is zone is sa id to have old 

weathe r g. ． 
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Landslide characteristics : Most observed landslides in this area are small to medium 

size and are strongly associated w ith weathered material. They develop only at the weather g 

zone. Types of landslides are sl ump and debris flow sli de s, occu nin g in intense and heaηr 

rains . During that time , it sat urates residual soil , which is poro us and fr iable and enters the 

stream fo1m ing a slump and a debris flow slide (Le et al. , 2016) . 

At other areas , we identified the relat ion between the landslide direction and geolog ical 

strnc 加res .Lands li des are strong ly affected by geological structu re s. However, the directions of 

movement in this area are var iou s, e.g ., at the Ba Hai channel are a (Figure 5.11- a). Combine d 

with geolo ♂cal stlucnires and weather g, we ded uced that the geo logical stluc 加re is no t 

rel ative to landslide compared w ith the weakness of smface geo logy because of two- laye r-d eep 

weather g (Le et αl. , 2016) . 

Figure 5.10 History of we αthe ring αt Pree αmbrian 仏e et αl., 2016): 
α：gneiss , b: medium w eαthering gneiss, c: we αthered gneiss; d: highl y we αthered gr αnite 

Figure 5.11 Landslide inventory map αt Ba Hαi channel are α（Le et αl., 2016) {I αr) ; typical 
cross section of Precambrian w eαthering (b) 
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5.4. Regional characteristics of landslides in relation to geologic al st ruct ure and weathering 

Ba sed on the discussions presented above , we infened the regional ch ara cter istics of 

land slide in V ietnam w ith explanation of the two following points related directly to geo log ica I 

strnc 加re and weathe r g ： 

Geo logica l struct ures 

Geological strncn ire s such as joints, fra cnire s, bedding planes, and rock types can 

strong ly influen ce the spatial and tempora l distribution of ma ss m ovements across a land sc ape 

in man y ways . Severa l geo logic factors identified in this study area appear to account for the 

spatial disu・ib ution of man y of the identified landslide s. For example , weak rock is more like ly 

to slide than su・ong rock . On the slope, strong rock overlying weak rocks w ill increa se potential 

sliding as a u・anslat ional slide. In the Mesozoic zone , a cuesta landfonn (Figure 5.7) was 

observed, with large ・scale landslides that are abundant in this area . Numero us landslides 

occ mTed as trans lational slide s along the bedding plane and weak la yer (mudstone and coal 

la ye r). The landslide size is a function of the slope size and coal la ye r depth. Land slide No . 18 

is a typica l one , character ed by well -bedded sedimenta1~「 rocks with high presence of coal 

la ye r lenses, cracks , and fractures (Fi gure 5.12). The se characteristics promote water 

peneu・ation and are prone to land slides . Field surveys show these features in lan dslide area s 

and also indicate that the re cent landslide is a reactivation of an older slide σigure 5.12). 

Other examples of landslides exist at le ss we athere d metamorphic rock in the Paleozoic 

zone. Landslides occur as u・anslational wedge sli de along joints and fractures when water 

peneu・ate s and weakens the face (Figure 5.8 , Figure 5.9 ・b,c, d). Most landslides are sma ll . 

Sometimes la rge land slides occur by combinations of multiple sma ll wedge slide s. In these 

cases , joints and fractures are the main factors causing landslides. 

Figure 5.12 Some evidence of landslide αc浜on wαs observed αtα part of landslide No. 18 (Le, 
2015 α） 
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W eathering 

Weathering has a prominent role in the fonnation of land sli des in hum id tropical 

re gions such as Vietnam . It is an extremely impo1tant factor. In an area that received hig h 

weather g processes (Paleozo ic, Precamblian zone) , surficial weathered mater ial layers turned 

to a loose and reddi sh brown clayey mater ial that is silty with a sandy g加ned particle size. It 

rapidly loosen s w ith increasing amounts of water. Wi 出 ra infall ,sur 白cial so il sa turate s, fo1ming 

a landslide as a debr is slide or debris fl ow (Figure 5.9 ・e，主Figure 5.11 ; Figure 5.13 ). 

Figure 5.13 Debris slide αt highly w eαthered Paleozoic river vα lley side sl ope (Le et al ., 2016) 

In areas w ith weaker weathe rin g proce ss es , such as at magmat ic roc ks of Paleozoic 

areas, the surficial cmst is a moderate ly weathered rock with many cracks and 宜actu re s in 

different direct ions . Landslides occur as wedge 句rpe slides along joint and 宜acnire planes . The 

landslide size change s greatly from sma ll to large depend ing on fracture s (Figure 5.8; Figure 

5.9・c，。
At the Ba Hai channel area , lands li des occur in many directions (Figure 5.11). That 

character istic is explainable by geology stmcture. It is not so much influent to the land slide. It 

influence s topography and weathered mater ial. Main factors contributing to the se landsli des 

include the weakness of surface weathere d materia l. 

Ba sed on 血e analysis descr ib ed above, geo lo gy stiucture and weathe rin g have played 

important roles in landslide occunence . Risk eva lu ation is expected to include geology and 

weather g factor s. The me 血odo logy will be discu ss ed based on the accumulation of field data 

and the limitation of aer ial photograph interpretation becau se of the lack of good quality 

photographs. The microtopography in the land sli de area has so me diffic ult rea li zation . 

Therefore , it is ultimately neces sary to improve the inspection sheet for application to humid 

tropica l reg ions . That incl udes geomo rph ology and geology . 

S.S. Integrated risk evaluation sheet by comb inat ion of morphology and geology fo r hum id 

tropical regions 

S.S.1. Integrated ri sk evaluation sheet 

Ba sed on AHP approach , the autho r presume s that a new integrated inspection sheet 

will combine two components: The 血・st is morphology , as mentioned in the old version . The 
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second is geologic conditions. W ith thi s comp onent , it is al so cla ssified int o large , medium , 

and small categorie s. Based on the results of aerial photograph interpretation and fie ldw or k, we 

infer that the large catego1 y w ill include the follo w ing: (1) geol ogic age , (2) bedrock li thology 

and strn cnire , (3) surficial geolog y, and ( 4) level of w eathering . Each m 勾or categ o1y abo ve 

w as also clas sified into med iu m and small cl ass ifi cations. The fi rst major catego1y is related to 

identi fi cation of the dominant m inera ls or parent rock 句rpe s and the geo logical unit. Th is 

catego1 y can be divided further int o smaller clas sifi cation s as Qua1tema1y , Mes ozoic , 

Pre cambrian , and Pale ozoic , which conesp ond with ri ver soil sediment ; Tria ssic to 也e Jur ass ic 

sed imentar y rock (c ongl omerate , gritstone , sandstone , siltstone ); schist and granite gnei ss; and 

schist , quar 包 ・sericite schist. The second m 勾or categ orγis related to the attin 1de of bedding : 

joint s, crack s, fra cmre s of rocks and strat igraphy such as sen siti ve layer between roc ks. The 

catego1 y include s three med iu m categor 吟s: attitude of bed s; pre sen ce and degree of fracmre s, 

joint s, and foliat ion and stratigraphy. Att in1des of bed s are di vided into two smal 1 

cla ssification s: bed s of rock that par 

dip into the slope . Presence and degree of fra cnrres , joint s, and foliat ion are di vided into three 

small cla ss ifications ba se on di stance between fracn rr es , joint s, and fo li at ion; le ss than 20 cm ; 

20 cm - 50 cm ; and greater than 50 cm. Stratigraph y (Sen siti ve key la yer ) has three minor 

cla ssification s: hard bed s overlying so fter ro ck (coal ); hard bed s overlying softer ro ck 

(mud stone ); and mass ive . It is the third m 勾or co ncerned w ith the level of weather ing . It w as 

di vided into fo ur small cla ss ifi cati ons cone spond ing with degree of wea 血er ing: comp letel y 

w eathered , high ly weathered , moderate ly weathered , and slightl y weathered. 

T o put the AHP score in the ne w inspection sheet , w e mu st create a score sy stem for the 

new integrated in specti on sheet. Fir st we m ust eval uate the degree of contr ibuti on of each 

mor phology and geology to ri sk evaluati on. To can y out this evaluation between two objec ts , 

AHP meth od w as used . Geomorphol ogy was dedu ced as two time s m ore imp ortant than 

ge ology and the matrix (Table 5.3 ). Re sults sho w that , of the tota l AH P score , ge om orph ology 

w ill acc ount for ・44.44 % and ge ology w ill ac co unt for ・55 .56 % .

，、 .、， 、 e、，

Pair ed 
Geomorp hology Geology We ight ve ct or 

Eigen vecto r I AHP 
co rr 】pari so n sc ore 

Geom orpholo gy 1.0 0.8 0.89 44 .44 

Geol ogy 1.250 1. 0 1.1 2 55. 56 

ヱ 2.2 5 1. 8 2.01 10 0 

T o compute and co mpare fi ve medium categor ies (P1 imai γgeologic unit (Rock type ); 

Attin 1de of beds ; Pre sence and degree of fra cmre s, jo ints , and foliati on; Stratigraph y (Sens iti ve 

key la yer ); Degree of w eathering ), a paired com pari son of ea ch ob ject w as set up. No standard 

method ex ists to ma ke a pa ir wise compari son between these objects. The author ’s judgment 

ba sed on the results co llecting from landslide invento1y map and fi eld w or k is that the prima1y 

ge ologic unit 0・oc k type ) is more impo1tant than the bed attimde. The primai γge ologic un it is 

not less impo1tant than the presen ce and degree of fra cmre s, joint s, and fo li ation and 

stratigraph y. The p1ima1y geolo ♂C unit is not far more imp o1tant than the de gree of weather g. ． 
Therefore , in the matrix , tho se ai ・e rated as 2.0, 0.25 , 0.333 , and 0.2. The same judgment s w ere 

made of relative object s and fo1m s of the completed matr ix (Table 5.4 ). We obtained 
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eigenvectors as 7.90 , 8.57, 40 .63 , 10.29 , and 32 .62. The sum of all elements in the eigenvector 

is 100. The eigenvector rep resent s relative weights among the factors that we compru ・e.In this 

study, geology compri ses 55 .56 %, so maximum AHP scores are the fo ll owing : Primary 

geolog ic unit (Rock 旬pe) is 4.39 ; Attit ude of beds is 4.76; Presence and deg ree of fracnires , 

joint s, and fo liation is 22.57; Stratigraphy (Sensitive key layer ) is 5.72; and Degree of 

weathering is 18 .12 . 

To verify the consistency of the eval uation , the consistency index (C I) was calc ulated 

as the deviat ion or degree of cons iste ncy using the following fo1mula (as de sc ribed in Chapter 

入max = 5.335 (about 2.4% e江or)

n: comparison matrix size (n =5) 

Therefor 

Cl 
Consistency ratio , CR ＝ー＝6. 98% . It is smaller than 10% , thereby the author ’s 

RI 

eval uation of geology elements is consistent. 

Do ing the sa me with for small cla ss ifications in each med iu m catego1y yields the AHP 

scores conesponding with re spective elements , as pre sen ted in Table s 5.4, 5.5, 5.6 , 5.7 , 5.8 , 

and 5.9. 

Table 5.4 Recipro cal maMx of paired comp αrison: Pri m αry geologic unit; Attitude of beds; 
Presence and degree of.fr αctures , joints ，αnd foliation; Stratigraph y；αndDegreeof 

thering 

Pr im a町 Pr ese nce 

Pai red 
geo lo gic 

Attitu de 
an d degree 

Stratigr- Degree of weight Eige n- AHP 
uni t of fr actu res, 

co m pa ri son 
(R oc k 

of beds 
join ts, and 

aph y wea th er ing vect or vecto r Sco re 

ty pe) fo lia tion 

Prima ry geologic 
1.00 2. 00 0.25 0.33 0.20 0.506 7.90 4.39 

unit (Rock type) 

Att itu de of beds 0.50 1.0 0 0.20 2.00 0.25 0.549 8.57 4.76 

Pres enc e and 
deg ree of 

4.00 5.00 1.00 3.00 2.00 2.605 40.63 22.57 
frac tur es, joints , 
and fo liat ion 

Stratigraphy 3.00 0.50 0.33 1.0 0 0.25 0.66 0 10.29 5.72 

Degree of 
5.00 4.00 0.50 4.00 1.00 2.091 32.62 18.12 

weathering 

エ 13.50 12.50 2.28 10 .33 3.70 6.412 100. 0 

Tα ble 5. 5 Reciproc αi mα tri. χ ofp αired comp αrison: Qu αrtern αry; Prec αrnbri an; Pαleozoic ；αnd 

Paire d 
com par ison 

Q ua terna 町

Q uaterna 町

1. 00 

Pr ecam br ian 

2.00 

Mesozoic 

Paleozoic 

3. 00 

95 

M esozoic 

1.00 

weig ht I Eigenv 
fact or I ector 

1.57 I 34.45 

Sco re 
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Pa ire d 
Q ua ternary Precam br ian Paleozoic M esozoic 

weig ht Eigenv 
Sco re 

com parison factor ector 

Precambrian a.s o 1. 00 2.00 0.33 0.76 16 .73 1.93 

Paleozoic 0.33 0.50 1.00 0.33 0.49 10 .69 1.23 

M esozo ic 1. 00 3.00 3.00 1. 00 1.73 38 .13 4 .39 

L 2.83 6.50 9.00 2.67 4.54 100.0 

λma x = 4.042 

C I = 0 .014 

C R = 1. 56 % < 10 % 

Tα ble 5.6 R eciprocal mα 枚以 ofp αired comp αrison between beds of rock th αtp αrα llel or dip in 
the sα me direction αs the slope α！nd beds th αt dip into the s/ , 

Paired comparis on 

Beds of roc k that pa rallel or 

dip in the same direct ion as 

the slope 

Beds that dip into the slope 

L 

λma x = 2 .0 0 

C I = 0 .00 0 

C R = 0 .00 % < 10 % 

Beds of roc k that para ll el 

or dip in the same 

direct ion as the slope 

1.00 

0.33 

1.33 

Beds that 
Weig ht 

dip into 

the slope 
facto r 

3.00 1.73 

1.00 0.58 

4 .00 2.31 

Eigenve 
AHP 

ctor 
Score 

75 .00 4.76 

25.00 1.59 

100 .00 

Tα ble 5. 7 R eciprocal mα 枚以 ofp αired comparison between distances of fract もires, joints, 

Pa ired 
Nu m erous Few (d istance Ve 町few

We ight Eigenv 
(dista nce less ra ngi ng from (dista nce greater Score 

co m parison 
than 20cm) 20cm to SO cm) than SO cm) 

factor ector 

N umerous 

(di stance 
1. 00 2.00 3.00 1. 82 53.96 22 .57 

between less 

than 20 cm) 

Few (distan ce 

ra nging from 0.50 1.00 2.00 1.00 29.70 12.42 

20 cm to SOcm) 

Ve 町few

(dis tance grea ter 0.33 0.50 1.00 0.55 16 .34 6.84 

than SOcm) 

L 1.83 3.50 6.00 3.37 100 .00 

λma x = 3.0 09 

C I = 0 .00 5 
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C R = 0 .79 % < 10 % 

Table 5.8 Rec 伊rocal matrfr of pa ired compari son betv. 仰 1 hard beds overla ying softer rock 
(coαl ); hαrd beds overlavin 交 softer rock (rnudst one ); rn αssive 

Hard beds Hard beds 
Weight Eigenve 

Paired comp arison overlaying softer ov erlaying softer M assive Score 

rock (coal .. ) rock (mud stone .. ) 
factor ctor 

Hard beds ov erlayi ng 
1.00 0.90 4.00 1.53 44.25 5.72 

softe r rock (coa l.. ) 

H ard beds ov erlayi ng 

softer rock 1. 11 1.00 3.00 1.49 43 .13 5.57 

(mudsto ne .. ) 

Mass ive 0.25 0.33 1.00 0.44 12.61 1.63 

2 2.36 2.23 8.00 3.46 100 .00 

λma x = 3.01 7 

C I = 0 .00 9 

C R = 1.4 8 % < 10 % 

Table 5.9 R eciproc αl matrix of paired comparison betv. 1een completel y w eathered , highl y 
thered, moderately w eαthered , and sliKhtl y w eathered 

Pa ired Comp letely Hi ghly Mod erat ely Slight ly Weight 
Eigenvec tor Score 

compari son weath ered w eat hered weathered weathered factor 

Comple tely 1.00 3.00 5.00 7.00 3.20 56.69 18 .12 

w eathe red 

Hi gh ly 0.33 1.00 3.00 5.00 1.50 26 .48 8.46 

weathered 

Mode rate ly 0.20 0.33 1.00 2.00 0.60 10.70 3.42 

w eath ered 

Slight ly 0.14 0.20 0.50 1.00 0.35 6.12 1.96 

weathe red 

2 1.68 4.53 9.50 15 .00 5.65 100 .00 

F in all y, deve lop the new in teg ra ted in spe ct ion shee t as show n in F igu re 5 .14 
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Fig ure 5.14 Example of new 初spe cti on sheet for humid tr opical regions 

5.5 .2. Case study appli 臼 tion sand di scu ssion 

For ap plication , landslide (LS) No. 18 ; LS No. 3; LS No. 163 , LS No. 171 , and LS No . 

371 were recomputed. Results are presented in Table 5.10. Few differ 国 ice s are apparent 

between the two re sults when applying Japan ’s in spection sheet and the integrated ins pection 

sheet. 

Lands li de AHP sco re when use AHP sco re when use 
Level of risk 

number Japan ’s inspection sheet integrated in spection sheet 

03 46.20 42 .92 Med iu m risk 

18 70.00 71 .20 H igh risk 

163 57.30 62 .35 Med iu m risk 

171 54.80 61.24 Med iu m risk 
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371 25.25 32 .31 Med iu m risk 

This sheet was developed based on an AHP approach , the author ’s fieldwork , and the 

author ’s opin ion . Few collected data are rela ted to soil characteristics , relations between 

geolog ic condition s, and landslide occunence s. The sheet al so ha s not been much di scussed . 

For that reason , one cannot define the degree of agreement when applying this sheet. It is an 

initial sheet that incl udes numero us limitations. Neve11hele ss, fm 1her discu ss ion of血is matter 

seem s unnece ss 創γ．

5.6 . Summary of achieved results and di scu ss ion 

This chapter ha s accomplished the following : 

a) Japan ’s in spection sheet wa s applied for ・ri sk eva lu ation in 3 5 ca se studies in the 

study area . In each ca se st udy , the total risk leve l was evaluated. 

b) The relation between geologic condition s and land slide occun ・ence s （旬pe ,pattern ) 

wa s shown strongly in the study area. The area was cla ss ified into fo ur geo logical zones 

(Quatema1y , Me sozo ic, Paleozoic , and Precambrian ). In each geological zone , landslide 

occ un・ence s have their own characteri stic s in relation to geology . 

c) Japan ’s inspect ion sheet was shown to have some limitation s when app li ed to humid 

tro pica l region s such as V ietnam. It should be modified becau se geology is not de scribed in 

ri sk evaluation . 

d) U sing the AHP approach ，出e author produced and propo sed an integrated inspection 

sheet for hum id tropica l region s. Thi s incl ude s geolog ical factor s and reevaluat ion using an 

AHP approach. It r百 nain s in the initial stage of development , pre senting some limitation s and 

I刊 uhing more disc ussion becau se it ha s been not di scussed much. 

99 



Contents 

CHAPTER 5. RISK EVALUATION AND AP PROACHES FOR HUM ID TROPICA L 

REGION .......... .・ ・…・・・．．．．．．．．．．・…・・・・．．．．．．．．．．・…・・・・．．．．．．．．．．…・・・・・．．．．．．．．．．…・・・・・．．．．．．．．．．…・・・・・・・・・・・・・・….... ........ 77 

5.1. Introduction of Japan ’s inspection sheet for ri sk evaluation ......・ H ・・H ・H ・H ・H ・－－……77

5.2. Appli cation of Japan ’s Land slide in spe ction sheet fo1 ・risk evaluation in V ietnam 

.. . 81 

5.3. Limitat ion of Japan ’s Lan dsli de in specti on sheet w hen applied in V ietnam and 

the imp ortan ce of ge ologic condit ions in ri sk evaluati on fo r hum id tropical region .. ..…・・….85

5 .3 .1. Lim itat ion of Japan 's Landslide inspe ction sheet w hen app li ed in Vie 阻am8 5 

． 5.3 .2. Impo1tan ce of geological strn cnire and weathe r g in risk evaluation for 

humidt:ropicalreg ion .... ・H ・....・ H ・....・ H ・....・ H ・－…....・ H ・....・ H ・－…....・ H ・－….... ・H ・－…・・ H ・H ・....・ H ・....・ H ・.85

AtQuatema1γzone .・・・…．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．・・・・・・・…・…・・・・…・・…・…・・・・…・・..................... 85 

At M esozoiczone .・・・・・・・・・・…....・ H ・....・ H ・....・ H ・....・ H ・…・・・…・・…・・・・…・・・・…・・…・・・・…・・・・…...... 86 

AtPa leozo iczone. ……….. ..・ H ・－…....・ H ・....・ H ・－…....・ H ・....・ H ・－….... ・H ・－－・・H ・H ・........・ H ・... 89 

AtPrecambr ianz one ....・ H ・....・ H ・－…… H ・H ・.... .・H ・－…・…一・・・・…・・・・…・・・・…・・…・・・・…・・… H ・H ・.. 90 

5.4 . Regiona l characteristics of lan dslide s in relation to ge ological strncnire an d 

weathe1ing ….. .・ H ・.. .... .・ H ・.... .・ H ・－….. .. ・H ・.... ・H ・.... ・H ・...・ H ・・・H ・H ・.... .・ H ・.. ..・ H ・.. .・ H ・－….... ・H ・.... ・H ・.... .92 

5.5. Integrated ris k eval uation sheet by combination of m orph ology and ge ology fo r 

humi dtropicalregions .. .. ... ...... ......... ....... ... ...... ........................ .... .... ....................... .. ............. 93 

5. 5 .1. Integrated risk evaluation sheet ............ .... .... ... .. ....... ....... ... .. ..... .. ................. 93 

5.5 .2. Ca se sn1dy applications and disc uss ion ...・ H ・H ・H ・－－－－－…・・・・・・…・・…・・・・…・・・・……….98

5.6. Summa1y of achie ved results an d di sc uss ion …H ・H ・－…H ・H ・－… H ・H ・－…H ・H ・......・ H ・－….99

Figure 5.1 A mode l of changing proce ss of the out line an d inter ior of land slide 

top ograph y base d on the autonom ous land sli de de strnction with the suspended stage (M iyag i et 

al. ,2004 ）.・・ ・・・・・・…．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．・・・…．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．・・・・・・・・・…... 78 

Figure 5.2 Example of inspection sheet (Le et al. , 2014a ）：…….... ・H ・........ ・H ・....・ H ・....・ H ・83

Figure 5.3 Stereo pair of aeria l photograph s (D2-99 ・04 ・228 & 229 ) showing land slide 

N o.163 ・….... ・H ・－－…・…・….... ・H ・.... ・H ・－－…....・ H ・.. .. ・H ・－－－….. .. ・H ・－….. ..・ H ・.... .. ....・ H ・.... ・H ・－－－….. ..・ H ・－・83

Figure 5.4 Stereo pair of aeria l photograph s (D2-99 ・06-415 & 416 ) showing land slide 

N o. 102 (Leetal. ,20 16）…....・ H ・....・ H ・....・ H ・－…....・ H ・－－…・・….. ..・ H ・－….. .. ・H ・－…・・ H ・H ・....・ H ・....・ H ・－…….. 84 

Figure 5.5 Typica l example of landsli de related to ge ology in the Q uaternar y zone (Le 

etal. ,20 15b ): ...・ H ・.......... ...・ H ・－－・…・・・…・・…・…・…....・ H ・....・ H ・－…....... ...・ H ・－－・・・・・・・・…・・・・・…・....・ H ・－……87

Figure 5.6 Typica l example of land slide with empha sis on ge ology in the Me sozo ic (Le 

etal. ,20 15b ) ........ .. ....... .......... .. .... .. .. ......... ... .. ・・…・・・・・…．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．・…・・・…... 88 

Figure 5.7 Translational rocks slide at Me sozoic zone (Le et et al. , 20 16) .. .. ・H ・.. ... ・H ・... 88 

100 



Figure 5.8 Schematic diagram of joints and fracnire s cause wedge slide type (Le et al., 

2016) …・・・・ ・… ・・・・ … ・・・・ ・…・ ・・ …・・ … …・・・・ ・…一・・・ …ー・.. . ..89 

Figure 5.9 Typica l example of landslide emphasizing geology in Paleozoic (Le et al ., 

2015b ）：.・・・…・・・・・・・・・・…．．．．．．．．．．・・・・…．．．．．．．．．．・・・・…・…・・・・・・・・・・…．．．．．．．．．．・・・・・…．．．．．．．．．．・・・・・…・・・・・・・・・・…・・…・….. .. ... 90 

Figure 5.10 H isto1y of weathering at Precambr ian (Le et al., 20 16）：… H ・H ・....・ H ・－…...・ H ・.91

Figure 5. 11 Land sli de invento 1y map at Ba Hai channel area (Le et al ., 2016) (a); 

旬pica lcross section of Precambrian weather g (b) .. ..... ..... .. ............................. .. ..... .. ..... .... ..... 91 

Figure 5.12 Some evidence of landslide action was observed at a pa rt of landslide No. 

18(Le,2015a) ....・ H ・－－－－－－….. . . .. . . . . ...・ H ・.. . ...・ H ・.. . 92 

Figure 5.13 Debri s slide at highly weathe red Pa leozo ic rive r valley side slope (Le et al ., 

2016) …・・・・ ・… ・・・・ … ・・・・ ・…・ ・・ …・・ … …・・・・ ・…一・・・ …ー・.. . ..93 

Figure 5.14 Example of new inspection sheet for hum id tropical region s.…...・ H ・...・ H ・... 98 

Table 5 .1 Weight val ue of each mo rpho logical item fo1 ・risk evaluation (Miyagi et al., 

2004) ・・ ・・・ ・・・ ・・・ … ・・・ ・・ ・・ ・・ … .. . .. . .. . .. .. . .. . ..8 1 

Table 5.2 Res ults of AHP sco re fo1 ・36 land slide units (Le et al., 20 16) .... .・H ・...... ..・H ・.. .84 

Table 5.3 Reciprocal matrix of paire d comparison between geomorphology and 

geo logy …….. .. .・ H ・－…一…H ・H ・－－－….. ...・ H ・－…H ・H ・－…H ・H ・－…H ・H ・－・….. .... ・.. ...... ・H ・－…一－……ー….. .. ... ・H ・.94

Table 5.4 Rec iprocal matr ix of paire d comparison : Primary geologic unit ; Attin 1de of 

beds; Pre se nce and deg ree of fracnires , joints, an d foliation ; Stratigraphy; and Degree of 

weathering ….... ・H ・－….. .. ・H ・.. .....・ H ・－….... ・H ・.... .・….... ・H ・－….. .. ・H ・... ・H ・－… H ・H ・.... .・ H ・.... .・ H ・.. ..・ H ・.. .. .・.. .95 

Table 5.5 Reciprocal matrix of paired comparison : Qua rtema1y ; Precambrian ; 

Paleozoic ;a ndMe so zoic ... ・H ・.....・ H ・..... ・H ・－－…...・ H ・－－－….. .・ H ・.....・ H ・.... .・ H ・－－….. .・H ・－－…...・ H ・.....・ H ・H ・H ・.95

Table 5.6 Rec iprocal matrix of paired comparison between be ds of rock that para ll el or 

dip in the sa me direction as the slope and bed s that dip into the slope ..…・・・・…・・・・…・・.. .・ H ・・H ・H ・... 96 

Table 5.7 Reciprocal matrix of paired comparison between di stance s of fracture s, joints, 

foliation .. .・ H ・….. .・ H ・－－….. .・ H ・......・ H ・－－…….. .・ H ・.. ... ・H ・.. ... ・H ・－－…・….. .・ H ・－－….. .. ・H ・..... ・H ・－－….. .・ H ・... ..・ H ・... 96 

Table 5.8 Rec iprocal matr ix of paired comparison between har d beds overlaying softe r 

rock (coal) ; hard bed s overlaying so fter rock (mudstone ); mas sive ....・ H ・....・ H ・....・ H ・－…....・ H ・－……97

Tabl e 5.9 Rec iprocal matrix of paired comparison between complete ly weathe red , 

highly weathere d, moderately weathered, and slightly weathered .…… H ・H ・－…… H ・H ・.. ....・ H ・－….. 97 

Table 5.10 Result ofrisk eva luation by two in spection sheets ....・ H ・....・ H ・－…....・ H ・－－…….. 98 

101 



CHAPTER 6. DISCUSSION AND CONCLUSIONS 

This study is intended to contr ibute to knowledge related to land slide problems in 

Vie 阻am by recognizing ex isting landslide s from aerial photograph interpretation and by 

assessing the probability of landslide occun ・ence. Japan has achieved success in thi s area , but 

that success m ust be trans lated to Vietnam and other humid tropical regions. 

In the last five chapters , resu lts were discussed. Several conclusions were obtained . In 

these sections , the main di sc uss ions and concl usions are related to the key point s conesponding 

to the init ial objectives of this st udy . Fina ll y, some recommendation s were made for add itional 

work. 

6.1. Landslide mapp ing 

A landslide invento1y map is the ba sic for geomorphological analys is and risk 

assessment. Dur g 也e co ur se of this s加dy ,a land slide invento1y was mapped using aedal 

photograph interpretat ion . Using th is method , land slides and ma ss movement feanires were 

classified and mapped based on the morpho log ical signanires left by the landsl ides: 

+ In the s加dy area of Japan , small-scale aerial photograph s were used. Therefore , 

micro -topograph ic feature s left by landslide s are clearly identifiable . Fie ldwork was cond ucted 

to el ucidate 出e mechanisms fonning the se features. 

+ In the sn1dy area of Vietnam , we est ablished six sheets of the landsl ide invento1y map 

with 685 ident ified landslide areas . Then we tran sfened them to GIS. However , sur face s and 

small landslide s were not ident ifiable because of so urce data limitation s. Therefore , invento1y 

map s only clari 町large -sca le land sli des. By combination of fieldwork and geological maps , 

distrib ution tendencie s of large sca le land slide topography were character ed clearl~「 with

geological fea 加res .

A landsl ide invento1y map of the study area was produced using aerial photograph 

interpretation. Th is map is extremely useful for people to define the spatial locations of 

land slide site s. The map is a ba sic data source for applied landslide re sea rch and management 

eff 01ts to improve strategies for indu strial and infra strnctural ri sk management. 

In Vietnam , detection and mapp ing of land slides using aerial images pre se nt s a 

cha ll enging ta sk that depends strongly on the quality of so ur ce data and expedence s of 

morphologist and interpreter. Fo1mal standards for identification do not exist. The interpreter 

cla ss ifie s land sli de morphological fonns ba se d on experience , and on analysis of a set of 

character istics (s ignanires) that are identifiable on the image s. 

For land slide s examined in thi s study, mass movement feature s have been cla ss ified 

and mapped based on the morphologica l signatures left by the feature s. The se signatures are 

unique to the type of movement observed. 

For deve loping countr ies such as Vietnam , data acq uisit ion in the field is usuall y 

extremely expensive. Often in cases of large -sca le landslide s, that proce ss is unaffordable . In 
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such cases , using aerial photographs for landsl ide study proved to be extremely usefu l to 

present a general view of lands li des . 

6.2. Landslide risk evaluation 

For translat ing Japan ’s inspection sheet, which invo lves geomorphic features within 

and outside of landsl ides into Vietnam ’s situation, the author attempted application for ・35 case 

stud ies. Some micro-features were found to be difficult to ident iちrbecause of the scale of 

photographs. High -quali ty photographs are not available at the moment. Therefore , it is one 

reason for ・the necessity to mod i町the sheet in the future. 

The author cond ucted 白eldwor k and recogn ized that the characteristics between 

landslide distr ibution and geology, including weather g features , can be summarized as 

explained below : 

- Q uatemaiy: Geology limited to ai・eas near Kham D uc town. Landslides occur along 

river side slopes . Large ・scale landsl ides are combinat ions of numerous small surface landslides . 

Topographic features are of a size that strongly affects the basal lava covering strnctures such 

as a caprock . 

-Mesozoic : Lands li de distributions are extremely common. The size also shows great 

divers ity. Causative factors of landslides shou ld be regai・ded as a deep slope established by 

geolog ical structures along with disu・ ibution of weak layers such as coal and ser icite fine 

mater ials. Weathering processes make a ve1y poor contr ibut ion here. 

- Paleozoic: Landslides in this ai・ea have a 句rpical distrib ution. A few large -scale 

landslides have occun ・ed ,but numerous small lands li des were observed in the field. Small 

landslides are affected su・ongly by weather g and geological su 11 c加res such as smface and 

shallow landslides distributed at weathering slopes. Wedge 句rpe slides can occur at some 

pai1ia ll y deep weathering joints . 

- Precambr ian . Precambrian geology is character ed by widely var us landslide 

distrib utions. However , a poor relation is shown with geological stmctures. The landslide and 

direct ion ai・e appai・ently influ enced by the topographic features. The Precambrian geology 

rece ives ve1y deep and strong weather ing processes. Therefore, lands li de defo1mation and 

distrib ution might resu lt from material weaknesses that ai・e related directly to deep weathering. 

Based on the factors described above, risk evaluation sho uld incl ude geology and 

weather g factors . The methodology will be disc ussed based on the accumulation of fie ld data 

and the lim itations of aeria l photograph interpretation because of the lac k of high-quality 

photographs. The micro-topography in the landslide area has some difficu lt rea li zat ion . 

Therefore , it is ultimately necessa1y to improve the inspection sheet for application to humid 

tropica l regions . Geology should be descr ibed in the inspection sheet along w ith morpho logical 

featmes. 

To prod uce the integrated inspection sheet , the AHP approach was used. Criteria were 

put into a mat1ix. Eve1y pailw ise or degree of contrib ution of criterion was compai・ed and 

judged . A score system was established conesponding to each criter n. An integrated 

inspection sheet for humid tropical re ♂on was produced involving morphology and geolo 白r． 
The AHP score aITangement was restl 11 ctured into a new inspect ion sheet. It is in the initial 
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stage of development: it reta ins so me lim itat ion s and requires more di sc uss ion becau se it has 

been little discu ss ed to date . 

6.3. Recommendations for additional work 

The lack of source da ta in Vietnam ha s led to diffic ulti es related to th is study. Therefore , 

a key recommendation fo1 ・出is point is to keep invento1y updated more often . Furthe1more , 

greater study and discussion are needed to produce a high-qual ity land slide invento1y. 

The integrated in spec tio n sheet shou ld be disc uss ed m uch more . Expe1ts on geology , 

mo rphology , and land slide mechanic s can gather and di sc uss each parameter in the shee t 

By analyz ing and applying landslide mapp ing and ris k evaluation , it is the m 出or 's

hope tha t thi s study will contri bute to landslide hazard reduc tio n in Vietnam. 
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APPENDIX A : LANDSLIDE INVENTORY MAP 
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APPEND 以 B: DATABASE ATT 悶BUTE DESC 問PTJONS FOR LANDSLIDE INVENTORY MAP 

l..uldali de 
l..ongtit.I 刈・ La titude 旬Cm、側｝、Wi 側、

An・(k m2) Land ・Id・typ ・M ov 割問何t F•帽 to
B“ 『田 k Form ・ti。n 。．。loev .，・ Affect to A刊町 t t・

Nun 世ber r剛、 di ，..ば ion 市 町 R岨 d H ou” 
(1) 包｝ (3) (4) (5 】 (8) (7) (8】 （’】 (10 ) (11) (12) (13 ) (14) 

101 ・ 49 ・13 .728" E 15' 46' 15 .753N N 1269 333 0.38 R。tat 』ona lSlide S9 .5E Yes San。d。s~。~。e町，、siltston e. N。ng s。n f。rm a ti 。n -
Mesoz 。，c Yes N。

erate Uooer Subformation 

2 107 ' 48 ・47.,045" E 15' 46 ・21 .021H N 818 210 0,16 Trans lati 。na lSlide S14 .6E N。 Sands tone, siltstone . N。ng Son formati 。n -
Mesozoic Yes N。

con d。merate Uooer Subf. 。rmation
3 101 ・ 48 ・11.100" E 15' 46 ・30 .178H N 495 470 0.21 Rotat 』。na lSlide W55 .5S No 

Conglomerate, sandstone . 
Ban c。fo rmat ion Mesozo 時 Yes N。

s1ltst 。帥
4 107' 48 ・9.653" E 15' 46 ・50.959H N 248 218 0,07 Rotationa l Slide N74W N。 Cong ’om er冶te, sandstone. Ban Co fo rmat ion Mesozoic Yes No 

silts to 問

5 107 ・48 ’11,651nE 15 ・46 ・59 .395H N 308 162 0.04 Rotationa l Slide W43S N。 Siltstone, sandstone Khe Ren format ion Mesozoic Yes N。
6 107 ・47' 55.252" E 15' 46' 59 .425H N 175 390 0.07 Trans lationa l Slid e S19E N。 Siltstone. sandstone Khe Ren format i。n Mes 。z。ic Ye s N。
7 107' 47' 47 .461" E 15' 46 ・48 .153H N 293 178 0,04 Rotationa l Slid e S51 .28E N。 Siltstone. sandst 。ne Kh e Ren forma ti 。n Mesoz 。IC Yes N。
8 107 ・47 ・36.808" E 15 ・46 ・43 .172 H N 286 166 0,04 Rotationa l Slide W61 .44S No Siltstone sandstone Khe Ren format i。n Mes oz 剖C Yes No 
9 107 ・47' 37.262" E 15' 46 ' 54 .776 " N 266 156 0.04 Rotationa l Slide W19 .2S N。 Siltstone sandstone Khe Ren format ion Mesozoic Yes N。
10 107 ・47' 20.025" E 15 ・47' 2乙970H N 395 223 0.07 Rotationa l Slide W58 .5S N。 Siltstone. sandst 。ne Huu Char 、h fo rm a ti 。n Mes oz 。io Yes N。
11 107' 46 ' 29.390" E 15' 47 ・20 .672H N 118 66 O.ol R。tationa lSlide W49 .5S N。 Silts to ne. sandstone Huu Chanh fo rma tion Mes oz 。，c Ye s N。
12 107' 46 ’20.609" E 15' 47' 17 .560H N 214 143 0,03 R。tationa lSlide S7 ,02E No Siltstone sandst 。ne Huu Cha i、h form a ti 。n Mes 。ZOIC Yes N。
13 107 ・46 ’11 .176" E 15 ・47 ・16 .418 H N 372 287 0,06 Rotationa l Slide SlSE No Siltstone sandstone Huu Chanh format ion Mes 。zoic Yes N。
14 107 ・45 ’42.431H E 15 ・46 ・5S.294H N 432 312 0.13 Ro 同 tiona lSlide W64 ,8S N。 Siltstone, sandstone Huu Chanh fo rma tion Mesozoic Yes N。
15 107 ・45 ’2.550H E 15' 47' 16 .281H N 573 421 0.23 R。tat 』ona lSlide NSSW N。 Siltstone, sandstone Huu Char 、h f。rm a ti 。n Mes 。z。ic N。 No 

16 107' 44 ・19.699" E 15' 48 ・48 .901H N 217 301 0,06 Rotationa l Slid e E9.36N Yes 
c。ng，。m erate, sandstone. 

Ban c。fo rmat 1。n Mesozoic Yes No 
副院sto 憎

17 107° 43 ・44.853" E 15 ・48 ・46 .472H N 1805 904 1.34 Rotationa l Slide S53 .4E Yes 
Conglomerate . sandst 。ne. Ban Co f，。rmation Mesozoic Yes N。剖ltst 。同

18 107' 43 ・33 .455" E 15' 48' 2S.519H N 2288 986 1.95 Rotationa l Slide S56E Yes 
Cong ，。merate, sandstone. 

Ban c。fo rma t1。n Mesozoic Yes N。
剖肱sto 問

19 107 ・42 ・57.333" E 15 ・48 ・18.82r N 730 841 0,74 Debri s slide W77 .55S Yes San~~~：；：~：i~~one, Nong s。n format ion -
Meso zoic Yes N。

Uooer Subformation 

20 107 ・42 ・46 .482" E 15' 48' 15 .838H N 326 144 0.05 Rotat 』ona lSlide W69 .5S Yes San~。s~。~。e~siltstone, N。ng Son format•。n -
Mesozoic Yes N。

erat e Uoo er Subformation 

21 107° 43 ’25 .929" E 15 ・48 ・19 .218 H N 1730 703 0,89 Rotationa l Slide S55E Yes 
Conglomerate, sandstone. 

Ban c。f。rma tion Mesozoic Yes N。
siltstone 

22 107 ・42 '38 .727" E 15' 48 ・46 .991H N 500 240 0.12 Debr is slide N74 .6W Yes 
Sandstone, siltstone. N。ng s。n format ion -

Mesozoic Yes N。
con .domerate Uoo er Subformation 

23 107' 39 ’23 .472" E 15 ' 51 ’0.926H N 456 427 0,16 T同 ns lationa lSlide W38S Yes Gne issogranite 
Da i Loe comp lex - Phase 

Paleozo ic Yes N。
24 101 ・ 39 ’15 .902" E 15' 51 ・46 .905H N 204 110 0.02 Trans lati 。na lSlide W29S Yes Gneissogranite 

Da i Loe c。mp lex - Phase Pale 。z。ic Yes No 

25 107' 43 ・6.093H E 15' 48 ・58 .203H N 907 214 0,25 Debr is Slide S9 ,05E N。 Sands t。ne ，剖iltston e, N。ng Son format ion -
Mes 。ZOIC N。 N。

condomerate Uooer Subformation 

26 107' 43 ・20.394" E 15 ° 48 ’5.611" N 390 318 0.10 Rotationa l Slide S75E No 
c。nglomerate .sandstone. 

Ban C。fo rm a ti。n Meso zoic Yes No 
silts 柏崎

27 107' 43 ' 30.235" E 15' 48 ' 1.788H N 316 307 0.08 Rotationa l Slide S4E N。 c。ngl 。merate, sandst 。ne.
Ban c。fo rmat ion Mes 。ZOIC N。 N。

S I肱stone

28 107° 43 ・39.662" E 15° 47 ・5九839H N 405 146 0,06 Ro 旬 tiona lSlide S21E N。 Cong ’omerate . sandston e, Ban Co fo rmation Mesozoic No N。
siltst 。ne

29 101• 43 ' 46 .460" E 15• 48 ’7.232" N 826 552 0.44 R。tat 』ona lSlide S38E N。 c。ngl 。merate. sandstone. 
Ban c。f。rmat 1on Mes 。ZOIC N。 N。

S I肱st 。ne
30 107° 43 ・46.486" E 15' 47 ・53.185 H N 181 227 0,04 Rotationa l Slide W85S N。 Con gl。me 問 te, sandst 。ne ,

Ban Co forma tion Mes 。ZOIC N。 N。
siltstone 

31 107 ・43 '55.342" E 15' 47' 58 .321H N 512 237 0.12 R。tationa lSlide S46E Yes 
Congl 。merate, sandstone . 

Ban c。fo rmati 。n Mesozoic N。 N。
s1ltst 。ne

32 107' 44 ・2.392 ”E 』5• 48 ’4.754H N 359 394 0,13 Rotationa l Slide S65E Yes 
c。ngl 。me 聞 te, sandst 。ne.

Ban Co fo rmat ion Mes 。ZOIC N。 N。
siltst 。ne

33 107 ・44 ’5.586 ”E 15 ・48 ’29 .284H N 817 774 0.61 Rotationa l Slide S52 .4E Yes 
Cong ，。merate, sandstone , 

Ban c。format ion Mesozoic N。 N。
siltstone 

Trang114 



(1) 【2) (3) 【4) (6) (8) (7 】 (8) （’】 (10 】 (11) (12) 【13) <14) 

34 107 ・43 ・49 .2 94N E 15・47 ・46.124" N 275 98 0,03 Debris Slide E10 ,05N N。 Cong ，。merate .san dst。ne,
Ban c。format i。n Mesoz 刷。 N。 No 

silt st 。問
35 107• 45 ’51 .420" E 15' 47 ・20.609" N 441 315 0.15 Trans lat 1。na lSli de W45 .75S N。 Silt stone. sandstone Khe Ren f。聞、ati on M esozoic N。 N。
36 107' 38 ’20 .470N E 15' 58' 47 .018" N 475 120 0.08 Rotationa l Slide S76E N。 Sandstone . Schist 

A Vuong fo rmation -
Paleozoic N。 N。

Midd le Subfo 円nation
37 107° 38 ’10 ,1 4r E 15' 58 ’34. 005" N 140 163 0.D2 Deb ris Slide SlOE N。 Sandstone, Schist 

A Vuong fo rmation -
Pa leo zoic N。 N。

Midd le Subf ，。円nation
38 101 ・ 38 ' 23 .329N E 15' 58' 26 .468" N 210 282 0.05 Trans lat iona l Sli de E58N N。 Schist 

A Vuong fo rmati 。n -
Pale 。z。ic N。 N。

Uooer Subfonnation 

39 107 ・38 ・45 ,465N E 15・58 ・38. 581" N 335 184 0,06 Rotationa l Slide E14N N。 Schist and gneiss 
Kham Due fonnat ion -

Pa le 。zoic N。 N。
Uooer Subformation 

40 107 ° 37' 59 .920" E 15' 58 ・10 .763" N 194 190 0.03 Deb ris Slide E55N N。 Schist 
A Vuong form ation -

Pale 。zoic N。 N。
Uooer Subfonnation 

41 107' 40 ・4.8 82 ”E 15' 57 ・5乙151" N 231 186 0,04 Rotationa l Slide W63S Yes Schist 
A Vuong formati on -

Paleozo ic N。 N。
UllJler Subformation 

42 107 ・40 ’17 ,1 69NE 15 ・57' 53.912" N 20 2 184 0.03 Debr is Slide W67S Yes Schist 
A Vuong formation -

Pa leo zoic N。 No 
Uooer Subfonnation 

43 107' 40 ’28 ,715N E 15' 57 ・54.7 39" N 172 173 0,02 Deb ris Slide W89S Yes Schist 
A Vuong formation -

Paleoz 。ic N。 N。
U ooe r Subfonnation 

44 107 ・40 ・19 .021N E 15 ・56 ・54 .547" N 239 251 0.06 Trans lat io na l Sli de S79E N。 Schist 
A Vuong formation -

Pa le ozoic N。 N。
L。wer Subfonnation 

45 107' 39 ’35 .535N E 15 ' 56' 14 .895" N 94 68 0.01 Tr官、slat i。na lSli de W17S N。 Schist 
A Vuong f，。rm a ti 。n -

Pale 。z。ic N。 N。
L。wer Subfonnabon 

46 107 ・39 ・33 ,792N E 15 ・56 ・11 .302" N 241 134 0,03 Trans lationa l Sli de W18S N。 Schist 
A Vuong formation -

Pa leoz oic N。 N。
L。wer Subf ，。円nation

47 101・ 40 ’25 .700N E 15 ' 56' 13 .878" N 239 148 0.04 Trans lat iona l Sli de S29E N。 Schist 
A Vuong formati 。n -

Pale 。z。ic N。 N。
Lower Subfonnation 

48 107 ・40 ’30 ,38r E 15 ・56 ・13.980 " N 250 87 0.D2 Rotationa l Slide S38E N o Schist 
A Vuong fo rmati on -

Pa leo zoic No N。
Lower Subformation 

49 107 ・42 '56 .234N E 15' 56 ’2乙883" N 651 220 0.18 Deb ris Slide E76N Yes Schist 
A Vuonc formati 。n -

Pale 。zoic N。 N。
L。wer Subfonnation 

50 107' 43 ・22 .817 ”E 15' 56 ・38.9 28N N 531 323 0,17 Deb ris Slide N 51W Yes Schist 
A Vuong fo rmation -

Paleozo ic N。 N。
Lower Subf ，。nnation

51 107• 43 ’34 .045N E 15 ・56 ・30 .295" N 597 385 0.32 Debr is Slide NSOW Yes Schist 
A Vuong formation -

Pa le 。z。ic N。 N。
Lower Subfonnat 』。n

52 107' 44 ’36 ,37r E 15' 55 ・50 .081" N 930 280 0,48 Debr is Slide S47E Yes Gneissograni te 
Da i Loe comp lex - Phase 

Paleozo ic N。 No 

53 107' 44 ・22 .994N E 15・54 ・58.772" N 753 769 0.64 Debr is Slide E40N N。 Schist 
A Vuong formation -

Pa le 。zoic N。 N。
Lower Subfonnation 

54 107' 43’55 ,815N E 15 ' 54 ・4九770" N 778 272 0,18 Deb ris Slide N22W N。 Schist 
A Vuong formation -

Pale 。z。ic N。 N。
L。wer Subfonnabon 

55 107° 43 ・45 ,024N E 15' 54 ・53. 280" N 299 288 0,06 Rotationa l Slid e N 56W N o Schi st 
A Vuong fo rmation -

Pa leo zoic No N。
L。wer Subfonnation 

56 101・ 43' 31.803N E 15 ' 54 ・4乙534" N 767 759 0.52 Debr is Slide E74N N。 Schist 
A Vuong fo rmation -

Paleoz 。ic N。 N。
Lower Subf・ 。nnati 。n

57 107° 44 ・25 ,646N E 15° 54 ・23.629 " N 713 272 0,60 Trans lat iona l Sli de S27E No Gneiss 。gran ite
Da i Loe co mple x - Pl 国 se

Pa leo zoic N。 N。
58 107 ・43 ’2.975" E 15 ' 53 ’34.410" N 1390 768 1.05 Trans lat i。na lSli de S35E No Gneiss 。cranite Da i Loe comp lex - Phase 

Pale 。zoic N。 N。
59 107' 41 ・16 .274N E 15' 53 ・30.642 " N 1871 694 1,58 Rotationa l Slide N 59W N。 Gneiss 。gran ite

Da i L。c c。mp lex - PI 祖 se
Pa le 。zoic N。 N。

60 107° 39 ・45 .574" E 15 ・54’10 .046" N 717 265 0.18 R。tationa lSlide S28E Yes Schist 
A Vuong f。rmat ion -

Pa le 。zoic N。 N。
L。wer Subfonnation 

61 107' 39 ’31,956N E 15• 54 ’8,489N N 600 394 0,21 Deb ris Slide S37E N。 Schist 
A Vuong fo rmati 。n -

Pa’e。zoic N。 N。
Lower Subfonnati 。n

62 107' 39 ・6.750 ”E 15' 54 ・18.271" N 456 165 0.0 8 R。tationa lSlide S43E N。 Schist 
A Vuong formation -

Pa le 。zoic N。 N。
L。wer Subformation 

63 107 ・38 ’22 .600N E 15 ' 54 ・35 .611" N 417 75 0,05 0・br is Flow W13S Yes Schist 
A Vuong formati 。n -

Pale 。zoic N。 N。
Lower Subfonnation 

64 107 ・38' 28 .51r E 15 ' 54 ' 28. 783" N 501 185 0.D7 Debr is Fl。w W15S Yes Schist 
A Vuong forrr 抽 ti 。n -

Paleozoic No N。
Lower Subfonnation 

Trang115 



(1) 【2) (3) 【4) (6) (8) (7 】 (8) （’】 (10 】 (11) (12) 【13) <14) 

65 107 ・38 ・36.468H E 15 ・54 ・3乙233 " N 676 333 0,17 Debris Slide N41W N。 Schist 
A Vuong formation -

Pale 。zoic N。 No 
Lower Subfonnation 

66 107' 38' 5.692" E 15 ' 54 ・32.816" N 662 124 0.10 Debris Fl 。w E13N Yes Schist 
A Vuong formation -

Paleozoic N。 N。
L。wer Subfonnation 

67 107' 38 ・14 .994N E 15' 53 ・5九861" N 512 120 0,08 Debris Flo w E36N Yes Schist 
A Vuong f。rmation -

Paleozo ic N。 No 
Lower Subfonnation 

68 107 ・37' 52 .880N E 15 ・53 ・3乙599" N 761 275 0.20 Debris Flow S50E Yes Schist 
A Vuong formation -

Paleozoic N。 No 
L。wer Subfonnat 』。n

69 107' 39 ’48 ,970N E 15' 50 ・43 .337" N 2000 222 1.51 Debr is Fl。w W28S Yes Schist 
A Vuong f。rm a ti 。n -

Pale 。z。ic Yes N。
L。wer Subfonnati 。n

70 107' 41 ・36 .688" E 15' 51 ・11 .845" N 2016 398 1.28 Debris Flow S53 .8E Yes Schist 
A Vuong formation -

Paleozoic N。 N。
L。wer Subf ，。円nation

71 107' 43 ・30 .1 04N E 15 ' 51 ・35 .499" N 400 720 0.30 Tr 町、slati 。na li苅1de S31 .33E Yes Schist 
A Vuong formation -

Pale 。z。ic N。 N。
L。w er Subfonnabon 

72 107 ・39 ・41 ,802N E 15 ・49 ・3乙779 " N 420 51 4 0,19 Rotationa l Slid e S23E Yes Schist 
A Vuong formation -

Paleozoic N。 N。
L。wer Subf ，。円nation

73 107 ・40 ’12 .625N E 15' 49 ’5.538N N 410 469 0.16 Debr is Slide S31 .55E No Schist A Vuong formation - Pale 。zoic N。 N。
L。w er Subfonnation 

74 107 ・39 ’26 ,576N E 15 ・48 ・43.016 " N 293 343 0,0 9 Rotationa l Slide S19 .38E No 
Conglomerate , sandstone. N。ng s。n formation -

Mesoz 。ic N。 N。
siltst 。ne Lower Subfonnation 

75 107 ・40 ’2.877 ”E 15' 48 ’37.049" N 519 714 0.34 R。tat 』ona lSlide N4 乙68W N。 c。n&I 。merate. sandst 。ne . N。nc Son f。rm a ti 。n -
Mes 。z。ic N。 N。剖ltst 。帥 L。wer Subfonnation 

76 107' 39 ’21 .741N E 15' 48 ・24.039" N 662 305 0.20 Rotationa l Slide E78 ,45N N。 Cong ’om erate, sandst 。ne, N。ng s。n formation -
M esoz 。，c N。 N。

silt s to 問 Lower Subfonnation 

77 107 ・39 ’13.581H E 15 ・48' 9.4 51" N 350 320 0.11 Trans lat i。na lSli de E57 .76N No 
Conglomerate, sandstone, Nong Son f。rmat ion -

Meso zoic N。 No 剖ltst 。帥 L。wer Subfonnat 』。n

78 107° 38 ’54 .1 69" E 15' 48 ・18.416 " N 540 310 0,17 T問問lati 。na lSli de E56 ,28N N。 Cong ’omerate, sand 抗one. N。ng Son formation -
M esoz 。，c N。 No 

剖ltst 。問 Lower Subfonnation 

79 107 ・38 ・28.221H E 15 ・47 ・23.350" N 858 285 0.26 Debris Slide S42E N。 c。ng，。merate .sandstone. Nong s。n formation - Mesoz 。，c N。 N。
s1lt st 。同 L。wer Subfonnation 

80 107' 38 ' 39.296" E 15 ' 46 ' 53.315" N 262 183 0.04 Tr 割、slati 。na lSli de S51E N。 Sandston e 
Song Bung formation -

Mesozo ，。 N。 N。
Uooer Subfonnation 

81 107 ・38 ・41.569" E 15 ・46 ・59 .079 " N 256 168 om Trans lat iona l Sli de S35E N。 Sandstone 
Song Bung formation -

Mesozoic N。 N。
Uooe r Subfonnation 

82 107' 38 ' 50 .432" E 15• 47'3 .l ll"N 317 463 0.12 Debris Slide N89W N。 Sands t。ne s。ng Bung formation - Me s。z。，c N。 N。
Uoo er Subfonnation 

83 107' 38 ・54.478H E 15 ・47' 18.795 " N 204 240 0,04 Rotationa l Slide WlS No 
Cong ’omerate, sandstone , Nong s。n format ion -

Mesozoic No N。
siltst 。ne Lower Subfonnation 

84 107 ・39 ・27 .9 43" E 15' 47 ・4.874" N 1032 508 0.50 Trans latio na l Sli de S66E No 
c。n&I 。me rate, sandst 。ne. Nong Son formation - Me sozoic N。 No 

s1lt st 。n& L。wer Subfonnati 。n
85 107' 39 ’31..324" E 15' 47 ・21.140" N 1022 620 0,62 Trans lat iona l Slide S70E N。 c。ngl 。merate, sandstone, N。ng Son formation -

Mesoz 。，c N。 N。
S I肱stone Lower Subf ，。円nation

86 10 7' 39 ’30.862H E 15 ' 47・44 .783" N 750 630 0.40 Trans lat i。na lSli de S85E N。 Cong ’omerate, sandstone, Nong Son formation -
Me sozoic N。 No 

s1lt st 。問 L。wer Subf ，。円nation

87 107° 39 ’44 .434" E 15' 47 ・34.312 " N 212 172 0,03 Debris Slide W49,3S N。 c。ngl 。merate, sandst 。ne, N。ng Son format ion - Mes 。z。，c N。 N。
siltstone Lower Subfo 円nation

88 107' 39 ・45.566" E 15' 47 ・27.260" N 261 214 0.0 5 Debris Slide W43S N。 c。nglomerate, sandstone , N。ng s。n formation -
Meso zoic N。 N。

siltst 。ne Lower Subfonnation 

89 107' 40 ・6.371" E 15' 47・43.337" N 647 316 0.20 Tr 副首lati 。na lSli d・S36 .65E N。 c。ngl 。m erate ，日ndst 。ne. N。ng s。n format ion - Mes 。z。，c N。 N。
副院st 。問 Lower Subfonnation 

90 107' 40 ・31..324" E 15 ' 47 ・43.862 " N 396 412 0,26 Trans lat iona l Sli de SSE N。 Sandstone, siltstone , Nong s。n format ion -
Meso zoic No N。

c。ndomerate Uooer Subfonnation 

91 107' 40 ’31.840" E 15' 47' 39.472" N 19 4 256 0.04 R。tationa lSlide N2..31W N。 Sandstone ，割iltstone , N。ng Son f。rrr 、at 1on -
Me s。ZOIC N。 N。

c。ndomerate Uoo er Subfonnation 

92 107' 40 ・44 .1 36H E 15' 47 ・25 .105" N 361 256 0,08 Rotationa l Slide W89S Yes Sands~o民n’：m，剖e~~ne, Nong Son formation - Mes 。ZOIC N。 N。
co Uooer Subfonnation 

93 107 ・40 ’57.Q34" E 15 ' 47' 23.522" N 268 245 0.06 Rotationa l Slide S57E Yes San~~~~~：i~~ne, N。ng Son formatio n -
Mesozoi 。 N。 N。

Uoo er Subfonnation 

94 107' 41 ・9正）（）4＇’E 15' 47 ・20.310 " N 320 335 0,10 Trans lat iona l Sli de W57S Yes 
Sandstone, siltstone , N。ng s。n f。rmat 1on -

Mesozoic N。 N。
condome 同 te Uooer Subfonnation 
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95 107 ・40 ・54 .1 39N E 15 ・47 ・13.949 " N 591 850 0,40 Rotationa l Slid e E74N Yes San~~~o民n，。e,;,:'!5:ne, N。ng Son formation - Mesoz 刷。 N。 No 
Uooer Subformation 

96 10γ41 ・9.565 ”E 15' 47 ・5.658" N 438 274 0.11 Tr ans lat i。na lSli d・ E32N Yes San~~~~，；， siltstone , N。ng Son fom 、at1on -
Me sozoic N。 N。

erate Uoo er Subformation 

97 107' 41 ・21.632N E 15' 47 ・4乙912" N 714 596 0,56 Tr 官官lationa lSli de S45E N。 Sandst 。ne ，副社stρne , Nong s。n format•。n -
Mesozo ic N。 No 

condomerate Uooer Subformation 

98 107 ・41 ・30.o4r E 15 ・48 ’6.433" N 335 256 0.o7 Debris Slide W77S No 
Sandstone, siltstone, Nong S同on format1 。n -

Mesozoic N。 No 。。ndomerate Uooer Subformation 

99 107' 41 ’37 .1 22N E 15' 48 ’o.21r N 307 278 0,08 Debris Sl ide W47S N。 Sandstone, siltst 刷、e, N。ng Son format ion -
Mesoz 。，c N。 N。

condomerate Uooer Subformation 

100 107• 41 ・33 .744" E 15' 47' 46.309" N 450 530 0.20 Rotationa l Slide N88W N。 San。d。s~。：；。e,;,:i!':ne, Nong s。n format1 。n -
Mesozoic N。 N。

Uooer Subf•。何nation

101 107' 41 ・47.590N E 15' 47 ・44.580" N 329 677 0.21 Rotationa l Slide S69E No 
Sandstone, siltstone. N。ng s。n forrr 、ati 。n -

Mes oz 。，c N。 N。
condomerate Uoo er Subformation 

102 107 ・41 ・45.374" E 15 ・47' 28.228 " N 295 301 0.o7 Rotationa l Slid e S60E N。 Sandstone, siltstone, Nong Son format ion -
Mesozo ic N。 N。

cond 。merate Uooer Subformation 

103 107 ・41 '32.579" E 15' 47' 24 .461" N 388 553 0.19 R。tat 』ona lSlide W39S No 
Sandstone, siltstone . N。ng Son formation -

M esoz 。ic N。 N。
condomerate Uoo er Subformation 

104 107 ・41 ’50.285N E 15 ・47 ・2乙755 " N 361 292 0,0 8 Rotationa l Slide W26S No 
Sandstone .剖ltstρne , N。ng s。n formation -

Mesoz 。ic N。 N。
c。nd。me rate Uooer Subformation 

105 107 ・41 ・24 .1 46" E 15' 47' 13.860" N 346 379 0.11 R。tat 』ona lSlide S50E Yes San。d。s~。：；。e,;,:'!':ne. N。nc Son f。rm a ti 。n -
Mes 。z。io N。 N。

Uoo er Subformation 

106 107' 41 ・38.691" E 15 ' 47 ・14.023" N 254 199 0,05 Rotationa l Slide W80S Yes 
Sandstone, siltstone , N。ng s。n formation -

M esoz 。，c N。 N。
co ".! £12me 悶 te Ueeer Subf•。rmation

107 107 ・41 ・26.286" E 15 ・47' 5.728" N 250 300 O.o7 Rotationa l Slide N45W Yes 
Sandst 。ne, siltstone, Nong Son f。rmation -

Me sozoic N。 No 
c。ndomerate Uooer Subformation 

108 107' 41 ・33.555" E 15' 46 ・58.366 " N 316 193 0,05 Debris Sl ide E61N N。 Sand stone ，副iltstone , N。ng Son format io n -
M esoz 。，c N。 No 

condomerate Uooer Subformation 

109 107 ・41 ・10.525" E 15 ・46 ・39 .138" N 720 336 0.24 Rotationa l Slide S19E Yes San。d。·~。：；。e,;,:i~~ne, Nong s。n formation - Meso z。，c N。 N。
Uooer Subformation 

110 107• 41 ’14 .993" E 15 ' 46 ' 34 .314" N 331 215 0.06 Debris Slide S28E Yes 
Sandstone, siltstone . Nong Son formation -

Mes ozo ，。 N。 N。
condomerate Uooer Subformation 

111 107 ・40 ・56 .670 " E 15 ・46 ・33.158" N 452 302 0,12 Trans lationa l Sli de S2E Yes 
Sandstone, siltstone , Nong S岨n format io n -

Mesozoic N。 N。
con d。me rate Uooer Subformation 

112 107• 40 ’58 .795" E 15 ' 46 ' 48.52 1" N 975 328 0.23 Trans lati 。na lSli de S lOE Yes 
Sandstone , siltstone, N。ng Son formation - Me s。z。，c N。 N。

conlllomerate Uooer Subformation 

113 107' 40 ’33 .1 66N E 15 ・46 ・54.279 " N 1258 572 0,83 Rotationa l Slide W85S Yes San~~~~m，副e~~ne, Nong s。n format ion -
Mesozoic No N。

Uooer Subformation 

11 4 107 ・40 ’21.252" E 15' 46 ’48.839" N 175 570 0.09 Debris Slide N67W No San~~~~，；，：~~~ne. None Son formation - Me sozoic N。 No 
Uooer Subformation 

115 107' 40’ 27~79" E 15' 46 ・39.680 " N 445 275 0,08 Rotationa l Slide W84S Yes 
Sandstone, siltstone , N。ng Son formation -

Mesoz 。，c N。 N。
c。ndomerate Uooer Subf•。πnation

116 10 7' 40 ’23 .739" E 15' 46 ・36 .048" N 207 180 0.04 Debris Slide W81S Yes 
Sandstone, siltstone, Nong Son formation -

Me sozoic N。 No 
oondomerate Uooer Subformation 

117 107' 39 ’45 .401" E 15' 46 ・24.457" N 227 240 0,05 R。tationa lSlide N83~W N。 c。ngl 。merate, sandst 。ne. N。ng Son format ion - Mes 。z。，c N。 N。
siltstone Lower Subfo 円nation

118 107・ 39 ・56 .9 83" E 15' 46 ’8.386" N 425 403 0.14 Debris Slide N86W N。 c。nglomerate, sandstone. N。ng s。n formation -
Meso zoic N。 N。

siltst 。ne Lower Subformation 

119 107' 39 ’53 .663" E 15' 45 ・48.319 " N 910 354 0,29 Tr 副首lati 。na lSli d・N4 .67W N。 c。ngl 。m erate ，日ndst 。ne. N。ng s。n format ion - Mes 。z。，c N。 N。
副院st 。問 Lower Subformation 

120 107' 39 ・18.581" E 15 ' 45 ・53.495" N 689 207 0,18 Trans lat iona l Sli de E30 ,65N N。 Conglomerate , sandst 。ne, Nong s。n format ion -
Meso zoic No N。

siltst 。問 L。wer Subformation 

121 107' 39 ' 14.345" E 15• 46 ’5.4 13" N 685 214 0.15 Trar 、slati 。na lSli d・E29 .6N N。 Conglomerate. sandstone. N。ng Son f。rrr 、at 1on -
Me s。ZOIO N。 N。

S I肱st 。ne Lower Subf1 。m 抽 ti 。n
122 107' 39 ・14 .1 89N E 15' 46 ・20 .108 " N 1018 394 0,38 Trans lationa l Sli de E13 ,32N N。 Congl 。merate, san dst 。ne, Nong Son format io n - Mes 。ZOIC N。 N。

siltst 。問 L。wer Subf•。rmation

123 107 ・42 ’47 .661" E 15 ' 47' 19 .201" N 561 263 0.14 Rotationa l Slide S38E N。 Cong ，。merate. sandstone. 
Ban Co formation Mesozoi 。 N。 N。

町ltst 。附
124 107' 42 ・53.371N E 15' 47 ・33.492 " N 385 274 0,11 Rotationa l Slide W89S N。 c。ngl 。merate, san dstone , 

Ban c。format ion Mesozoic N。 N。
siltst 。ne
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125 107 ・43 ・13.646N E 15 ・47 ・29.946 " N 956 843 0,69 Rotationa l Slid e SSE N。 Cong ，。merate .sandst 。ne,
Ban c。formati 。n Mesoz 刷。 N。 No siltst 。問

126 107• 43 ' 38 .743" E 15' 47 ・34 .922" N 286 245 0.07 Tr ans lat i。na lSli d・ S56E Yes c。ng’omerate. sandstone. Ban C。f。円v、ation Me sozoic N。 N。
solt st 。帥

127 107' 42 ・56 .769N E 15' 46 ・14.117" N 1629 945 1.43 Rotationa l Slide E81N Yes Cong ’omer ョte. sandstone , Ban Co formation Mesozo ic N。 No silts to 問
128 107 ・43 ・30 .709N E 15 ・46 ・38.602" N 1473 966 1.40 Rotationa l Slide N29W Yes Cong ’omerate, sandstone, Ban Co formation Mesozoic N。 No 

solt st 。間
129 107' 45 ’51,856N E 15' 50 ・16 .138" N 555 938 0,43 Comp 。und side S15E N。 c。ngl 。merate, sandst 。ne.

Ban c。format ion Meso z。，c N。 N。
siltst 。憎

130 107' 45 ’56J)45N E 15' 49 ・56.304 " N 1006 835 0.73 Compound slide W41S N。 Cong ’omerate . sandstone. Ban Co formation Mesozoic N。 N。
silt sto 問

131 107' 46 ・12 .742N E 15' 49 ・28.720" N 1457 1260 1.65 c。mpound slide W38S No 
Cong ，。me 巾 te, sandstone. 

Ban Co format1 。n Me s oz 。，c N。 N。
剖Its to 附

132 107 ・46 ’22 .720N E 15・50 ’45 .62 1" N 840 600 0.42 Rotationa l Slid e W43S Yes 
Sandstone, siltstone, Nong Son format ion -

Mesozo ic N。 N。
con.d 。merate Uooer Subformation 

133 107 ・46 '36 .714N E 15' 50' 47 .993" N 440 380 0.17 R。tat 』ona lSlide W45S No 
Sandstone, siltstone, N。ng Son formation -

M esoz 。ic N。 N。
condomerate Uooer Subformation 

134 107 ・46 ’35 」J79N E 15 ・50 ・23.33 1" N 845 699 0,62 Rotationa l Slide W45S Yes 
Conglomerate . sandstone. 

Ban Co formation Mesoz 。ic N。 N。
siltst 。ne

135 107 ・46 ・47 .989" E 15' 49 ’50.527" N 736 489 0.23 R。tat 』ona lSlide W73S Yes 
c。n&I 。merate. sandst 。ne.

Ban c。f。rm a ti。n Mes 。z。ic N。 N。
剖ltst 。帥

136 107' 46 ・50 .1 20N E 15' 50 ・1.928N N 263 167 0,05 Rotationa l Slide W85S N。 Cong ’omerate, sandst 。ne, Ban c。formation M esoz 。，c N。 N。
silts to 問

137 107 ・46 ’58 」J80N E 15 ・49 ・5乙.04 喝” N 530 23 0.10 Rotationa l Slide W51S No 
Conglomerate, sandstone, Ban G。f。rm a ti。n Mesozoic N。 No 

剖ltst 。帥
138 107' 47' 20.650N E 15' 50 ’0,604N N 200 184 0,04 T問問lati 。na lSli de W35S N。 Sandstone ，副iltstone , N。ng Son format io n -

M esoz 。，c N。 No 
conolomerate Uooer Subformation 

139 107 ・47' 19 .735N E 15 ・50 ・15 .394" N 515 450 0.20 Rotationa l Slide W50S N。 San。d。·~。~。e,;,:i~~ne, Nong s。n formation - Mesoz 。，c N。 N。
Uooer Subformation 

140 107' 47' ll.081N E 15 ' 50' 20 .684" N 591 569 0.24 Rotationa l Slide S36E N。 c。ngl 。merate, sandst 。ne.
Ban c。format 1。n Mes ozo ，。 N。 N。

siltst 。問
141 107 ・47 ・4.688" E 15 ・50 ・30.167" N 862 645 0.47 Rotationa l Slid e S41E N。 Conglomerate , sandstone, 

Ban Co formation Mesozo ic N。 N。
siltst 。問

142 107' 47' 1.743" E 15 ' 50' 4乙623" N 413 245 0.11 Rotat 』ona lSlide S34E N。 Sandstone , siltstone, N。ng Son formation - Me s。z。，c N。 N。
conlllomerate Uooer Subformation 

143 107' 47' 41.104 N E 15 ・51 ・21 .262" N 878 691 0,58 Trans lat iona l Slide W43S No San~~~~m，副e~~ne, Nong s。n format ion -
Mesozoic No N。

Uooer Subformation 

14 4 107 ・47' 49.840N E 15' 50 ’27 .121" N 644 742 0.44 Rotat 』ona lSlide W39S Yes San~~~~，；，：~~~ne. Nong Son formation - Me sozoic N。 No 
Uooer Subformation 

145 107' 48 ・2.787 ”E 15' 50 ・11 .222" N 298 180 0,05 Rotationa l Slide S10E Yes 
Sandstone, siltstone , N。ng Son formation -

Mesoz 。，c N。 N。
c。nolomerate Uooer Subf•。πnation

146 107' 48 ・6.072" E 15' 50 ・51 .513" N 650 290 0.18 Debr is Fl。w W60S N。 Sandstone , siltstone, Nong Son formation -
Mesozoic N。 No 

oondomerate Uooer Subformation 

147 107' 48 ’28.39r E 15• 50 ・5乙291" N 530 567 0,29 R。tationa lSlide W20S N。 Sandst 。ne, si 壮stρne , N。ng Son format ion - Mes 。z。，c N。 N。
cond 。merate Uooer Subformation 

148 107' 48 ・42 』93N E 15 ' 50 ・44 .699" N 221 232 0.0 6 Debris Slide W7S N。 San。d。·~~，；，：i~~ne, N。ng s。n formation -
Meso zoic N。 N。

Uooer Subformation 

149 107' 48 ’36 .791N E 15' 50 ・37 .954" N 799 309 0,17 Debris Slide W3S N。 Sandstone, si ltstρ ne. N。ng s。n format ion - Mes 。z。，c N。 N。
c。nd。merate Uooer Subformation 

150 107° 50 ・30.272N E 15 ° 51 ・4乙777" N 428 557 0.21 Rotationa l Slid e S67E N。 Sandstone, siltstone , Nong s。n format ion -
Meso zoic No N。

c。ndomerate Uooer Subformation 

151 107' 50 ’14 .622N E 15' 51 ・30 .210" N 568 402 0.24 R。tationa lSlide SSOE N。 Sandstone ，割iltstone , N。ng Son f。rrr 、at 1on -
Me s。ZOIC N。 N。

c。nlllomerate Uoo er Subformation 

152 107' 50 ・4.425" E 15 ' 51 ・1乙252" N 207 290 0,06 Rotationa l Slide S51E N。 Sands~o民n’：m，剖e~~ne, Nong Son format io n - Mes 。ZOIC N。 N。
co Uooer Subformation 

153 107 ・50 ’3.125" E 15• 50 ’26 .592" N 686 240 0.18 Debris Flow S40E N。 San~~~~，；，：i~~ne, N。ng Son formation -
Mesozoi 。 N。 N。

Uooer Subformation 

154 101・ 50 ・12 .464N E 15' 50 ・21 .005 " N 590 240 0,17 Debr is Fl。w W65S N。 Sandstone, siltstone , N。ng s。n f。rmat 1on -
Mesozo ic N。 N。

con.tome 同 te Uooer Subformation 
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155 107 ・51・17 .76 1N E 15 ・50 ・45.765" N 808 379 0,31 Rotationa l Slid e S45E N。 San~~~o民n，。e，；，：•~：ne, N。ng Son format io n -
Mesoz 刷。 N。 No 

Uooer Subformation 

156 107° 50 ・55.256 ”E 15' 50 ・0.848" N 537 563 0.27 Rotationa l Slide W18S N。 San~~~~，；， siltstone , N。ng Son fom 、at 1on -
M esozoic N。 N。

erate Uoo er Subformation 

157 107' 51 ・8.8 15 ＇’E 15' 49 ・46 .221" N 632 711 0,39 Rotationa l Slide W81S N。 Cong ’ome rョte. sandstone , Nong s。n format•。n -
Mes ozoic N。 No 

silts to 問 Lower Subformation 

158 107 ・51 ・18.S3r E 15 ・49 ・59 .395" N 306 340 0.08 Rotationa l Slide E7.64N No 
Sandstone , si ltsto ne, Nong S同on format 1。n -

Mesozoic N。 No 。。ndomerate Uooer Subformation 

159 107' 45 ’24 .940N E 15' 48 ・45 .144" N 178 125 0,01 Rotationa l Slide N 40W Yes 
c。ngl。merat e, sandst 。ne.

Ban c。format ion M esoz 。，c Yes N。
siltst 。憎

160 107• 45 ’28.225N E 15' 48 ・46 .728" N 141 97 O.o2 Rotationa l Slide N25W Yes 
Cong ’ome rate . san dstone. 

Ban Co fo rm ation Mesozoic Yes N。
silt sto 問

161 107' 45 ・41.000N E 15' 48・48.547" N 547 498 0.22 Rotationa l Slide N 36W Yes 
Cong ，。me 巾 te, sandstone, 

Ban Co format 1。n M es oz 。，c Ye s N。
剖Its to 附

162 107 ・45・59 .6 41N E 15・48 ’49 .061 " N 749 585 0,34 Trans lati ona l Sli de N 18W Yes 
Cong ’omerate , sandstone, 

Ban Co fo rm ation Mesozo ic Yes N。
silt st 。附

163 107 ・46 '22 .418N E 15' 48' 28 .503" N 1345 867 1.17 Trans lat iona l Sli de N15W Yes 
Cong ，。merate, sandstone, 

Ban c。f。rmat i。n M esoz 。ic Yes N。
剖ltst 。附

164 107 ・46’19.S35N E 15・48 ・4乙098" N 1110 755 0,81 Trans lat iona l Sli de N 16W Yes 
Conglomerate . san dstone. 

Ban Co format io n Me soz 。ic Yes N。
silt st 。ne

165 107 ・46' 9.889 ”E 15' 48’57 .550" N 372 307 0.10 R。ta t』ona lSlide N3W Yes 
c。n&I。me rate. sandst 。ne .

Ban c。f。rm a ti。n Mes 。z。io Yes N。
剖ltst 。帥

166 107' 46 ・28.871N E 15' 48 ・45.509 " N 837 494 0.20 Rotationa l Slide N6W Yes 
Cong ’om erate, sandst 。ne,

Ban c。format io n M esoz 。，c Yes N。
silts to 問

167 107 ・46 ’30 .4 7r E 15 ・48 ・50.779" N 649 135 0.13 Debris Slide NSW Yes 
Conglomerate, sandstone, 

Ban G。f。rm a ti。n Mesozoic Yes No 
剖lt st 。帥

168 107' 46 ' 46 」l30 H E 15 ' 48・58 .156" N 461 328 0,15 Rotationa l Slide N2 0W Yes Cong ’omerat e, sand 抗one. Ban Co format ion M esoz 。，c Yes No 
剖lt st 。問

169 101・ 46 ・41.009H E 15 ・48 ・51 .306" N 59 3 534 0.31 Trans lat i。na lSli de N19W Yes 
c。ng，。merate .san dstone. 

Ban Co format i。n Mesoz 。，c N。 N。
s1lt st 。同

170 107' 46' 52 .11 7" E 15 ' 48' 47 .284" N 1049 60 5 0.63 Tr割、slat i。na lSli de N 19W Yes 
c。ngl。m erate, sandst 。ne.

Ban c。format 1。n M esozo ，。 N。 N。
silts t。問

171 107 ・46 ・58 .3 95H E 15 ・48 ・24.723 " N 1672 598 1.00 Trans latio na l Sli de N21W Yes 
Conglomerate , sandston e, 

Ban Co fo rmation Mes ozoic N。 N。
silt st 。問

172 107' 45 ’34.964 H E 15 ' 4 7' 49. 933" N 291 178 0.05 Rotationa l Slide W74S N。 Silt stone, sandst 。ne Huu Chant 、f。rmat 1。n M esoz 。，c N。 N。
173 107' 45 ’40 .448H E 15' 47 ・46. 162" N 942 317 0,29 Debr is刊ow W18 .68S N。 S1lts t刷、e sandstone Huu Char 、h format i。n M esozoic N。 N。
174 107・ 51 ’44.S 58H E 15 ・47 ・43.660 " N 784 592 0,50 Rotationa l Slide S44E No San~~~~m，副e~~ne, Nong s。n format ion -

Mes ozoic No N。
Uooer Subformation 

175 107 ・52 '20 .458H E 15' 48’17 .828" N 686 593 0.34 Rota t』ona lSlide S54E No San~~~~，；，：~~~ne. Nong Son format ion -
M esozoic N。 No 

Uooer Subformation 
176 107' 47 ・0・204" E 15' 47' 17 .207"N 285 537 0,15 Tr ョns lat i。na lSli de SO.SE N o Silts tone sandstone Huu Chanh format i。n Me sozoic N。 N。
177 107 ・46 ’44.536" E 15' 47 ・10.680 " N 656 235 0,15 Rotationa l Slid e S11 .5E N o Silts ton e sandston e Huu Char 、h format ion M esozoic No N。
178 107 ' 46 ・52 .905H E 15 ' 47 ・0.1 20" N 526 216 0.12 Ro 旬 tiona lSlide W52 .6S N。 Silt s旬 ne, sandstone Huu Chanh format ion Meso zoic N。 N。
179 107' 46' 35.299H E 15 ' 47' 3.233H N 472 180 0.09 Rotat 』ona lSlide S36E N。 Silt stone, sandstone Huu Chant 、format 1。n M es 。ZOIO N。 N。
180 107' 46 ’31 .684H E 15• 46’ss .010・ N 206 247 0,02 R。tationa lSlide S87E N。 Siltstone sandst 。ne Huu Chanh fo rmat i。n M esoz 。，c N。 N。
181 107・ 46 ・18 .165H E 1s・ 46 ・54 .582" N 349 80 0,04 Rotationa l Slide WO .SS N。 Siltstone sandstone Huu Chanh f。rm a ti。n Mes ozo 阻 N。 N。
182 107 ' 46 ’20.S89H E 15' 46 ・4乙.090" N 360 150 0.05 Debr is刊ow W43 .41S No Silt st。ne, sandst 。ne Huu Chanh format ion Me soz 。，c N。 No 
183 107 ・46 ’10 .646H E 15 ・46 ’38.416" N 222 169 0.03 Rotationa l Slide S60 .87E No Siltstone. sandst 。ne Huu Char 、h form a ti。n Mesozoic N。 N。
18 4 107' 46・7.621" E 15 ' 46・2九093" N 132 202 0,0 2 Tr官官lati 。na lSli de W8 1,5S N。 Siltston e. sandstone Huu C hanh format i。n M esozoic N。 N。
185 107' 46 ・19.688 H E 15' 46 ・31.526" N 524 167 0.10 Debr is刊ow W3 6.78S N。 Silts tone sandst 。ne Huu Char 、h f。rm a ti。n Me sozoic N。 N。
186 107 ・47' 28 .703" E 15 ・46 ・36. 752" N 217 208 0,04 Trans lat iona l Sli de W17 .22S N o Silts ton e sandston e Khe Ren form ation Me sozoic No N。
187 107 ・47' 50..0S6" E 15・46 ・36.403" N 212 143 0.03 Trans lat iona l Sli de S48 .7E N。 Silt stone, sandstone Khe Ren fo rm at ion Meso zoic N。 No 
188 101・ 47 ・32.085" E 15 ' 46' 25.473" N 178 104 0.02 Rotationa l Slide E8 .75N N。 Silt stone, sandst 。ne Kh e Ren fo rm at i。n Mes 。ZOIC N。 N。
189 107' 47' 37 .4 74H E 15' 46・10 .7 69" N 225 333 0,07 R。tationa lSlide E1S N Yes 

c。ngl。merate, sandstone, 
Ban c。format 1。n M es 。z。，c N。 N。

silt st 。ne
190 107・ 4 7' 42 .9 82H E 15' 46 ・13.777" N 238 308 0.06 R。tationa lSlide W21S Yes 

Cong ，。merate, san dst。ne,
Ban C。f。rmat ion Mes oz 。，c N。 N。

引It sto 附
191 107 ・48 '24 .779H E 15 ' 46’5,559H N 302 319 0,08 Rotationa l Slid e E15 ,47N Yes 

Sandst 。ne, silts tρne, N。ng Son forrr 国 t1。n -
M esozoic N。 N。

c。nd。me rate Uooer Subformation 

192 107 ・48' 37.494H E 15 ' 45 ・45.719 " N 293 137 0.04 R。tationa lSlide E41 .4N Yes 
Sandstone, siltstone , N。ng Son format ion -

Me soz 剖 C No N。
oond 。me rate Uooer Subformation 
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193 107 ・48 ・4. 176" E 15 ・45 ・44.105 " N 1249 400 0,24 Comp 。und slide N40W Yes San~~~o民n，。e，；，：•~：ne, N。ng Son format ion - Mesoz 刷。 N。 No 
Uooer Subformation 

194 101• 47' 54 .1 60" E 15 ' 45' 50 .172" N 230 302 0.06 Rotationa l Slide E51N N。 c。ng’omerate. sandstone. Ban C。f。円v、at ion M esozoic N。 N。
solt st 。帥

195 107' 47' 41.439" E 15' 45 ・43.383" N 1426 1027 1.28 Deb ris Slide N7W Yes Cong ’ome rョte ,sandstone , Ban Co format io n Mesozoic N。 No silts to 問
196 107 ・47' 18 .4 58" E 15 ・45 ・58.712" N 750 615 0.44 Debris Slide E76N Yes Cong ’omerate, san dstone. Ban Co format ion Mesozo ic N。 No 

s1lt st 。間
197 107' 46 ’53 .873" E 15' 45 ・59 .374" N 552 682 0,33 Deb ris Slide E59 N Yes Silts tone sandstone Khe Ren fo rm at i。n Mesoz 。，c N。 N。
198 107 ・46 ・51.465" E 15 ・45 ・48.437" N 1310 2155 1,30 Debris Slide E88N Yes 

Conglomerate , sandstone. 
Ban Co f，。rmat io n Mesoz 。。c N。 N。

si lt st 。問
199 107 ・46 ・21 .特ザ’ E 15 ・45 ・48.761" N 1292 561 0.64 Deb ris Slide N26W Yes Silt stone. sandstone Khe Ren format ion M esozo 出 N。 N。
200 107' 46 ・11.599" E 15 ' 45 ・33.279" N 962 352 0.35 Debris Slide N16W Yes 

Cong ，。me 巾 te, sandstone, 
Ban Co format 1。n Mes oz 。，c N。 N。

剖Its to 附
201 107 ・45 ・38.()60 " E 15 ・45 ’31 .308" N 461 443 0,18 Deb ris Slide N 70W Yes Cong ’omera te, sandstone, Ban Co fo rm ation Mes ozo ic N。 N。

silt st 。附
202 107 ・45 ’30.800" E 15' 45 ・19 .508" N 406 426 0.15 Debris Slide N76W Yes 

Cong ，。merate, sandstone, 
Ban c。f。rmati 。n Me soz 。ic N。 N。

剖ltst 。附
203 107 ・45 ’19.840" E 15 ・45 ・11.333 " N 181 23 1 0,04 Debr is Slide N 52W Yes 

Conglomerate , sandstone. 
Ban Co format io n Me soz 。ic N。 N。

si lt st 。ne
204 107 ・46 ・43.311 ”E 15' 45 ・15 .285" N 466 518 0.21 Debris Slide W73S N。 San。d。s~。：；。e，；，：·~：ne. N。nc Son f。rm a ti。n -

Mes 。z。io N。 N。
Uooer Subformation 

205 107' 46 ・14 .945" E 15' 44 ・4乙593 " N 660 1102 0,59 Deb ris Slide S20E Yes 
Sandstone, siltston e, N。ng s。n format io n -

M esoz 。，c N。 N。
co".!£12me 悶 te Ueeer Subf•。rmation

206 107 ・46 ’44 」J33" E 15 ・44 ・50.769" N 833 610 0.55 Debris Slide S 19E Yes 
Sandst 。ne ,siltstone. Nong Son f。rmat ion -

Mesozoic N。 No 
c。nalomerate Uooer Subformation 

207 107' 47' 1.071 " E 15' 44 ・55.176" N 857 510 0,46 Debris Slide S18E Yes 
Sands tone ，副iltstone , N。ng Son format ion -

M esoz 。，c N。 No 
conolomerate Uoo er Subformation 

208 107 ・47 '18.523" E 15 ・44 ・47 .901" N 852 724 0.51 Debris Slide S9E Yes San。d。·~。：；。e,;,:i~~ne. Nong s。n format ion - Mesoz 。，c N。 N。
Uooer Subformation 

209 107' 47' 18.806" E 15' 45 ' 11.495" N 520 246 0.28 Debris Slide W86S N。 Sands tone , siltstone . Nong Son formation -
M esozo ，。 N。 N。

con.tome rate Uooer Subformation 

210 107 ・47' 42.582" E 15 ・44 ・5乙066 " N 799 756 0,48 Debris Slide S17E Yes 
Sandstone, siltstone , Nong S岨n form ation -

M esozoic N。 N。
con d。merate Uooer Subformation 

211 107• 47 ・47 .613" E 15• 45 ’7.748" N 361 428 0.13 Debris Slide S34E N。 Sandstone , si ltstone , N。ng Son format ion - Mes 。z。，c N。 N。
condomerate Uooer Subformation 

212 107' 4 7' 59.893" E 15 ・45 ’8,572" N 505 213 0,09 Deb ris Slide S47E N o San~~~~m，副e~~ne, Nong s。n format ion -
Me sozoic No N。

Uooer Subformation 

213 107 ・48 '14.839" E 15' 45 ・6.878" N 1077 341 0.41 Deb ris Slide S 15E Yes San~~~~，；，：~~~ne. None Son formation - Mesozoic N。 No 
Uooer Subformation 

214 107' 48 ・45.571" E 15' 45 ・17 .617" N 1207 255 0,42 Deb ris Slide S82E Yes 
Sandstone, siltstone , N。ng Son format io n -

M esoz 。，c N。 N。
c。nolomerate Uo oer Subf•。πnation

215 107' 48 ’37 .791" E 15' 45 ・25 .517" N 212 205 0.04 Debris Slide S31E N。 Sandstone , siltstone. Nong Son format ion -
Me sozoic N。 No 

oon alom erate Uooer Subformation 

216 107' 52 ’18 .907" E 15• 46 ・30 .376" N 468 270 0,11 R。tationa lSlide S80E N。 c。ngl 。merate, sandst 。ne, N。ng Son format ion - Mes 。z。，c N。 N。
silt stone Lower Subfo 円nation

217 107' 52 ・11.9 93" E 15' 46 ・24 .346" N 169 181 0.03 Rotationa l Slide S74E N。 c。nglomerate, sandstone, N。ng s。n format ion -
Me sozoic N。 N。

si lt st 。ne Lower Subformation 

218 107' 52 ’17.873" E 15 ' 46・12.175" N 441 510 0.20 Rotationa l Slide N26W N。 c。ngl。m era te ，日ndst 。ne. N。ng s。n format ion - M es 。z。，c N。 N。副院st 。問 Lower Subformation 

219 107' 51 ・39 .8 03" E 15' 46 ・1九187" N 254 303 0,07 Rotationa l Slide E60 N N。 Bio tit sch ist, Bioti t gneiss 
Kham Due forma ti on -

Mes 。ZOIC N。 N。
Midd le Subformatlon 

220 107' 50 ’48.873" E 15' 45 ・40.228" N 695 269 0.18 Rotationa l Slide S59E No Biotit sch ist, Bioti t gneiss 
Kham Dυc format ion ・

Me soz 。問 N。 N。
Midd le Subformatlon 

221 107 ・50 ・49 .633" E 15 ' 45 ・30 .834" N 441 93 0.03 Deb ris Slide S64E No Bio tit sc hist .• Bio ti t gneiss 
Kham Due to 『m ation ・

Mes 。zoio N。 N。
Midd le Subformati on 

222 107' 50 ’40.918" E 15' 45' 27 .712" N 400 215 0.07 Debris Slide S35E N。 Blotlt sch ist, Blotlt gneiss 
Kham Due formation -

Mesozoic N。 N。
Midd le Subformati on 

223 107 ・50 ’56.018" E 15• 45 ’4,276" N 388 276 0,12 Rotationa l Slide E72N N。 Blotlt sch ist, Blotlt gneiss 
Kham Due format ion -

Mesoz 。，c N。 N。
Midd le Subformation 
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224 107' 50 ・42.440# E 1s・ 45 ’4,141# N 329 143 0,06 Deb ris Slide E60N N。 Bioti t sch ist, Bioti t gneiss 
Kham Due format ion -

Mes 。ZOIC N。 No 
Middle Subformatlon 

225 107 ・50 ・45.662H E 15 ・44' 59 .773" N 319 139 0,03 Debris Slide E90N No Bio tit sch is t, Bioti t gneiss 
Kham Dυc formation ・

Mesozoic No N。
Midd le Subformatlon 

226 107 ・50 ’31J)44N E 15 ・44 ’51 .196" N 325 220 0.o7 Deb ris Slide W30S Yes Biotit sc hist, Bio ti t gneiss 
Kham Due format ion・

Mesoz 。陥 N。 N。
Midd le Subformati on 

227 101・ 50 ' 35.292N E 15• 44 ・45 .352" N 372 205 0.07 Debris Slide W29S Yes Biotlt schist, Blo tlt gneiss 
Kham Due format ion -

M es oz 。出 N。 N。
Midd le Subformati on 

228 101・ 52 ・25.S4r E 15• 44 ・37 .307" N 600 275 0,17 Debris Slide W30S N。 Cong あmerate, sand 拘 ne. Nong s。n format! 。n -
M es 。z。，c N。 N。

silt st 。間 L。wer Subformabon 

229 107 ・52 ・31.375N E 15 ・44 ・29 .364" N 471 274 0.09 Deb ris Slide W10S No 
Cong ，。merate .san dst。ne. Nong s。n formation -

Mesozo 同 N。 N。
s1lt st 。ne Lower Subformat 』。n

230 107• 52 ・23 .166N E 15• 44 ・13.555" N 505 291 0,13 Deb ris Slide W37S Yes 
Con a，。merate, sandstone. N。ng Son format•。n -

M esozoic N。 N。
silts to 同 Lower Subformation 

231 107 ・52・15 .19r E 15 ・44 ・14 .585" N 246 182 0,03 Debris Slide wsos Yes 
Cong ’omerate , sandston e, Nong Son format i。n -

Mesozoic N。 No 
silt stone L。wer Subfo 円nation

232 101・ 51 ’52.823N E 15• 44 ’28.845" N 417 304 0.13 Debris Slide WSOS N。 Conglomerate, sand 坑one. Nong Son forrr 抽 bon -
Me sozoic N。 No 

剖肱st 。憎 Lower Subformation 

233 107 ・52 ・3.888 ”E 15 ・43 ・43.140 " N 255 312 0.o7 Rotationa l Slide E60 N Yes 
Conglomerate , san dst on e, Nong s。n format ion -

Mesozo ic No N。
silt stone Lower Subfo 円nation

234 107 ・51 ’45.024N E 15• 43 ’5乙307" N 458 358 0.13 Deb ris Slide ESON Yes 
c。n&I 。merate. sandst 。ne. N。ng s。n formation -

Mesoz 。io N。 N。
剖ltst 。帥 L。wer Subformati 。n

235 107• 51 ・42 .136N E 15• 43 ・46 .197" N 546 389 0,05 Debris Slide E54 N Yes 
Cong ，。merate, sandst 。ne, N。ng s。n format io n -

Mesozoic N。 N。
siltsto 問 Lower Subformation 

236 107 ・51 ・50 .170" E 15 ・43 ’46 .607" N 596 487 0.28 Debris Slide E57N Yes 
Cong ，。merate, sandst 。ne, N。ng s。n form a ti。n -

Mes oz 。，c N。 N。
s1lt st 。帥 L。wer Subformation 

237 107" 51 ’21 .732N E 15• 43 ・47 .347" N 520 289 0,13 Deb ris Slide E35N N。 c。ng’om era te, sandst 。ne, Nong Son format•。n -
M esoz 。，c N。 N。

剖肱sto 間 Lower Subformabon 

238 107 ・50 ・37 」l37" E 15 ・43 ・45.404" N 459 454 0.18 Debris Slide N2W Yes 
Conglomerate, sandstone, Nong Son format 1。n -

Me sozoic N。 No 
silt stone Lower Subformation 

239 101・ 50 ・4.387" E 15• 43 ・18.372" N 668 150 0,10 Debris Slide W11S Yes Gran ite 
Cha Va l c。mp lex - Phas e 

M esozoic N。 No 

240 107° 46' 54 .1 lON E 15° 44 ・24 .991" N 323 190 0.06 Debris Slide S44E Yes San~。s~：；：，；，：i~：ne, Nong S目。n form atio n -
Mesozoic No N。

Uooer Subformation 

241 101・ 46' 40 .649N E 15• 44 ・15 .834" N 331 555 0.16 Debris Slide S38E Yes 
Con gl。m erate, sandst 。ne. Nong Son formation -

Me soz 。，c N。 N。
剖ltst 。附 Low er Subformation 

242 107 ・47 ・4.3 16 ＇’E 15 ・44 ・2仏141 " N 393 222 0,10 Deb ris Slide N 51W Yes 
Conglomerate, sandstone , Nong s。n form atio n -

Mesozo ic N。 N。
silt stone L。wer Subf•。円nation

243 107 ・46 ’59.982N E 15• 44 ’15 .798" N 200 295 0.0 5 Debris Slide E71N Yes 
Con gl。me 同 te ,sandst 。ne, N。ng Son formation -

Mesozoic N。 N。
s1ltst 。ne L。wer Subformation 

244 107• 47 ・6.583" E 15 ° 44 ’7,587" N 850 861 0,62 Rotationa l Slide N 53W Yes 
c。ngl。merate, sandst 。ne, Song Bung formati 。n -

Me sozoic N。 N。
silt st 。ne L。wer Subf•。円nati。n

245 107 ・47' 37 .1 69" E 15 ・43 ’57 .765" N 504 297 0.16 Deb ris Slide S22E Yes 
Cong ，。merate, sandst 。ne, Song Bung format ion -

Meso zoic N。 No 
s1lt st 。ne L。wer Subformation 

246 107" 47' 34.0 喧2H E 15• 43 ・46 .790" N 668 492 0,31 Deb ris Slide S46E Yes 
c。ng’omerate, sandst 。ne, Song Bung formati 。n -

M esozoic N。 N。
silt s to 問 L。wer Subformabon 

24 7 107• 47 ・6.552 ”E 15• 43 ・45.265" N 238 330 0.06 Ro 同 tiona lSlide W85S No 
Cong ，。me 同 te, sandst 。ne, s。ng Bung formation -

Mesozoic N。 N。
si lt st 。附 L。wer Subfom 袖 ti on 

248 107• 47' 6.703" E 15• 43 ・41 .747" N 482 506 0.22 Debris Slide S23E N。 c。nglomerate, sandst 。ne, s。ng Bung formation -
M esozoic N。 N。

S I肱st 。ne Lower Subf ，。円nati 。n
249 107" 47 ・S.016 ＇’E 15 ° 43 ・29 .101" N 185 280 0.05 Rotationa l Slide S23E Yes 

c。ngl 。merate .sandst 。ne. s。ng Bur 沼 formation -
Me soz 。。c N。 No 

si lt st 。ne Lower Subformation 

250 101・ 46’56 .46 0" E 15• 43' 12.375" N 49 1 157 0.11 Deb ris Slide N 32W N。 c。ngl。m erate. sandst 。ne. s。ng Bung formation -
Mesoz 制。 N。 N。

S I肱st 。ne Low er Subformat 』on

251 107° 46 ・47.240 N E 15• 43 ・10.555 " N 163 209 0,03 Debr is Slide N 31W N。 Congl 。me 聞 te ,sandst 。ne, s。ng Bung form ation -
M esozoic N。 N。

silt stone L。wer Subf ，。円nation

252 101・ 46 ’43.035N E 15• 43 ’7.477" N 130 116 0,01 Debris Slide N 35W N。 Congl 。merate, sandstone. s。ng Bυng formati 。n -
Mesozoic N。 No 

silt stone L。wer Subfo rmati 。n
253 107° 47 ' 16.537" E 15 ・ 43 ’6,932" N 118 171 0,02 Debris Slide W20S N。 Con g’ome 司 te, san dstone. Song Bung fo円na tion -

Me sozoic N。 N。
si肱stone L。wer Subformati 。n
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254 107 ・47' 11.338N E 15• 43 ・3.1 70N N 309 358 0.10 Debris Slide S6E N。 Cong ，。merate .san dst。ne, s。ng Bung formati 。n -
Mesoz 刷。 N。 No 

si lt st 。問 Lower Subfonnation 

255 107• 46 ' 54 .1 08" E 15 ' 42 ・54 .616" N 215 237 0.04 Deb ris Slide W4 1S N。 c。ng’omerate. sandstone. s。ng Bung formati 。n -
M esozoic N。 N。

solt st 。帥 L。wer Subfonnation 

256 107' 46 ・57 .798N E 15' 42 ・48.290" N 175 177 0,03 Deb ris Slide W36S N。 Cong ’ome rョte .sandstone , Song Bung formation -
Mes ozoic N。 No 

silts to 問 Lower Subfonnation 

257 107 ・46 ・48.205N E 15 ・42 ・35.121" N 230 342 0.o7 Debris Slide W60S Yes 
Cong ’omerate, san dstone, Song Bung formation -

Mesozoic N。 No 
solt st 。間 L。wer Subfo nnat 』。n

258 107' 46 ' 58 .714N E 15' 42 ・18 .603" N 261 257 0,06 Debr is Slide S39E Yes 
c。ngl。merat e, sandst 。ne. s。ng Bung formati 。n -

Mesoz 。，c N。 N。
siltst 。憎 L。wer Subfonnati 。n

259 107• 50 ’28.37r E 15' 42 ’45 .858 " N 433 497 0.19 Rotationa l Slide W39S Yes Gr a note 
Cha Va l c。mp lex - Phase 

Mesozoic N。 N。
260 107' 50 ・34.072N E 15 ' 42' 54 .665" N 481 512 0.34 Rotationa l Slide W60S Yes Gran ite 

Cha Va l c。mp lex - Phase 
Mes oz 。，c N。 N。

261 107 ・50 ’40.542 N E 15 ・42 ’34 .643 " N 416 353 0,15 Debris Slide W24S Yes Granite 
Cha Va l c。mp lex - Phase 

Mesozo ic N。 N。
262 107 ・50 ’49.882N E 15' 42 ・49 .779" N 424 330 0.14 R。tat 』ona lSlide S2E No Gran ite 

Cha Va l c。mp lex - Phase 
Me soz 。ic N。 N。

263 107 ・51 ・0.48 0”E 15 ・42 ・43 .628 " N 413 25 1 0.10 Debr is Slide W63S No Granite 
Cha Va l c。mp lex - Phase 

Me soz 。ic N。 N。
264 107 ・51 ・51 .特 7" E 15' 42' 2.436" N 1253 545 0.60 R。tat 』ona lSlide W2S N。 c。n&I。me rate. sandst 。ne. N。nc Son f。rm a ti。n -

Mes 。z。io N。 N。
剖ltst 。帥 L。wer Subfonnation 

265 107' 51・57.642N E 15' 42 ・10.662 " N 232 568 0,12 Deb ris Slide W83S N。 Cong ’om erate, sandst 。ne, N。ng s。n format io n -
M esoz 。，c N。 N。

silts to 問 Lower Subfonnation 

266 107 ・52 ’10.039H E 15 ・41 ・39 .787" N 803 613 0.45 Debris Slide W38S No 
Conglomerate, sandstone, Nong Son f。rmat ion -

Mesozoic N。 No 
剖ltst 。帥 L。wer Subfo nnat 』。n

267 107' 51 ・49 .964H E 15' 41 ・31 .938" N 285 289 0.o7 Debris Slide W81S N。 Cong ’omerat e, sand 抗one. N。ng Son format io n -
M esoz 。，c N。 No 

剖ltst 。問 Lower Subfonnation 

268 107 ・47' 35.605H E 15 ・42 ・11 .527" N 677 340 0.21 Trans lat i。na lSli de N62W N。 Granite 
Ben Giang - Que Son 

Pa le 。z。ic N。 N。
como lex- Phase 2 

269 107' 47' 25 .261H E 15 ' 41・50 .748" N 358 421 0.13 Rotationa l Slide E88 N Yes 
c。ngl。m erate, sandst 。ne. Nong Son formation -

M esozo ，。 N。 N。
silts t。問 Lower Subfonnabon 

270 107 ・47' 31.468H E 15 ・41 ・39 .359 " N 648 407 0,29 Rotationa l Slide E88 N N。 Conglomerate , sandston e, Nang S岨n form ation -
Mes ozoic N。 N。

silt st 。問 Lower Subfonnati 。n
271 107• 47 ・42 .739H E 15 ' 41・44 .600" N 221 355 0.07 Rotat 』ona lSlide E81N N。 Con gl。me 巾 te ,san dst 。ne, N。ng Son format ion -

Mes 。z。，c N。 N。
剖肱sto 帥 L。wer Subfo rmat.ion 

272 107・ 48 ・25 .135 H E 15 ・41 ・46 .084 " N 340 21 1 0.o7 Debris Slide W16S No 
Cong ’omerate, san dst on e, Nong s。n format ion -

Mes ozoic No N。
silt st 。ne Lower Subfonnation 

273 107 ・48 ・11.835H E 15' 41’46 .738" N 396 360 0.13 Rotat 』ona lSlide N90W N。 c。n&I。me rate. sandst 。ne. None Son formation -
Mesozoic N。 No 

s1ltst 。ne L。wer Subfonnati 。n
274 107' 47' 56,098H E 15' 41 ・47 .836 " N 199 182 0,04 Debris Slide N84W N。 c。ngl。m erate, sandstone, N。ng Son format io n -

Me soz 。，c N。 N。
S I肱stone Lower Subf ，。円nation

275 10 7' 47' 55 .1 14H E 15' 41 ・43 .507" N 154 97 0.00 Debris Slid e N77W N。 Cong ’omerate, san dstone , Nong Son format ion -
Me sozoi c N。 No 

solt st 。問 L。wer Subf ，。円nation
276 107' 47' 58 .974H E 15• 41 ・49 .970" N 1536 491 0,60 Debris Slide N 85W N。 c。ngl。m erate, sandst 。ne, N。ng Son format ion -

M es 。z。，c N。 N。
siltstone Lower Subfo 円nation

277 107' 48 ・59 」）35H E 15 ' 41・48. 734" N 679 293 0.19 Debris Slide N82W N。 c。nglomerate, sandstone, N。ng s。n format ion -
Me sozoic N。 N。

si lt st 。ne Lower Subfonnation 

278 107' 48 ’26.S42H E 15 ' 41・34.975 " N 439 98 0,04 Debris Slide W35S N。 c。ngl。m era te ，日ndst 。ne. N。ng s。n format ion -
M es 。z。，c N。 N。

副院st 。問 Lower Subfonnation 

279 107' 48 ・33,034 H E 15' 41 ・3仏064 " N 407 156 0,0 6 Debris Slide W38S N。 Conglomerate , sandst 。ne , Nong s。n format ion -
Me sozoic No N。

silt st 。問 L。wer Subfonnation 

280 107' 48 ' 26.S54H E 15 ' 41・26 .631" N 752 382 0.31 Debris Slide W65S N。 Conglomerate. sandstone. N。ng Son f。rrr 、at 1on -
Mes 。ZOIC N。 N。

S I肱st 。ne Lower Subf ，。m 抽 ti 。n
281 107' 47 ' 33.856 H E 1s ・ 41 ’3,889H N 750 350 0,30 Debris Slide Yes Grani te 

Hai Van comp le x- Phase 
Me s。ZOIC Yes N。

282 107 ・47' 45.294 H E 15 ' 41’13 .3 81" N 450 236 0.11 Debris Slide W63S N。 Granite 
Hai Van comp lex- Phase 

Mesozo i。 N。 N。
283 107' 47' 56 .186 H E 15 ' 41 ’7,967" N 523 175 0,09 Debris Slide W85S N。 Gran ite 

Ha i Van comp lex- Phase 
Me sozoic N。 N。
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284 107 ・48 ・21.5 33N E 15• 41 ・1.2 74N N 503 194 0.11 Debris Slide waos N。 Granite 
Hai Van comp le x- Phas e Mesoz 刷。 N。 No 

285 101• 48 ' 34.935 ＇’E 15 ' 41 ・11 .700" N 203 116 0.03 Deb ris Slide W75S N。 Gran ite 
Hai Van comp lex- Phase 

M esozoic N。 N。
286 107' 48 ・50.S23N E 15' 41 ・1乙.375" N 1371 291 0,56 Debr is Flow S22E Yes Cong ’ome rョte. sandstone , Nong s。n format 1。n -

Mes ozoic N。 No silts to 問 Lower Subfonnation 

287 107 ・48 ・30.394N E 15 ・40 ’49 .997" N 923 640 0.53 Deb ris Slide W71S Yes Granite 
Ha i Van comp lex- Phase 

Mesozoic N。 No 

288 107' 49 ’16.361N E 15' 41 ・15 .427" N 488 400 0.21 Rotationa l Slide W87S N。 c。ngl。merat e, sandst 。ne. N。ng Son format ion -
M esoz 。，c N。 N。

siltst 。憎 L。wer Subfonnati 。n
289 107• 49 ・15.321" E 15• 41 ・5.309" N 521 439 0.17 Rotationa l Slide W83S N。 Cong ’ome rate . san dstone. Nong s。n format 1。n -

Mesozoic N。 N。
silt sto 問 L。wer Subf ，。円nation

290 107' 49 ・12.SSON E 15' 40 ・53.647" N 557 338 0.19 Rotationa l Slide W82S Yes 
Cong ，。me 巾 te, sandstone. N。ng s。n forrr 、ati 。n -

M es oz 。，c N。 N。
剖Its to 附 L。wer Subfonnation 

291 107 ・48 ’45 .980 ・w E 15・40 ’38.700" N 577 301 0.2 1 Debris Slide N 30W Yes Cong ’omera te, sandstone, Non g Son format ion -
Mesozo ic N。 N。

silt st 。附 L。wer Subf ，。円nation

292 107 ・49 '12.333" E 15' 40' 28 .510" N 304 218 0.06 R。tat 』ona lSlide N29W No 
Cong ，。merate, sandstone. N。ng Son format ion -

M esoz 。ic N。 N。
剖ltst 。附 L。wer Subfonnation 

293 107 ・46’47 .25 8N E 15・38 ・27.725 " N 1445 1339 2.01 Rotationa l Slide W 9S No Schist 
A Vuong formati on - Pa le 。zoic N。 N。
Lower Subfonnation 

294 107 ・47' 33 .29 7" E 15' 38 ’57 .803" N 651 884 0.52 Deb ris Slide W86S N。 Schist 
A Vuonc formati 。n -

Pa le 。z。ic N。 N。
L。wer Subfonnation 

295 107' 47' 46 ,780" E 15• 39 ・23.762 " N 685 393 0,30 Deb ris Slide E56 N N。 Granite 
Hai Van comp lex- Phase 

M esoz 。，c N。 N。
296 10 7・48・1.086 ＇’E 15 ・38 ・4九214" N 389 295 0.11 Debris Slide S21E Yes Granite 

Hai Van comp lex- Phase 
Mesozoic N。 No 

297 107' 47' 57 .733" E 15 ' 38 ・35 .267" N 421 489 0,16 Debris Sl ide N42W Yes Schist 
A Vuong fo rmation -

Paleozo ic N。 No 
Lower Subfonnation 

298 107' 48 ・11 .031" E 15 ・38 ・37 .573" N 561 350 0.17 Debr is Slide N32W Yes Schist 
A Vuongfom 袖 ti。n - Pa le 。z。ic N。 N。
L。wer Subfonnation 

299 107' 48 ' 21. 173" E 15 ' 38' 25 .232" N 330 195 0.06 Debr is Slide N44W N。 Gran ite 
Ben Giang - Qu e Son 

Pale 。z。ic N。 N。
com ole x- Phase 1 

300 107 ・49 ・a.sos・ ’E 15 ・39 ・53.296 " N 731 425 0,35 Debr is Slide W29S N。 Conglomerate , sandston e, Nong S岨n form atio n -
Mes ozoic N。 N。

silt st 。問 Lower Subfonnati 。n
301 107• 48 ' 50 .97 8" E 15 ' 39' 38.561" N 486 185 0.0 8 Debr is Slide N9 0W Yes Granite 

Be n G iang - Que s。n
Pa le oz 。ic N。 N。

como lex - Phase 1 

302 107・ 48 ・55 ,574N E 15 ・39 ・26 .084 " N 327 324 0,10 Rotationa l Slide W82S No Gran ite 
Ben Giang - Que Son 

Pa leoz oic No N。
c。m ole x- Phase 1 

303 107 ・49 ・10 .681" E 15 ' 39 ’24 .691" N 524 197 0.10 Debr is Flow W45S No G ranite 
Ben Gianc - Que s。n

Pa le oz 。ic N。 No 。。mo lex- Phase 1 

304 107' 49 ’12 ,082" E 15• 39・1乙.076" N 715 264 0,17 Debr is Flow W38S N。 G ranite 
Ben Gian g - Que s。n

Paleozoic N。 N。
com olex- Phas e 1 

305 107• 49 ’28 .539" E 15・38 ・56 .538" N 631 258 0.20 Debr is Slid e W81S Yes Granite 
Ben Giang - Que s。n

Pa le 。zoic N。 No 
c。mo lex - Phase 1 

306 107' 49 ’42 ,362" E 15' 39 ・18.044" N 821 597 0,42 Trans lat i。na lSli de SISE N。 c。ngl。m erate, sandst 。ne. N。ng Son format ion - M es 。z。，c N。 N。
siltstone Lower Subfo 円nation

307 107' 49 ・49.867" E 15 ' 39 ・30.666" N 301 189 0.0 5 Trans lat i。na lSli de N60W N。 c。nglomerate, san dstone, N。ng s。n format ion -
Me sozoic N。 N。

silt st 。ne Lower Subfonnation 

308 107' 49’59 .651" E 15 ' 39 ・36 .222" N 41 0 353 0,12 Debris Slide S38E N。 c。ngl。m era te，日ndst 。ne, N。ng s。n format ion - M es 。z。，c N。 N。
副院st 。問 Lower Subfonnation 

309 107' 49 ・52.679" E 15 ' 39 ・41.967" N 459 401 0.22 Debris Slide S59E N。 Conglomerate , sandst 。ne , Nong s。n form ation -
Me sozoic No N。

silt st 。問 L。wer Subfonnation 

310 107' 50 ’12.262" E 15' 39' 44.472" N 395 281 0.10 Deb ris Slide S21E N。 Conglomerate. sandstone, N。ng Son f。rrr 、at 1on -
Mes 。ZOIC N。 N。

S I肱st 。ne Lower Subf ，。m 抽 ti 。n
311 107' 50 ・1.242 ”E 15' 39 ・50 .027 ”N 578 297 0,19 Debris Slide S69E N。 Con gl。me rate, san dst 。ne, Nong Son format io n - Me s。ZOIC N。 N。

silt st 。問 L。wer Subf•。nnation

312 107 ・50 ’10 .1 92" E 15 ' 39 ’53.502" N 235 250 0.04 Deb ris Slide W88S N。 Cong ，。merate .sandstone, N。ng Son formatio n -
Mesozoi 。 N。 N。

町lt st 。附 L。wer Subfonnation 

313 107・ 49 ’59 .3 43N E 15' 39 ・58.050 " N 276 342 0,08 Debris Slide S3E N。 c。ngl。m erate, san dstone, N。ng s。n f。rmat 1on -
Me sozoic N。 N。

silt st 。ne L。wer Subf ，。円nati 。n
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314 107 ・50 ・5.117 ”E 15 ・39 ・46 .427" N 785 728 1.89 Debr is Slide W78S N。 Cong ，。merate .sandst 。ne, N。ng Son formation - Mesoz 刷。 N。 No siltst 。問 Lower Subfonnation 

315 10γ50 ・3.062 ”E 15 ' 39' 12.931" N 379 632 0.22 Trans lati 。na lSlid・ S30E Yes c。ng’omerate. san dstone . N。ng Son fom 、at1on -
Meso zoic N。 N。

s1ltst 。帥 L。wer Subfonnation 

316 107' 50 ・15 」ns" E 15' 39 ・23.376" N 661 355 0,22 Debris Slide S34E Yes Cong ’omer ョte. sandstone , Nong s。n format1 。n -
Mesozoic N。 No silts to 問 Lower Subfonnation 

317 107 ・50 ・29 」l56" E 15 ・39 ・2九121" N 288 321 0.09 Rotationa l Slide S39E No Cong ’omerate, sandstone, Nong S同on format1 。n -
Mesozoic N。 No 

s1ltst 。間 L。wer Subfo nnat 』。n

318 107' 50 ’36 .137" E 15' 39 ・3乙604" N 150 160 0,03 Rotationa l Slide S12E N。 c。ngl 。merate, sandst 。ne, N。ng Son format ion -
Mesoz 。，c N。 N。

siltst 。憎 L。wer Subfonnati 。n
319 107' 50 ’31 .742" E 15' 39 ・36 .438" N 239 204 0.04 Rotationa l Slide S14E N。 Cong ’omerate . sandstone. Nong s。n format1 。n -

Mesozoic N。 N。
siltsto 問 L。wer Subf ，。円nation

320 107' 50 ・39 .897" E 15' 39 ・40.957" N 294 196 0.06 Ro tati ona l Slide S39E No 
Cong ，。me 巾 te, sandstone, N。ng s。n forrr 、ati 。n -

Mes oz 。，c N。 N。
剖Its to 附 L。wer Subfonnabon 

321 107 ・50 ’44.827" E 15 ・39 ・44 .912 " N 214 181 0,04 Rotationa l Slide S35E N。 Cong ’omerate , sandstone, Nong Son format ion -
Mesozoic N。 N。

siltst 。附 L。wer Subf ，。円nation

322 107 ・50 ’31 .680" E 15' 39' 14 .674" N 736 242 0.19 Debris Slide N51W No 
Cong ，。merate, sandstone, N。ng Son formation -

Me soz 。ic N。 N。
剖ltst 。附 L。wer Subfonnation 

323 107 ・50 ’18.681" E 15 ・39 ・11.994" N 19 3 365 0,07 Debr is Slide N25W Yes 
Conglomerate . sandstone. N。ng s。n formation -

Mesoz 。ic N。 N。
siltst 。ne Lower Subfonnation 

324 107 ・50 ’26 .474 ＇’E 15' 39' 5.741" N 779 366 0.29 Debris Slide N57W Yes 
c。n&I 。merate. sandst 。ne . N。nc Son f。rm a ti 。n -

Mes 。z。io N。 N。
剖ltst 。帥 L。wer Subfonnation 

325 107' 50 ・8.342 ”E 15 ' 39 ’4,131" N 382 333 0,12 Deb ris Slide N43W Yes Granite 
Ben Giang - Que Son 

Paleozo ic N。 N。
come lex- Phase 1 

326 10 7・50 ・0.048 ＇’E 15 ・39' 0.539" N 315 216 0,06 Debr is Slide N55W Yes Granite 
Ben G iang - Que s。n Pale 。z。ic N。 No 
c。mo lex - Phase 1 

327 107' 49 ’51,279" E 15' 38 ・51 .101" N 356 302 0,10 Rotationa l Slide W18S Yes Granit e 
Ben Giang - Qu e s。n

Paleozo ic N。 No 
como lex- Phase 1 

328 107' 49 ・58 .818" E 15 ・38 ・37 .645" N 801 1113 0.76 Rotationa l Slide S17E Yes Granite 
Ben Giang - Que Son Pale 。z。ic N。 N。
como lex- Phase 1 

329 107' 50 ' 27 .348" E 15 ' 38' 37 .000" N 588 695 0.46 Rotationa l Slide S 15E N。 c。ngl 。merate, sandst 。ne, Nong Son formation -
Pale 。z。ic N。 N。

siltst 。問 Lower Subfonnabon 

330 107 ・50 ・43 ,566" E 15 ・38 ・45.050 " N 692 417 0,28 Rotationa l Slide W29S N。 Conglomerate , sandston e, Nong S岨n format ion -
Mesozoic N。 N。

siltst 。問 Lower Subfonnati 。n
331 101・ 50 ’53..037" E 15 ' 38' 58.376" N 491 306 0.16 Debr is Slide W70S N。 Congl 。me 巾 te, san dst 。ne, N。ng Son formation - Mes 。z。，c N。 N。

剖肱sto 帥 L。wer Subfo rm ation 

332 107 ・51 ・6.618" E 15 ・38 ・37 .840 " N 424 323 0,12 Debris Slide W18S No 
Cong ’omerate, sandstone, Nong s。n format ion -

Mesozoic No N。
siltst 。ne Lower Subfonnation 

333 107 ・51 ’7.527" E 15' 38 ’45 .686" N 605 538 0.29 Debris Slide W25S No 
c。n&I 。merate. sandst 。ne. None Son formation - Mesozoic N。 No 

s1ltst 。ne L。wer Subfonnati 。n
334 107' 52 ・11.209" E 15' 39 ・56 .596 " N 763 477 0,31 Debris Slide N31W N。 Sands tone, siltstone , N。ng Son formation -

Mesoz 。，c N。 N。
c。ndomerate Uooer Subf•。πnation

335 10 7' 52 ’12 .1 58" E 15' 39 ・31 .295" N 424 503 0.19 Debris Slid e W40S N。 Sandstone, siltstone, Nong Son formation -
Me sozoi c N。 No 

condomerate Uooer Subfonnation 

336 107' 52 ・0.761" E 15' 39 ・25 .649" N 959 573 0,43 Debris Slide N4W N。 Sandst 。ne, si 壮stρne , N。ng Son format ion - Mes 。z。，c N。 N。
cond 。merate Uooer Subformation 

337 107' 52 ’40.454" E 15' 39 ・2仏290" N 1466 1669 1.96 Debris Slide N28W No Meso z。，c N。 No 

338 107 ・52 ’8.610" E 15 ' 38 ’46 .297" N 1139 636 0.51 Debris Slide N88W No 
Con&I 。merate. sandst 。ne.

Ban c。fo rmation Mes 。zoio N。 N。
siltston e 

339 107' 52 ・5.592 ”E 15' 38 ・41.562 " N 381 312 0,09 Debris Slide W3S N。 Cong ，。me 問 te, sandstone, 
Ban c。format ion Mesozoic N。 N。

siltstone 

340 107 ' 51 ・34.338 ＇’E 15 ・38 ・36.125" N 956 295 0.30 Debris Slid e W74S N。 Sandstone, siltstone, N。ng Son formati 。n -
Meso zo 陥 N。 N。。。nd。merate Uooer Subfonnation 

341 107' 52 ・1.680" E 15' 38 ・27.098" N 441 535 0,16 Debris Slide W61S N。 c。ngl 。merate, sandstone, 
Ban c。format 1。n Mes 。z。，c N。 N。

siltst 。ne
342 107' 52 ’17.299" E 15' 38 ・23.984" N 859 441 0.29 Debris Slide wsos N。 Cong ，。merate, sandst 。ne,

Ban C。f。rma tion Mesoz 。，c N。 N。
引Its to 附

343 107 ・52 ’21 .457" E 15 ' 38 ・7,638" N 829 361 0,22 Debr is Slide W10S N。 Cong ，。m era te. sandstone, 
Ban c。format ion Mesozoic N。 N。

S I舵st 。ne
344 107 ・52' 1.354 ”E 15' 37 ・54.083 " N 787 608 0.52 Debris Slide W32S N。 c。ngl 。merate .sandst 。ne ,

Ban C。fo rma tion Meso z剖C No N。
siltst 。ne
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345 107 ・51・59.861N E 15・37 ・43.819 " N 240 129 0,03 Debris Slide SOE N。 Cong，。merate .san dst。ne, N。ng Son format ion - Mesoz 刷。 N。 No silt st 。問 Lower Subfonnation 

346 10γ52 ・8.703 ”E 15 ' 37 ・46 .334" N 541 255 0.17 Deb ris Slide W25S N。 c。ng’omerate. sandstone. N。ng Son fom 、at 1on -
M esozoic N。 N。

s1ltst 。帥 L。wer Subfonnation 

347 107' 52 ・13 .181N E 15' 38 ・10.036" N 1796 958 1,81 Deb ris Slide W35S N。 Cong ’ome rョte .sandstone , Ban Co fo rmat ion M esozoic N。 No silt s to 問
348 107 ・52 ・14 .1 35N E 15 ・37' 28.788" N 645 646 0.49 Trans lat iona l Sli de W86S No Cong ’omerate, san dstone, Nong S同on format 1。n -

Mesozoic N。 No 
s1lt st 。間 L。wer Subfonnat 』。n

349 107' 52 ・30 .783N E 15' 37 ・34 .162" N 761 344 0,27 Deb ris Slide W42S N。 c。ngl。merate, sandst 。ne, N。ng Son format ion -
M esoz 。，c N。 N。

siltst 。憎 L。wer Subfonnati 。n
350 107' 52 ・35 .789" E 15' 37' 27 .836 " N 585 335 0.17 Deb ris Slide W25S N。 Cong ’omerate . san dstone. Nong s。n format 1。n -

Mesozoic N。 N。
silt sto 問 L。wer Subf ，。円nation

351 107' 52' 7.137 ”E 15' 37 ・17 .805" N 318 314 0.09 Deb ris Slide E80N No 
Cong ，。me 巾 te, sandstone. N。ng s。n forrr 、ati 。n -

M es oz 。，c N。 N。
剖Its to 附 L。w er Subfonnabon 

352 107 ・52 ’5.545 ”E 15 ・37' 3,636N N 408 143 0,06 Deb ris Slide W74S N。 Granit e 
Ben Giang - Que Son 

Pa leo zoic N。 N。
c。mo lex - Phase 1 

353 107 ・52 ’18 .1 82"E 15 ' 37' 10 .443" N 501 288 0.12 Debr is Slide W76S No 
Cong ，。merate, sandstone. N。ng Son format ion -

Meso z。ic N。 N。
剖ltst 。附 L。w er Subfonnation 

354 107 ・52 ・25.S72N E 15 ・37' 2,39r N 151 210 0,03 Rotationa l Slide S18E N o Gran ite 
Ben Giang - Que Son 

Pa le 。zoic N。 N。
como lex - Phase 1 

355 107 ・52 '11.408" E 15' 37' 24.4 46" N 2433 1491 2.79 Deb ris Slide W30S N。 c。n&I。me rate. sandst 。ne. N。nc Son f。rm a ti。n -
Mes 。z。io N。 N。

剖ltst 。帥 L。wer Subfonnation 

356 107' 51・39.826" E 15' 37 ・4乙100 " N 478 449 0,17 Debris Slide S2E N。 Sands tone, si lt ston e, N。ng s。n format ion -
M esoz 。，c N。 N。

co ".! £12me 悶 te Ueee r Subf•。rmation

357 107 ・52 ’21 .930" E 15 ・36 ・5乙679" N 333 319 o.o s Debris Slide W16S No Gran ite 
Ben G iang - Que s。n Pa le 。z。ic N。 No 
c。mo lex - Phase 1 

358 107° 52 ・20 ,498" E 15' 36 ・43. 833" N 675 338 0,18 Debr is Slide N 47W N。 Cong ’omerate, sand 抗one, N。ng Son format ion -
Paleozo ic N。 No 

剖ltst 。問 Lower Su bfonnation 

359 107 ・52 ・0.722 ”E 15 ・36 ・37 .142" N 43 3 181 0.0 6 Debr is Sli de N25W N。 Granite 
Ben Giang - Que Son Pa le 。z。ic N。 N。
como lex- Phase 1 

360 107' 51 ’46 .1 88" E 15 ' 36' 48.760" N 489 346 0.15 Rotationa l Slide N6W N。 Gran ite 
Ben Giang - Que Son 

Pale 。z。ic N。 N。
com ol ex - Phase 1 

361 107 ・51 ・40 ,434" E 15 ・36 ・55 .112" N 228 202 0,04 Rotationa l Slid e E8N N。 Gr anite 
Ben G iang - Que Son 

Pa le ozoic No N。
c。mo lex - Phase 1 

362 107' 51 ’33 .316" E 15' 36' 39 .814" N 375 294 0.08 Rotat 』ona lSlide W9S N。 Gran ite 
Be n G ia ng - Que s。n

Pa le oz 。ic N。 N。
como lex - Phase 1 

363 107' 51 ’21 ,972N E 15 ・37' 7,273N N 365 175 0,06 Rotationa l Slide E76 N Yes Gran ite 
Ben Giang - Que Son 

Pa le ozoic No N。
c。m ol ex - Phase 1 

36 4 107 ・50’44 .380" E 15 ' 37' 27 .390" N 211 178 0.0 3 Rota t』ona lSlide E88N Yes 
c。n&I。me rate. sandst 。ne. Nong Son formation - M esozoic Yes No 

s1ltst 。ne L。wer Subfonnati 。n
365 107' 50 ’35.52 1" E 15' 37 ・24 .881 " N 319 240 0,07 Rotationa l Slide E78 N N。 c。ngl。me rate, sandstone, N。ng Son format ion -

M esoz 。，c N。 N。
S I肱stone Lower Su bf，。円nation

366 107 ' 50 ’28.083" E 15' 37 ・20 .456" N 307 148 0.04 R。tationa lSlide E28N N。 Cong ’omerate, sandstone, Nong Son format ion -
Meso zoi c N。 No 

s1lt st 。問 L。wer Subf ，。円nation

367 107° so ’31.531" E 15' 37 ・13 .104" N 148 102 0,02 R。tationa lSlide W76S N。 c。ngl。merate, sandst 。ne, N。ng Son format ion - M es 。z。，c N。 N。
siltstone Lower Su bfo 円nation

368 107 ' 50 ・34.22r E 15' 37 ・1乙251" N 173 65 0.Gl Debris Slide W70S N。 c。nglomerate, sandstone , N。ng s。n format ion -
M esozoic N。 N。

si lt st 。ne Lower Subfonnation 

369 107 ' 50 ・35 .788" E 15' 37 ・11 .234" N 161 49 0,01 Deb ris Slide W65S N。 c。ngl。m erate ，日ndst 。ne. N。ng s。n format ion - M es 。z。，c N。 N。
副院st 。問 Lower Subfonnation 

370 107' 50 ・37 .106" E 15 ' 37' 9,579" N 129 73 0,01 Debris Sli de W57S N。 Con glo merat e, san dst。ne , Nong s。n form ation -
Me sozoic No N。

silt st 。問 L。wer Subfonnation 

371 107' 50 ’48.875" E 15' 37' 14 .218" N 454 482 0.17 R。tationa lSlide S75E Yes 
Conglomerate. sandstone. N。ng Son f。rrr 、at 1on -

Mes 。ZOIC Ye s N。
S I肱st 。ne Lower Subf ，。m 抽 ti 。n

372 107' 50 ・47 」l31N E 15' 36 ・ss .012 ・N 275 132 0,03 Rotationa l Slide E9N N。 Gran ite 
Ben Giang - Que Son 

Pa le ozoic Yes N。
com ol ex- Phase 1 

373 107 ・50’42 .550" E 15 ' 36 ’58 .278" N 601 224 0.11 Rotationa l Slide E5N N。 Granite 
Ben Giang - Que Son 

Paleozoic Yes N。
como lex- Phase 1 

374 107' 50 ・32 ,529N E 15 ' 37 ’3,68r N 338 218 0,05 Rotationa l Slide E26 N N。 Gran ite 
Ben Giang - Que Son 

Pa le 。zoic N。 N。
com ol ex - Phase 1 
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375 107 ・50 ・25 .946N E 15 ・36 ・57 .551" N 454 276 0,09 Debris Slide E45N N。 Granite 
Ben Giang - Que Son 

Pa le 。zoic N。 No 
como lex - Phase 1 

376 101• 50 ・22 .653" E 15' 37 ・7.1 05" N 664 358 0.20 Deb ris Slide E1N N。 Gran ite 
Ben Giang - Que Son 

Paleozoic N。 N。
como lex - Phase 1 

377 107' 50 ・8.400 ’f 15' 37 ・16 .193" N 290 138 0,04 Rotationa l Slide N6W N。 Cong ’ome rョte .sandstone , Nong s。n format 1。n -
Mes ozoic N。 No 

silts to 問 Lower Subfonnation 

378 107 ・50 ’0正旧ゲ’ E 15 ・36 ・45.519" N 935 608 0.59 Trans lationa l Slide S23E No Granite 
Ben G iang - Que Son 

Pa leo zoic N。 No 
como lex - Phase 1 

379 107' 50 ’43 ,786N E 15' 36 ・48. 509" N 230 129 0,03 Tr 副首lat i。na lSli de S70E N。 Gran ite 
Ben Giang - Que Son 

Pale 。z。ic N。 N。
com ole x- Phas e 1 

380 107• 50 ’45.6Sr E 15• 36 ・38.179 " N 302 159 0.04 Rotationa l Slide ESN N。 Granite 
Ben Giang - Que Son 

Pa le ozoic N。 N。
como lex- Phase 1 

381 107• 50 ・39 .420N E 15• 36 ・44 .470" N 809 357 0.23 Tr 町、slati 。na li苅1de S82E No Gran ite 
Ben Giang - Que Son 

Pale 。z。ic Ye s N。
como lex - Phase 1 

382 107 ・50 ’57 ,103NE 15 ・36 ’28.596 " N 339 527 0,14 Trans lati ona l Sli de S88E N。 Granite 
Ben G iang - Que Son 

Pa leozo ic Yes N。
c。mo lex - Phase 1 

383 107 ・50 ’43 .093N E 15 ' 36' 19 .089" N 256 117 0.03 Debr is Slide W83S No Gran ite 
Ben Giang - Qu e s。n

Pale 。zoic Yes N。
como lex- Phase 1 

384 107 ・50 ’39 ,024N E 15 ・36 ・23.096 " N 355 195 0,06 Trans lat iona l Sli de W69S No Granite 
Ben Giang - Que Son 

Pa le 。zoic N。 N。
como lex - Phase 1 

385 107 ・50 ’31.747" E 15' 36 ’28.716" N 364 375 0.14 Deb ris Slide W62S N。 Gran ite 
Ben Giang - Que s。n

Pale 。z。ic N。 N。
como lex- Phase 1 

386 107' 50 ’35 ,885N E 15• 36 ・11 .858" N 218 327 0,07 Trans lati 。na lSlid e S43E Yes Granite 
Ben Giang - Que Son 

Paleozo ic Yes N。
come lex- Phase 2 

387 107 ・50 ’29 .677" E 15 ・36 ・18.942" N 360 334 0.10 Trans lat i。na lSli de E47N No Granite 
Ben G iang - Que s。n Pa le 。z。ic N。 No 
c。mo lex - Phase 2 

388 107' 50 ・20 ,372N E 15' 36 ・19 .393" N 556 179 0,10 Debr is Slide E59 N N。 Granite 
Ben Giang - Qu e s。n

Paleozo ic N。 No 
com olex- Phas e 2 

389 101・ 50 ・17 .848N E 15 ・36 ・24 .389" N 398 106 0.04 Debr is Slide E54N N。 Granite 
Ben Giang - Que Son Pa le 。z。ic N。 N。
como lex- Phase 1 

390 107• 50 ' 10 .4 19N E 15 ' 36' 22.905" N 321 176 0.05 Tr副首lat i。na lSli de E7 5N N。 Gran ite 
Ben Giang - Qu e Son 

Pale 。z。ic N。 N。
com ole x- Phase 1 

391 107 ・49 ・58 ,053N E 15 ・36 ・24.904 " N 509 246 0,10 Rotationa l Slide E37 N N。 Granite 
Ben Giang - Que Son 

Pa leo zoic No N。
c。mo lex - Phase 1 

392 107' 49 ' 45 .437" E 15 ' 36' 37 .748" N 362 119 0.04 Debr is Slide S86E N。 Granite 
Be n G iang - Que s。n

Paleoz 。ic N。 N。
como lex - Phase 1 

393 107' 49 ・31 .228 N E 15 ・36 ・26 .180" N 361 183 0,06 Rotationa l Slide E12 N N o Gran ite 
Ben Giang - Que Son 

Paleozoic No N。
c。m ole x- Phase 1 

39 4 107 ・49 ・27 .016N E 15 ' 36 ’31 .792" N 535 205 0.10 Rotat 』ona lSlide S85E No Granite 
Ben Giang - Que s。n

Paleoz 。ic N。 No 。。mo lex- Phase 1 

395 107' 49 ・7.834 ”E 15' 36 ・35.167" N 635 802 0,44 Trans lat iona l Sli de S74E N。 Granite 
Ben Gian g - Que s。n

Paleozoic N。 N。
com olex- Phase 1 

396 107 ' 45 ’42 .282N E 15 ' 37' 7.577" N 630 341 0.16 R。tationa lSlide N90W N。 Schist 
A Vuong format i。n -

Pa le 。zoic N。 No 
L。wer Subf ，。円nation

397 107' 45 ’41 ,1 58N E 15' 36 ・31 .931" N 174 105 0,02 R。tationa lSlide E38N Yes Schist 
A Vuong formati 。n -

Paleoz 。ic N。 N。
Lower Subfo 円nation

398 107・ 46 ・39 .898N E 15 ' 35 ・36 .851" N 1076 204 0.20 Debr is Slide W65S N。 Schist 
A Vuong formation -

Pa’eozoic N。 N。
Lower Subfonnation 

399 107' 46・46,940 N E 15 ' 35 ・34 .574" N 1371 193 0,26 Deb ris Slide W52S N。 Schist 
A Vuong formation -

Paleozoic N。 N。
Lower Subfonnation 

400 107' 47 ' 30 ,827" E 15 ' 36 ・18.428 " N 657 280 0,15 Rotationa l Slide S89E N。 Schist 
A Vuong formation -

Paleozoic N。 N。
L。wer Subfonnation 

401 107' 47 ・49 .466N E 15 ' 36 ’7.017" N 705 390 0.22 R。tationa lSlide E5N N。 Gran ite 
Ben Giang - Que Son 

Pa le ozoic N。 N。
como lex - Phase 1 

402 107' 48 ・32.471 N E 15' 36 ・10 .047 ”N 420 195 0,07 Deb ris Slide S47E N。 Gran ite 
Ben Gian g - Que Son 

Pa leo zoic N。 N。
como lex- Phase 1 

403 107 ・48 ’17 .415N E 15 ' 35 ’51.796" N 595 245 0.12 Trans lati ona l Slide E1 .5N N。 Granite 
Ben Giang - Que Son 

Paleozoic N。 N。
como lex- Phase 1 

404 107' 48 ・48 ,507" E 15 ' 35 ・48.279 " N 358 165 0,06 Debr is Slide S15E N。 Gran ite 
Ben Giang - Que Son 

Pa le 。zoic N。 N。
com ole x- Phase 1 
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405 107 ・49 ・17.436N E 15 ・35 ・43 .928 " N 433 276 0.10 Rotationa l Slide SSOE N。 Gran ite 
Ben Giang - Que Son 

Pa le 。zoic N。 No 
como lex - Phase 2 

406 107 ° 49 ・42 .372" E 15 ' 35' 59 .935" N 367 193 0.07 Rotationa l Slide S45E N。 Gran ite 
Ben Giang - Que Son 

Paleo zoi c N。 N。
como lex - Phase 2 

407 107' 49 ・54 .234N E 15' 35 ・56 .655" N 461 312 0,13 Tr 百四lat iona lSli de S43E N。 Gran ite 
Ben Giang - Que Son 

Pa le ozo ic N。 No 
com olex- Phas e 2 

408 107 ・50 ’OM9 ”E 15 ・36 ’8.214" N 269 129 0.11 Debr is Slide S31E No Granite 
Ben G iang - Que Son 

Pa le ozoic N。 No 
como lex - Phas e 2 

409 107' 50 ・8.251" E 15 ' 36 ’3,690N N 311 188 0,05 Rotationa l Slide W39S N。 Gran ite 
Ben Giang - Que Son 

Pale 。z。ic N。 N。
com ole x- Phas e 2 

410 107' 50 ’0.812 ”E 15' 35 ・47 .800 " N 213 124 O.o2 Rotationa l Slide S64E N。 Granite 
Ben Giang - Que Son 

Pa le ozoic N。 N。
como lex- Phase 2 

411 107' 50 ・12 .813N E 15 ' 35 ・5乙387" N 165 438 0.07 Rotationa l Slide W25S No Gran ite 
Ben Giang - Que Son 

Pale 。z。ic N。 N。
com ol ex - Phase 2 

412 107 ・50 ’27 .1 26N E 15 ・36 ’4,725N N 375 175 0,06 Rotationa l Slide S42E Yes Gr anit e 
Ben G iang - Que Son 

Pa leo zoic Yes N。
c。mo lex - Phase 2 

413 107 ・50 ’23 .605N E 15' 36 ’1.264N N 374 160 0.05 Debr is Slide S68E Yes Gran ite 
Ben Giang - Qu e s。n

Pale 。zoic Ye s N。
como lex- Phase 2 

414 107 ・50 ’23 ,862N E 15 ・35 ・56 .111" N 327 155 0,0 5 Deb ris Slide E17 N Yes Gran ite 
Ben Giang - Que Son 

Pa le 。zoic Yes N。
como lex - Phase 2 

415 107 ・50 ’39 .1 43" E 15' 36' 2. 364" N 176 165 0.0 2 Deb ris Slide N63W Yes Gran ite 
Ben Giang - Que s。n

Pale 。z。ic N。 N。
como lex- Phase 3 

416 107 ' 50 ’34 ,710N E 15' 35 ・49 .452 " N 318 305 0,08 Debris Slide N 88W Yes Gran ite 
Ben Giang - Que Son 

Paleozo ic N。 N。
come lex- Phase 3 

417 107 ・51 ・33 .1 05N E 15・ 35・ 5九704• N 178 147 O.o2 Debr is Slide N2 6W No Gran ite 
Ben G iang - Que s。n Pa le 。z。ic N。 No 
c。mo lex - Phase 3 

418 107' 52 ・21 .265N E 15' 36 ’7,896N N 493 261 0,11 Rotationa l Slide S80E N。 Cong ’omerat e, sand 抗one. N。ng Son format ion -
M esoz 。，c N。 No 

剖ltst 。問 Lower Su bformation 

419 107 ・52 ・22 .764N E 15 ・35 ・58.222" N 287 131 O.D3 Debris Sli de S41E N。 c。ng，。merate .san dstone. Nong s。n format ion - Mesoz 。，c N。 N。
s1lt st 。同 L。wer Subformation 

420 107' 52 ’30.685N E 15' 35' 30 .748" N 257 212 0.05 Rotationa l Slide E86 N N。 Gran ite 
Ben Giang - Qu e Son 

Pale 。z。ic N。 N。
com ol ex - Phase 3 

421 107 ・50 ・36 ,846N E 15 ・35 ・37 .673 " N 290 172 0,04 Trans lati ona l Sli de N 84W Yes Gr anite 
Ben G iang - Que Son 

Pa le ozoic No N。
c。mo lex - Phase 3 

42 2 107' 50 ’42.086N E 15 ' 35 ’6.898N N 233 293 0.06 Rotat 』ona lSlide waos N。 Gran ite 
Be n G ia ng - Que s。n

Pa le oz 。ic N。 N。
como lex - Phase 3 

423 107 ・50 ・0・857" E 15 ・35 ・39 .964 " N 509 209 0,09 Trans lati ona l Sli de S72E N o Gran ite 
Ben Giang - Que Son 

Pa le ozoic No N。
c。m ol ex - Phase 2 

424 107 ・50 ’2.575" E 15 ' 35 ’25 .069" N 378 579 0.16 Rota t』ona lSlide S59E Yes Granite 
Ben Giang - Que s。n

Paleoz 。ic N。 No 。。mo lex- Phase 2 

425 107' 49 ’57 ,353N E 15' 35 ・16 .335 " N 134 161 0.o2 Rotationa l Slide S47E N。 Granite 
Ben Giang - Que s。n

Paleozoic N。 N。
com ol ex - Phase 2 

426 107 ' 49 ’39 .514N E 15 ・35 ・13.100" N 337 150 0.05 R。tationa lSlide E3 6N N。 Gran ite 
Ben Gia ng - Que s。n

Pa le 。zoic N。 No 
c。mo lex - Phas e 2 

427 107' 49 ’48 ,748N E 15' 35 ’8,310N N 523 247 0,11 R。tationa lSlide E28 N N。 Gran ite 
Ben Giang - Qu e s。n

Paleoz 。ic N。 N。
com olex- Phase 2 

428 107 ' 49 ・46.458N E 15 ' 35 ’0.888" N 141 65 0.Dl Rotationa l Slide E41N N。 Granite 
Ben G iang - Que Son 

Pa’eo zoic N。 N。
c。mo lex - Phase 2 

429 107 ' 49’54 ,1 18NE 15 ' 34 ・59 .767" N 196 17 4 0,03 Rotationa l Slide S64E N。 Gran ite 
Ben Giang - Que Son 

Paleozoic N。 N。
c。m ol ex - Phase 2 

430 107' 50 ・I0 ,94r E 15 ' 34 ・48.529 " N 32 6 422 0.11 Rotationa l Slide N 90W Yes Gran ite 
Ben Giang - Que Son 

Pa le ozoic N。 N。
c。mo lex- Phase 2 

431 107 ' 49' 59 .228N E 15 ' 34 ・46.4 10" N 226 302 0,07 R。tationa lSlide S54E Yes Gran ite 
Ben Giang - Que Son 

Pa le ozoic Ye s N。
como lex - Phase 2 

432 107' 49 ・49 ,252 N E 15' 34 ・43.413 " N 314 171 0,05 Rotationa l Slide SOE N。 Gran ite 
Ben Giang - Que Son 

Pa le ozoic N。 N。
com ol ex- Phase 2 

433 107 ・50 ’1.279" E 15 ' 34 ’38.168" N 248 121 0.03 Rotationa l Slide E66N Yes Gran ite 
Ben Giang - Que Son 

Paleozoic Yes N。
como lex- Phase 2 

434 107' 50 ・4.687 ”E 15 ' 34 ・25 .470 " N 190 181 0,03 Deb ris Slide E9N N。 Gran ite 
Ben Giang - Que Son 

Pa le 。zoic N。 N。
com ol ex - Phase 2 
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435 107 ・50 ・0. 117 ”E 15 ・34 ・18.477 " N 262 198 0,05 Debris Slide W84S Yes Granite 
Ben Giang - Que Son 

Pa le 。zoic Yes No 
como lex - Phase 2 

436 107° 49 ' 54 .283" E 15 ' 34 ・21 .952" N 337 179 0.05 Deb ris Slide W87S Yes Gran ite 
Ben Giang - Que Son 

Paleozoic Ye s N。
como lex - Phase 2 

437 107' 49 ・48 ,000" E 15' 34 ・23.606" N 416 172 0,07 Deb ris Slide SJE N。 Gran ite 
Ben Giang - Que Son 

Pa leo zoic Yes No 
como lex- Phas e 2 

438 107 ・49 ・28 .472" E 15 ・34 ・35.493" N 255 309 0,07 Rotationa l Slide W22S No Granite 
Ben G iang - Que Son 

Pa leo zoic N。 No 
como lex - Phase 2 

439 107' 49 ・6.984" E 15 ' 35 ’5,927" N 215 142 0,03 Rotationa l Slide W32S N。 Gran ite 
Ben Giang - Que Son 

Pale 。z。ic N。 N。
com ole x- Phas e 2 

440 107' 48 ・46 .067" E 15' 35 ・2仏344 " N 384 229 0.08 Debr is Slide E1N Yes Granite 
Ben Giang - Que Son 

Pa le ozoic N。 N。
como lex- Phase 2 

441 107' 48 ・48 .738" E 15• 35 ・14 .528" N 326 145 0.04 Deb ris Slide E16N Yes Gran ite 
Ben Giang - Que Son 

Pale 。z。ic N。 N。
como lex - Phase 2 

442 107 ・48 ’51 ,541" E 15 ・35 ・9,523" N 268 159 0,04 Rotationa l Slide E25N N。 Granite 
Ben G iang - Que Son 

Pa leozo ic N。 N。
c。mo lex - Phase 2 

443 107 ・48 '36 .282" E 15' 35 ’8.759" N 172 1155 0.17 R。tat 』ona lSlide W17S No Gran ite 
Ben Giang - Qu e s。n

Pale 。zoic N。 N。
como lex- Phase 2 

444 107 ・48 ’29 ,863" E 15 ・35 ・14.341 " N 262 1146 0,24 Rotationa l Slide E17 N No Granite 
Ben Giang - Que Son 

Pa le 。zoic N。 N。
como lex - Phase 2 

445 107 ・48 '10 紛 7" E 15' 35 ・6.317" N 339 166 0.0 6 Deb ris Slide S32E N。 Gran ite 
Ben Giang - Que s。n

Pale 。z。ic N。 N。
como lex- Phase 1 

446 107' 47' 57 ,689" E 15' 35 ・14.614 " N 1449 367 0,48 Deb ris Slide S21E N。 Gran ite 
Ben Giang - Que Son 

Paleozo ic N。 N。
come lex- Phase 1 

44 7 107 ・48 ’10 .753" E 15 ・34 ・51 .725" N 331 209 0.0 6 Debr is Slide S lOE Yes Schist 
A Vuong formation - Pa le 。z。ic N。 No 
L。wer Subfo nnat 』。n

448 107' 48 ’58 ,779" E 15' 34 ・40 .890" N 245 115 0,03 Debr is Slide N44W N。 Granite 
Ben Giang - Qu e s。n

Paleozoic N。 No 
com olex- Phas e 2 

449 107' 48 ・29 .742" E 15 ・34 ・39 .555" N 278 144 0.04 Rotationa l Slide E64N N。 Schist 
A Vuongfom 袖 ti 。n - Pa le 。z。ic N。 N。
L。wer Subfonnation 

45 0 107' 48 ' 18 .286" E 15 ' 34 ・42. 162" N 224 164 0.03 Rotationa l Slide N7W Yes Gran ite 
Ben Giang - Qu e Son 

Pale 。z。ic N。 N。
com ole x- Phase 2 

451 107 ・48 ・49 ,348" E 15 ・34 ・50.330 " N 229 165 0,14 Debr is Slide N4W Yes Schist 
A Vuong format ion -

Pa leo zoic No N。
Lower Subfonnati 。n

452 107' 46 ' 37 .576" E 15 ' 34 ・47 .761" N 550 643 0.26 Rotat 』ona lSlide E30N N。 Schist 
A Vuong formati 。n -

Paleoz 。ic N。 N。
L。wer Subformat.ion 

453 107' 46 ’28 ,334 " E 15 ・34 ・40.694 " N 18 6 197 0,03 Rotationa l Slide E22 N N o Sandstone , Schist A Vuong fo rmation -
Paleozoic No N。

Midd le Subf ，。nnation

454 107 ・46 '10 .645" E 15 ' 34 ’44 .069" N 828 461 0.33 Rotat 』ona lSlide E81N No Sandstone. Schist 
A Vuong formati 。n -

Paleoz 。ic N。 No 
M idd le Subfonnation 

455 107' 47' 27 ,976" E 15 ' 34 ・13 .092" N 301 115 0,03 Debr is Slide S11E N。 Bi。tit sch ist, Bio tit gneiss 
Kham Due format ion・ 

Midd le Subformation 
Precambnan N。 N。

456 107' 47' 31 ,593" E 15' 34 ・11.739 " N 253 115 0,03 Debr is Slide W89S N o Bio tit sc hist, Biotit gneiss 
Kham Du e forma ti on -

Preca11 、bnan No N。
Midd le Subformatlon 

457 107' 47' 41 .04 1" E 15 ' 33 ・59 .331" N 407 208 0.D9 Rotationa l Slide S7E No Biotit sch ist, Bioti t gnei 日
Kham Due formation ・

Precam brian N。 No 
Midd le Subformatlon 

458 107 ・48' 6.293" E 15' 33 ・49 .812" N 351 186 0,07 R。tationa lSlide W64S No Bio tit sc hist .• Biotit gneiss 
Kham Due format ion ・

Precambrian N。 N。
Midd le Subform ati on 

459 107' 48 ' 28 .434" E 15 ° 33' 50 .410" N 363 245 0.10 Rotationa l Slide E39N N。 Blotlt sc hist, Blotlt gneiss 
Kham Due format ion -

Precamb 円an N。 N。
Mi ddle Subformation 

460 107' 49 ’15 ,904" E 15 ' 34 ・20.545 " N 282 158 0,04 Debr is Slide E47 N N。 Schist 
A Vuon 唱f。rmati 。n -

Pa le 。zoic N。 N。
L。wer Subf•。円nat.i。n

461 107 ・49 ’16 .729" E 15 ・34 ’7.429" N 178 71 0.01 Deb ris Slide S57E Yes Schist A Vuonc formation - Pa le 。zoic Yes N。
L。wer Subfonnation 

462 107' 49 ’12 ,975" E 15° 33 ・57 .085" N 282 138 0,04 Deb ris Slide S60E Yes Schist 
A Vuong fo rmati 。n -

Pale 。zoic Yes N。
L。wer Su bf，。円nab 。n

463 107' 49 ’12 .439" E 15 ' 33・49 .309" N 209 68 O.Dl Debr is Slide S83E Yes Schist 
A Vuong format ion -

Pa le 。zoic Yes N。
L。wer Subfo nnati 。n
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464 107' 48 ’54.850# E 15• 33 ・3乙057* N 160 192 0,03 Rotationa l Slide W53S N。 Bio tit sch ist, Biotit gneiss 
Kham Due format ion -

Precambnan N。 No 
Middle Subformatlon 

465 107 ・49 ・1.186" E 15 ・33' 38.336 " N 203 175 0,04 Rotationa l Slide E88N Yes Biotit sch ist, Bioti t gneiss 
Kham Dυc format ion ・

Precambrian N。 N。
Middle Subformatlon 

466 107 ・49 ・7.015 ”E 15 ・33 ’36 .774" N 258 167 0.04 Rotationa l Slide E65N Yes Biotit sch ist, Bio ti t gneiss 
Kham Due format ion ・

Precambnan N。 N。
Midd le Subformation 

467 101 ・ 49 ・11.853" E 15' 33' 33 .513" N 292 112 0.03 Debr is Slide N22W Yes Biotlt sch ist, Blo tlt gneiss 
Kham Due formation -

Preoambnan N。 N。
Midd le Subformation 

468 107• 48 ・58.461" E 15 ° 33 ・16 .703" N 511 364 0.16 Debr is Slide E73N N。 Biotlt sch ist, Blotlt gneiss 
Kham Due format ion -

Precambnan N。 N。
Midd le Subformation 

469 107' 49 ・25 ,098" E 15 ' 33 ’9,070" N 427 208 0,08 Rotationa l Slide E27N N。 Bio tit sch ist, Biotit gneiss 
Kham Due forma ti on ・

Precambnan N。 N。
Middle Subformatlon 

470 107 ・49 ・36 ,412" E 15 ・33 ’1乙560 " N 289 265 0,04 Rotationa l Slide S78E Yes Biotit sch ist, Bioti t gneiss 
Kham Due formation ・ 

Precambrian Yes N。
Middle Subformation 

471 107 ・50 '36 . 732" E 15' 33' 31 .277" N 401 360 0.13 R。tat 』ona lSlide W55S No Schist 
Nu i Vu formation -

Precambrian N。 N。
Lower Subfonnation 

472 107' 50 ’54 ,029" E 15° 33 ・2乙230" N 378 222 0,09 R。tationa lSlide W35S N。 Schist 
Nuo Vu formation -

Precambnan N。 N。
Lower Subfom 噛 ti on 

473 107 ・51 ・18 .549" E 15 ・33 ・41 .594" N 368 106 0.04 Debr is Slid e E70N N。 Schist 
Nuo Vu formati 。n -

Precambnan N。 N。
L。wer Subfonnati 。n

474 107' 51 ’21,551" E 15• 33 ・28.431" N 338 135 0,05 Debr is Slide W18S N。 Schist 
Nuo Vu formation -

Precamb nan N。 N。
Lower Subfonnation 

475 101・ 51 ・24 .497" E 15 ・33 ・24 .410" N 291 120 0.04 Debr is Slide W11S No Schist 
Nu 1 Vu format1 。n -

Precambrian N。 N。
L。wer Subfonnation 

476 101・ 52 ・16 .806" E 15 ° 33' 12.318" N 852 887 0.84 Rotationa l Slide S8E N。 Schist 
Nuo Vu format1 。n -

Precambnan N。 N。
Low er Subfonnation 

477 107 ・52 ・14 ,905 " E 15 ・32 ・41.305 " N 457 208 0,09 Debr is Slide E45N No Granite Dieng Bong comp lex Precambrian N。 N。
478 107 ・48 ・16.524" E 15 ・33 ・15 .179" N 568 992 0.42 Rotationa l Slide E46N N。 Biotit schist, Biotit gneiss 

Kham Due format ion ・
Precambrian N。 N。

Midd le Subformation 

479 107 ・48 ’6.560 ”E 15• 33' 0.356" N 310 147 0.04 Debr is Slide N19W N。 Biotit schist, Bio ti t gneiss 
Kham Due format ion ・

Precambrian N。 N。
Midd le Subformation 

480 101・ 47 ・58 .428" E 15 ° 32' 58.886" N 1165 412 0.46 Debr is Slide E88N N。 Blo tlt sc hist , Blo tlt gneiss 
Kham Due format ion -

Precambnan N。 N。
Midd le Subformation 

481 107' 47' 54 ,708" E 15• 33 ・15.173" N 800 327 0,23 Deb ris Slide E54N N。 Biotit sch ist, Biotit gneiss 
Kham Due formation -

Pr ecam bnan N。 N。
Midd le Subformation 

482 107• 47' 44 ,020 " E 15 ・33 ・2乙922 " N 615 314 0,17 Debr is Slide E68N N。 Bio tit sch ist, Biotit gneiss 
Kham Du e forma ti on・ 

Precambrian No N。
Mlddle Subformatlon 

483 107• 4 7' 34 .388" E 15• 33 ・34 .105" N 425 276 0.11 Trans lati 。na lSlide SSOE No Biotit sch ist, Bioti t gneiss 
Kham Dυc format ion ・ 

Precambrian N。 N。
Mlddle Subformation 

484 107 ・47' 32 .989" E 15• 33 ’24 .640" N 575 257 0.16 R。tationa lSlide E85N No Bio tit sc hist .• Bio ti t gneiss 
Kham Due format ion ・

Precambrian N。 N。
Midd le Subformation 

485 107• 47 ・23 ,667" E 15• 33 ・23.322" N 374 238 0,07 Rotationa l Slide N2W N。 Blotlt sch ist, Blotlt gneiss 
Kham Due format ion -

Precambnan N。 N。
Midd le Subformation 

486 107' 47' 15 ,949 " E 15° 33 ・26 .519" N 275 236 0,05 Rotationa l Slide N9W N。 Biotlt sch ist, Biotlt gneiss 
Kham Du e formation -

Precamb 円an N。 N。
Midd le Subformation 

487 107• 47' 12 ,212 " E 15' 33 ・19 .426 " N 245 255 0,06 Rotationa l Slide N88W N。 Bio tit sch ist, Biotit gneiss 
Kham Due format ion ・

Precambrian No N。
M ldd le Subformatlon 

488 107' 47' 14 .187" E 15• 32 ・59 .850" N 577 324 0.16 Trans lati 。na lSlide W24S N。 Biotit sch ist, Bioti t gneiss 
Kham Due format ion ・ 

Precambnan N。 N。
Middle Subformation 

489 107 ・47' 8.586" E 15• 32 ・45 .647" N 396 227 0.08 Trans lationa l Slid e W38S N。 Bio tit sch ist, Bio ti t gneiss 
Kham Due format ion ・

Pa’eozoic N。 N。
Midd le Subformation 

490 107' 47 ' 11 ,714" E 15 ° 32 ・39 .949" N 410 195 0,07 Tr 百四lat iona lSli de W36S N。 Bio tlt sch ist, Blo tl t gneiss 
Kham Due format ion -

Pr e cart 、b円an N。 N。
Midd le Subformation 

491 107' 48 ・16 ,132 "E 15• 32 ・4九718 " N 487 345 0,15 Rotationa l Slide E18N N。 Blo tlt sch ist, Blotlt gneiss 
Kham Due format ion -

Precamb 円an N。 N。
Midd le Subformation 
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492 107' 48 ’23.595# E 1s・ 32 ・4乙561* N 450 263 0,10 Rotationa l Slide ESSN N。 Bioti t sc hist, Bioti t gneiss 
Kham Due format ion -

Precambnan N。 No 
Middle Subformatlon 

493 107 ・48 ・53 ,67r E 15・32 '25 .601 " N 216 137 0,03 Rotationa l Slid e S1E No Biotit sch ist, Bioti t gneiss 
Kham Dυc format ion ・

Precam brian N。 N。
Midd le Subformatlon 

494 107 ・48 ’49 .1 58" E 15 ・32' 20.183" N 350 484 0.13 Rotationa l Slide S84E N。 Biotit sc hist, Biotit gneiss 
Kham Due format ion ・

Precambnan N。 N。
Midd le Subformati on 

495 107• 48 ・41.072" E 15' 32' 28 .955" N 280 270 0.08 R。tat 』ona lSlide E9N N。 Biotlt sch ist, Blotlt gneiss 
Kham Due formation -

Preoambnan N。 N。
Midd le Subformati on 

496 107• 48 ・29 .455" E 15° 32 ・23 .792" N 370 234 0.08 R。tationa lSlide S19E N。 Biotlt sch ist, Blotlt gneiss 
Kham Due format ion -

Precambnan N。 N。
Midd le Subformation 

497 107' 48 ・18 ,602" E 15• 32 ・29 .388" N 247 243 0,05 Deb ris Slide W79S N。 Bio tit sc hist, Bioti t gneiss 
Kham Due forma ti on ・

Precambnan N。 N。
Midd le Subformatlon 

498 107 ・48 ’5.24 9”E 15 ・32 ’34 .175" N 267 154 0,04 Rotationa l Slide S41E N。 Biotit sch ist, Biotit gneiss 
Kham Due formation ・ 

Precam brian N。 N。
Midd le Subformation 

499 107 ・47' 58 .836" E 15 ・32 ・34.126" N 275 103 0.04 Rotationa l Slide S69E No Biotit sch ist, Bio ti t gneiss 
Kham Due format ion ・

Precambnan N。 No 
Midd le Subformati on 

500 107 ・47' 32 .837" E 15' 32 ’31 .682" N 665 300 0.16 Debr is Slide W10S N。 Bio tit schist, Bio tit gneiss 
Kham Due format ion -

Precambrian N。 N。
Midd le Subformation 

501 107' 47 ・41 ,1 05"E 15 ° 32 ・24 .511" N 785 343 0.21 Deb ris Slide W2S N。 Blotlt sch ist, Biotlt gneiss 
Kham Due format ion -

Precambnan N。 N。
Midd le Subformation 

502 107' 47' 26 ,934" E 15° 32 ・1乙118" N 703 238 0,15 Debr is Slide W41S No Biotit sc hist, Biotit gneiss 
Kham Due forma ti on ・

Precambrian N。 N。
Mldd le Subformatlon 

503 107 ・47' 27 ,489" E 15 ・32 ・3,135" N 1232 349 0,45 Deb ris Slide W30S No Bio tit sch 回， Biotit gnei 日
Khan 、Due formation • 

Pr ec am brian N。 N。
Midd le Subformation 

50 4 107 ・47' 24 .549" E 15• 31 ’45 .668" N 351 178 0.0 6 Deb ris Slide W37S N。 Schist and &ne iss 
Kham Duo format ion -

Precambrian N。 N。
Uoo er Subformation 

505 107' 4 7' 55 ,407" E 15' 32 ’2.272" N 621 272 0,17 Debr is Slide S31E N。 Biotit sc hist, Biotit gneiss 
Kham Due format ion ・ 

Midd le Subformation 
Precamb nan No N。

506 107 ・48 ・0.0 90 ”E 15 ・32 ・10.859 " N 907 430 0,44 Debr is Slide W83S N。 Biotit sc hist, Biotit gneiss 
Kham Due forma ti on -

Pre can 、bnan N。 N。
Mldd le Subformatlon 

507 107• 48 ・14 .719" E 15 ・32 ・15.039" N 287 230 0.05 Rotationa l Slide S76E No Biotit sch ist, Bioti t gneiss 
Kham Due format ion ・

Precam brian N。 N。
Mldd le Subformatlon 

508 107 ・48 '20 .674" E 15• 32' 20 .311" N 165 183 0.0 3 Rotat 』ona lSlide E37N No Biotit sc hist, Bio ti t gneiss 
Kham Due format ion ・

Precambrian N。 N。
Midd le Subform ati on 

509 107' 48' 41.16 6" E 15° 32' 8.030" N 506 372 0.16 Rotationa l Slide E26N N。 Blo tlt sc hist, Blotlt gneiss 
Kham Due formation -

Precambnan N。 N。
Midd le Subformation 

510 107' 48 ’50 ,073" E 15° 31 ・58.485" N 579 476 0,25 Rotationa l Slide E23 N N。 Bio tit sch ist, Biotlt gneiss 
Kham Due formation -

Precambnan N。 N。
Midd le Subformation 

511 107・ 48 ・54 ,480" E 1s・ 31 ・4乙.423 " N 486 385 0,18 Rotationa l Slide E10N N。 Bio tit sch ist, Bioti t gnei 日
Kham Due format ion・ 

Precam brian Yes N。
Mlddle Subformatlon 

512 107 ・ 48 ・57 .836" E 1s・ 31 ・31 .254" N 195 112 0.o2 Rotationa l Slide ESON N。 Biotit sch ist, Bioti t gneiss 
Kham Due format ion ・

Precam brian N。 N。
Mldd le Subformatlon 

513 107 ・48 ’9.919" E 15• 31 ’43.172" N 382 407 0.14 Rotationa l Slide W39S No Bio tit sc hist .• Bio ti t gneiss 
Kham Due form ation ・

Precambrian N。 N。
Midd le Subform ati on 

514 107• 48 ・18 ,290" E 15 ° 31 ・33.343" N 390 363 0,12 Rotationa l Slide W45S N。 Blotlt sc hist, Blotlt gneiss 
Kham Due format ion -

Pr ecam bnan N。 N。
Midd le Subformation 

515 107' 48 ・34 ,783" E 15° 31 ・33.713 " N 331 174 0,05 Rotationa l Slide S77E N。 Biotit sc hist, Biotit gneiss 
Kham Due formation -

Precamb 円an N。 N。
Midd le Subformation 

516 107・ 48 ・22 ,632" E 15' 31 ・18.223 " N 731 205 0,17 Debr is Slide W75S N。 Bio tit sch ist, Bioti t gneiss 
Kham Due forma ti on ・

Precam bnan N。 N。
Mldd le Subformatlon 

517 107' 48 ’34 .418" E 15• 31・19.479" N 522 252 0.13 Rotationa l Slide S6E N。 Biotit sch ist, Bioti t gneiss 
Kham Due format ion ・ 

Precambnan N。 N。
Midd le Subformation 

518 107 ・48 ’41.20 8" E 15• 31 ・2乙728" N 255 148 0.03 Rotationa l Slide SOE No Biotit sc hist .• Biotit gneiss 
Kham Due fo 『m ation ・

Precambrian N。 No 
Mi ddle Subformation 
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519 107' 48 ’53.206# E 1s・ 31 ’6,341# N 341 169 0,05 Rotationa l Slide EON Yes Biotit sch ist, Biotit gneiss 
Kham Due forma tion -

Precambnan Yes No 
Middle Subformatlon 

520 107• 47' 52 ,368" E 1s ・ 31 ・27 .130" N 875 245 0.21 Debr is Slide SlE No Sci 、国t and g、e1ss Kham Due f，。円nat ion -
Precambnan N。 No 

Uooer Subfo 阿nation

521 101• 49 ' 31.314" E 1s・ 32・ 2乙.494" N 288 201 0.05 R。tat 』ona lSlid e N60W Yes Bi。tit sch ist, Blo tit gneiss 
Kham Due format ion -

Preoambnan N。 N。
Midd le Subformation 

522 107• 49 ・26 ,401" E 15• 32 ・13.203" N 238 171 0,03 R。tationa lSlide N82W Yes Biotlt sch ist, Biotit gneiss 
Kham Due forma ti on -

Precambnan N。 N。
Midd le Subformation 

523 101・ 49 ・25 ,158" E 1s・ 32 ・6,925" N 308 203 0,06 Rotationa l Slide W4S Yes Bi。tit sc hist, Biotit gneiss 
Kham Due forma ti on ・

Precamb 円an N。 N。
Mlddle Subformatlon 

524 107° 49 ・36 ,159" E 1s ・ 32 ’9,487" N 312 155 0,04 Rotationa l Slide N40W Yes Biotit sch ist, Biotit gneiss 
Kham Due format ion -

Precambrian N。 N。
Middle Subformation 

525 101 ・ 49 ’56 .835" E 1s• 32 ・20.839" N 252 129 0.03 Debr is Slide N67W N。 Biotit sch ist, Biotit gneiss 
Kham Due format ion -

Precambnan N。 N。
Midd le Subformation 

526 107 ・50' 2.630" E 15• 32' 17 .122" N 283 136 0.04 Debr is Slide E74N No Biotlt sch ist, Blo tlt gneiss 
Kham Due format ion -

Precambrian N。 N。
Midd le Subformation 

527 107° 50 ・11 ,935" E 1s・ 32 ・15,037" N 486 339 0,09 Rotationa l Slide E87N N。 Biotit sch ist, Biotit gneiss 
Kham Due forma ti on -

Precambnan N。 N。
Midd le Subformation 

528 107 ・50 ’37 ,731" E 15 ・32 ・11 .188 " N 610 169 0,09 Debr is Slide N79W No Biotit sc hist, Biotit gneiss 
Kham Due forma ti on ・

Precambrian N。 N。
Mldd le Subformatlon 

529 107° 51' 7.683" E 15° 31' 58.932 " N 357 123 0.04 Debr is Slide NSW N。 Biotit sch ist, Biotit gneiss 
Kham Due fo rm ati on ・

Precambrian N。 N。
Midd le Subformation 

530 107 ・51 ・11 .489" E 15 ・31 ’59 .768" N 451 130 0.05 Debr is Slide N27W N。 Biotit sch ist, Bio tit gneiss 
Kham Due format ion -

Precamb 円an N。 N。
Midd le Subformation 

531 101・ 50 ’15 .585" E 15• 31 ’52.002" N 276 196 0.06 R。tationa lSlide W39S N。 Bio tit sch ist, Blotit gneiss 
Kham Due format ion -

Precamb nan N。 N。
Midd le Subformation 

532 107° 49 ’26 ,849" E 15• 31 ・24 .023" N 598 220 0,12 Rotationa l Slid e EON Yes Biot it sch ist, Biotit gneiss 
Kham Due format ion -

Midd le Subformation 
Precambnan No N。

533 107° 49 ・58 ,966" E 15 ・31 ・29.043 " N 451 205 0,09 Rotationa l Slide W84S N。 Biot it sch ist, Bio tit gneiss 
Kham Due forma tion -

Preca11 、bnan N。 N。
Mlddle Subformatlon 

534 107 ° 50 ’19 .142"E 15 ・31 ・24.425" N 327 163 o.os Rotationa l Slide E38N No Biotit sch ist, Bioti t gneiss 
Kham Due forma tion ・

Precambrian N。 N。
Middle Subformatlon 

535 107 ・50 ・20 .425" E 15° 31 ・14 .226" N 118 212 0.03 Rotat 』ona lSlide W65S No Biotit sch ist, Biotit gneiss 
Kham Due format ion ・

Precambrian N。 N。
Midd le Subformation 

536 101• 50 ' 34 .012" E 15• 31 ・11.499" N 137 182 0.02 Rotationa l Slide W87S N。 Blotlt sch ist, Blo tlt gnei ss 
Kham Due format ion -

Precamb nan N。 N。
Midd le Subformation 

537 107° 46 ’59 ,030" E 1s・ 31 ・38.631 " N 491 577 0,27 Rotationa l Slide S72E No Sandstone , Schist 
A Vuon 唱f。rmation -

Paleozoic No N。
Midd le Subf ，。円nati 。n

538 107 ・45 ’40 .862" E 15• 33' 5.831" N 996 785 0.70 Rotationa l Slide E82N N。 Sandstone. Schist 
A Vuonc formation -

Paleoz 。ic N。 N。
M idd le Subf ，。円nation

539 107• 45 ・6.886 ”E 15° 32 ・38.940" N 2666 1254 1,74 Rotationa l Slid e N86W N。 Sandstone , Schist 
A Vuong formati 。n -

Paleozoic N。 N。
Midd le Subf ，。nnation

540 107• 45 ’35 .453" E 15• 32 ・36 .575" N 456 276 0.11 R。tationa lSlide N58W No Sandst 。ne, Schist 
A Vuong format ion -

Pale 。zoic N。 N。
Midd le Subf ，。円nation

541 107° 46 ’19 ,732" E 15• 31 ・23.491" N 2238 3127 5,75 Debr is Slide E4N N。 Sandstone , Schist 
A Vuong f。rmation -

Paleozoic N。 N。
M idd le Subf ，。円nati 。n

542 107 ° 45 ’49 .298" E 15• 31 ・55 .639" N 1073 332 0.40 Debr is Slide W88S N。 Sandstone . Schist 
A Vuong f。rmat i。n -

Pale 。zoic N。 N。
Midd le Subfo 円nati 。n

543 101・ 46' 0.o79 ”E 15• 32 ’1.678" N 881 220 0.18 Debr is Slide W89S N。 Sandston e, Schist 
A Vuong formati 。n -

Paleozoic N。 N。
M idd le Subf ，。円natl 。n

544 101・ 46 ・6.770 ”E 15° 32 ’0,117" N 878 223 0,18 Debr is Slide W87S N。 Sandst 。ne ,Schist 
A Vuong forn 抽 tion -

Paleozo ic N。 N。
Midd le Subf ，。円nati 。n

545 101 ・ 46 ’24 .926" E 15• 32 ’5.1 61" N 484 193 0.09 Debr is Slide S72E N。 Sandstone, Schist 
A Vuong formation -

Paleozoic N。 N。
Midd le Subf ，。円nati 。n

546 107° 46 ’37 ,821" E 1s・ 31 ・54.343 " N 682 179 0,11 Debr is Slide S43E N。 Sandst 。ne ,Schist 
A Vuong formation -

Paleozoic N。 N。
M idd le Subf ，。円nati 。n
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547 107 ・46 ・22.S22N E 15• 32 ・8.S6r N 875 392 0,40 Debris Slide S69E N。 Sandstone, Schist 
A Vuong formation -

Pa le 。zoic N。 No 
Midd le Subf ，。円nation

548 107• 46 ' 38 .350" E 15 ' 31 ・34.440" N 803 1126 0.80 Deb ris Slide S66E N。 Sandst 。ne ,Schist 
A Vuong formation -

Paleozoic N。 N。
Midd le Subf ，。聞、ati on 

549 107' 46 ・4.927" E 15' 31 ・1九129" N 1165 420 0,63 Deb ris Slide S17E N。 Sandstone , Schist 
A Vuong f。rmation -

Pa leo zoic N。 No 
Midd le Subf ，。rmation

550 107 ・45 ’51 .240N E 15 ・31 ・26 .269" N 1173 281 0.35 Debr is Slide S 18E No Sandstone, Schist 
A Vuong format ion -

Paleozoic N。 No 
Midd le Subf ，。円nation

551 107' 45 ’52.75r E 15' 31 ・11 .677" N 312 103 0,03 Deb ris Slide S65E N。 Sandst 。ne ,Schist 
A Vuong f。rm a ti 。n -

Pale 。z。ic N。 N。
Midd le Subf ，。問、ati on 

552 107• 45 ’46 .643" E 15• 31 ・6.394" N 275 165 0.05 Debr is Slid e EON N。 Sandstone, Schist 
A Vuong formation -

Pa le ozoic N。 N。
Midd le Subf ，。円nati 。n

553 107' 45 ・53 .271N E 15• 31 ・1.207" N 563 320 0.15 Rotationa l Slide E18N No Sandstone , Schist 
A Vuong fo rmation -

Pale 。z。ic N。 N。
Midd le Subf ，。門別ati on 

554 107 ・46 ’4.899 ＇’E 15 ・30 ’48.96r N 870 332 0,28 Rotationa l Slide E26N N。 Sandstone , Schist 
A Vuong formati on -

Pa leozo ic N。 N。
Midd le Subf ，。円nation

555 107 ・46 '12 .646" E 15 ' 30' 43 .470" N 624 289 0.18 R。tat 』ona lSlide E58N No Sandst 。ne ,Schist 
A Vuong formation -

Pale 。zoic N。 N。
Midd le Subf ，。rmati 。n

556 107 ・45 ’31 ,099N E 15 ・30 ・39 .431" N 656 469 0,25 Debr is Slide W4S No Sandst 。ne ,Schist 
A Vuong formation -

Pa le 。zoic N。 N。
Midd le Subf ，。円nati 。n

557 107 ・45 ’35 .605" E 15' 30 ’27 .512" N 713 360 0.22 Debr is Slide W14S N。 Sandst 。ne .Schist 
A Vuonc formati 。n -

Pale 。z。ic N。 N。
Midd le Subf ，。円nati 。n

558 107' 48 ’13 ,982" E 15• 30 ・18.222 " N 528 716 0,33 Rotationa l Slide EON N。 Schist and g 暗 iss
Kham Due formation -

Precambnan N。 N。
Ueeer Subf•。rmation

559 107 ・48 ’33 .919" E 15 ・30 ・23.282" N 272 126 0.21 Rotationa l Slide EON No Biotit schist, Bi 。tit gneiss 
Kham Due format ion -

Precambnan N。 No 
Midd le Subf ，。円nation

560 107' 50 ' 38 .1 55" E 15 ' 30' 31 .100" N 478 273 0.11 Debr is Slide N10 .3W N。 Blotlt sch is t, Bio tlt gneiss 
Kham Due format ion -

Precambnan N。 N。
Midd le Subformati on 

561 107' 51 ・9.820" E 15• 30 ・15 .951"N 253 209 0,05 Deb ris Slide EON N。 Bio tit sch ist, Bioti t gneiss 
Kham Due format ion -

Precambnan N。 N。
Midd le Subformation 

562 101・ 51 ・15 ,982 N E 15 ・30 ・21 .433" N 241 336 0,07 Rotationa l Slide EON N。 Biotit sc hist, Biotit gnei 日
Kham Due forma ti on -

Precam brian N。 N。
Midd le Subformatlon 

563 101 ・ 51 ・26.471" E 15 ・30 ・20.258" N 272 126 0.03 Rotationa l Slide EON No Biotit sch ist, Biotit gneiss 
Kham Due format ion ・ 

Precambrian N。 N。
Midd le Subformatlon 

564 107 ・51 ’28 .253" E 15 ' 30 ’16 .277" N 202 161 0.03 R。tat 』ona lSlide EON N。 Bio tit sc hist, Bio tit gneiss 
Kham Due format ion ・

Precambrian N。 N。
Midd le Subformation 

565 107' 51' 12 ,475" E 15• 3σ1 ,659" N 405 303 0,10 Rotationa l Slid e S30E N。 Bio tlt sc his t, Blo tl t gneiss 
Kham Due format ion -

Precambnan N。 N。
Midd le Subformation 

566 107' 50 ・0. 761"E 15• 30 ・10.591 " N 291 135 0,03 Deb ris Slide N14 .03W N。 Bio tit sch ist, Biotit gneiss 
Kham Due format ion -

Precam bnan N。 N。
Midd le Subformation 

567 107・ 49 ・54 ,066" E 15・ 30 ・11.262 " N 599 24 1 0,11 Debr is Slide N30.38W N。 Biotit sc hist, Bioti t gnei 日
Khan 、Due forma tion ・

Precam bnan No N。
Midd le Subformation 

568 101 ・ 49 ’43 .675" E 15' 30 ・18 .079" N 538 320 0.14 Debr is Slide N35 .83W N。 Biotit sch ist, Bioti t gneiss 
Kham Due format ion ・ 

Precambnan N。 N。
Midd le Subformation 

569 101・ 49 ・35 .704" E 15 ' 30' 14 .831" N 437 206 0.11 Debr is Slide N12.09W N。 Bio tit sc hist, Biotit gneiss 
Kham Due form ation -

Pre can 、bnan N。 N。
Midd le Subformation 

570 107 ' 49 ’50 ,522" E 15• 29 ・38.982" N 1025 783 0,73 Deb ris Slide W69 ,1S Yes Sch ist and gne iss 
附祖m Due format ion -

Precambnan N。 N。
Upp er Subf•。同nation

571 101・ 49 ’29 .330" E 15 ' 29 ・46 .460" N 584 497 0.27 Rotationa l Slide W42.82S Yes Schist and g 唱 iss
附袖m Due f。rmat 1。n -

Precambnan N。 N。
Upoer Subformation 

572 107' 49 ・5.525" E 15 ' 29 ・56 .523" N 321 332 0,08 Rotationa l Slid e W 33 .11S Yes Schist and gne iss 
Kham Due f。円旬、at 1。n -

Precambnan N。 N。
Uooer Su bformation 

573 107' 49 ・9.412" E 15• 30 ・1仏721" N 513 576 0.25 Rotationa l Slide N74 .22W Yes Schist and g 明 iss
阿国m Duo formati 。n -

Precam brian N。 N。
Upoer Subformation 

574 107' 48 ' 53 .394" E 15 ' 29' 55 . 795" N 443 385 0.15 R。tationa lSlide E9 .66N Yes Gn eiss 。gran ite
Da i Loe comp lex - Phase 

Pre can 、b円an N。 N。
575 107" 47 ' 41 ,870" E 15 ' 29' 56 .2 75" N 292 167 0,04 Ro 旬 tiona lSlide E5 九5N N。 Sch is t and gneiss 

Kha m Due fo 円nat ion -
Precam brian N。 N。

Upoer Subformation 
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576 107 ・47' 25.23r E 15 ・29 ・55.094 " N 287 300 0,07 Rotationa l Slid e N73.05W N。 Schist and gneiss 
Kham Due fonnation -

Precambrian N。 No 
Uooer Subfonnation 

577 107 ° 47' 28 .822" E 15 ' 29 ・4乙573" N 651 426 0.26 Rotationa l Slide N63 .71W N。 Schist and g 国iss
Kham Due fonnat 1。n-

Precambnan N。 N。
Uoo er Subfonnation 

578 107' 46 ・41 ,001" E 15' 29 ・44.036" N 826 595 0,39 Rotationa l Slide N34 .19W N。 Sandstone , Schist 
A Vuong f。rmat ion -

Paleozo ic N。 No Midd le Subf ，。nnation

579 107 ・45 ’57 .603" E 15 ・29 ・31 .769" N 347 176 0.05 Debr is Slide E87 .4N No Sandstone , Schist 
A Vuong format ion -

Paleozoic N。 No 
Midd le Subf，。円nation

580 107 ' 46 '47 ,183"E 15' 29 ・13 .871" N 576 231 0,12 Debr is Slide S2 ,15E N。 Sandst 。ne ,Sch ist 
A Vuong f。rm a ti 。n -

Pale 。z。ic N。 N。
Midd le Subf ，。問、ati on 

581 107' 47' 2.843 ＇’E 15' 29 ・3乙954 " N 556 337 0.17 Debr is Slide E33 .4N N。 Sandstone , Schist 
A Vuong formation -

Paleozoic N。 N。
Midd le Subf ，。円nati 。n

582 107 ' 47' 17 .612" E 15 ' 29 ・28.813" N 475 337 0.16 Rotationa l Slide E67 .6N No Schist and g 四iss
附噛m Due fonnat 1on -

Precamb 円an N。 N。
Uoo er Subfonnation 

583 107 ・47' 29 ,623" E 15・29 ・25 .040 " N 729 386 0,18 Debr is Slide N33.36W N。 Sch ist and g 唱団S
Kham Due fonnation -

Precam brian N。 N。
Uooer Subfonnation 

584 107 ・48 ・9.491" E 15 ' 29' 30 .160" N 561 280 0.12 Debr is Slide N38.5W No Schist and gneiss 防団m Due fonnat ion - Precamb ri an N。 N。
Uoo er Subfonnation 

585 107 ・48 ’22,184 " E 15 ・29 ・26.773 " N 155 246 0,04 Rotationa l Slide S48E No Schist and gneiss Kham Due fonnat ion -
Precambrian N。 N。

Uooer Subfonnation 

586 107 ・47' 33 .1 65" E 15' 29・ 3.486" N 539 289 0.12 R。tat 』ona lSlide N79 .36W N。 Schist and gneiss Kham Due fonnat ion - Precambrian N。 N。
Uoo er Subfonnation 

587 107 ' 48 ’41 ,1 32"E 15 ' 29 ’4,446" N 415 213 0,07 Debr is Slide E43 ,69N N。 Schist and g 暗 iss Kham Due fonnat ion - Pr ecambnan N。 N。
Ueee r Subf•。nnation

588 107 ・49 ’19 .676" E 15 ・29' 5.837" N 878 400 0.32 Debr is Slide N2 .18W No Schist and gneiss 
Kham Due fonnat ion -

Precambnan N。 No 
Uooer Subfonnation 

589 107' 48 ・2.814" E 15 ' 28 ・47 .395" N 216 150 0,03 Debr is Sl ide S43 .73E N。 Schist and gn eiss 
Khan 、Due form ation -

Precamb nan N。 No 
Uooer Subformation 

590 107' 46 ・31 .833" E 15 ・28 ・19 .996" N 652 278 0.15 Debr is Slide W56 .51S N。 Sandst 。ne .Schist 
A Vuongfom 袖 ti。n - Pale 。z。ic N。 N。
Midd le Subf ，。円nati 。n

591 107' 46 ' 40.979" E 15' 28 ' 9.582" N 517 664 0.27 Rotationa l Slide W17.2S N。 Sandst 。ne ,Schist 
A Vuong format ion -

Pale 。z。ic N。 N。
Midd le Subfonnati 。n

592 107 ・47 ・2.586 " E 15 ・28 ・24.49 1" N 460 229 0,08 Debr is Slide E1.33N N。 Sandstone , Schist A Vuong format ion -
Pa leozo ic No N。

Midd le Subf ，。円nati 。n
593 107' 48 ' 14 .076" E 15 ' 28' 31 .049" N 333 151 0.0 5 Debr is Slide W30 .16S N。 Schist and g 抽出S

Kham Due fo 円nat ion -
Pre can 、bnan N。 N。

Uoo er Subforma tion 

594 107' 48 ・46 ,747" E 15 ・28 ・20.582 " N 457 266 0,10 Debr is Slide W30.16S No Sch ist and gne iss Kham Due fonnat ion -
Precambrian No N。

Uooer Subfonnation 

595 107 ・49' 9.197" E 15 ' 28 ’13 .427" N 556 372 0.18 Rotat 』ona lSlide S35 .59E No Schist and cneiss Kham Due fonnat ion - Precambrian N。 No 
Uooer Subfonnation 

596 107 ' 47' 44 ,310" E 15 ' 27 ・46.966 " N 126 124 0,01 Rotationa l Slide N21 .42W N。 Sch ist and g 噛 iss Kham Due fonnat ion - Precamb 円an N。 N。
Uoo er Subf•。πnation

597 107 ' 47' 36 .992" E 15・27 ・43 .422" N 98 70 O.Ql R。tationa lSlide N50 .39W N。 Schist and g 晴 iss
Kham Due fonnat ion -

Precambrian N。 No 
Uoo er Subfonnation 

598 107' 50 ・3.797" E 15' 27 ・36 .7 38" N 320 287 0,08 Debr is Slide N1 .1W Yes Sch ist and gne iss 
向、am Due f。円明at 1。n -

Precamb nan N。 N。
Uooer Subformation 

599 107 ' 49 ・54 .665" E 15 ' 27 ・25 .929" N 465 219 0.D9 Debr is Slide W1 .94S Yes Schist and g 四iss
附国m Due fonn ation -

Precam bri an N。 N。
Uooer Subfonnation 

600 107 ' 52 ・8.593 ”E 15 ' 27 ・42.390" N 538 303 0,16 Rotationa l Slide W8S N。 Sch ist and g、eiss Kha m Due fonnat 1on - Pr ecamb nan N。 N。
Uooer Subfonnation 

601 107' 52 ・2.714 " E 15 ' 27 ・31.805 " N 251 307 0,07 Rotationa l Slide E23 .2N N。 Schist and g 唱団S
Kham Due fonnat ion -

Precam brian N。 N。
Uooer Subfonnation 

602 107 ' 48 ' 37 .1 61" E 15 ' 27' 5.558" N 148 140 0.02 R。tationa lSlide W78.44S Yes Schist and g 晴 iss
Kham Due fonnat 1on -

Precambnan N。 N。
Uoo er Subfonnation 

603 107' 48 ・44 ,806 " E 15' 26 ・58.66 1" N 271 282 0,07 Rotationa l Slide N84 .43W Yes Schist and gneiss Kham Due fonn ation -
Precam bri an N。 N。

Uooer Subfonnation 

604 107 ・48 ’44 .1 45" E 15 ' 26 ’47 .316" N 264 382 0.0 9 Rotationa l Slide W5 .4 9S Yes Schist and gne is s 
附唱m Due fonnati 。n -

Precambrian N。 N。
Uoo er Subfonnation 

605 107' 47' 18 , 116 " E 15 ' 27 ’5,744" N 250 15 1 0,03 Debr is Slide S27 .2E N。 Bio tit schist , Bi 。tit gneiss 
問、am Due fo 円旬、at 1on -

Precamb 円an N。 N。
M idd le Subf，。円nati 。n
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606 107 ・47 ・4.8 75 ”E 15• 27 ・7.43r N 280 171 0,04 Debris Slide W83 .19S N。 Bi 。tit schist. Bi 。tit gneiss 
Kham Due fonnat ion -

Precam brian N。 No 
Midd le Subf ，。円nation

607 107 ° 46 ' 25 .417" E 15 ' 26' 58.486" N 718 255 0.16 Deb ris Slide W64 .09S N。 B，。＇tit schist. Biotit gneiss 
Kham Due fonnat 1。n -

Precambnan N。 N。
Midd le Subf ，。聞、ati on 

608 107' 46 ・33 ,442" E 15' 26 ・51.471" N 283 109 0,02 Deb ris Slide W5 九99$ N。 Biotit sch ist , Biotit gn eiss 
的、am Due fonnation -

Precambnan N。 No Midd le Subf ，。nnation

609 107 ・45 ’12 .983" E 15 ・26 ・34.422" N 234 184 0.04 Rotationa l Slide W75 .96S Yes Biotit schist, Biotit gneiss 
問、am Due fonnat 1on -

Precambnan N。 No 
Midd le Subf ，。円nation

610 107' 45 ’18 ,646" E 15' 26 ・35 .056" N 363 117 0,04 Deb ris Slide W75 .96S Yes B，。tit schist. Bi 。tit gneiss 
問、am Due fonnat 1。n -

Precambnan N。 N。
Midd le Subf ，。問、ati on 

611 101・ 45 ’22 .816" E 15' 26 ・35 .836 " N 384 92 0.04 Debr is Slid e W68.01S Yes Biotit schist. Biot 』t gneiss 
附、am Duo fonnat 1on -

Preoam bnan N。 N。
Midd le Subf ，。円nati 。n

612 107' 46 ・41.006" E 15 ' 26 ・39 .143" N 245 285 0.07 Deb ris Slide W13 .74S No B，。tit schist, Biotit gneiss 
附噛m Due fonnat 1on -

Precamb 円an N。 N。
Midd le Subf ，。門別ati on 

613 107 ・41' 11 ,479" E 15 ・26 ’4乙531 " N 1087 517 0,45 Debr is Slide S75 .2E Yes Biotit schist, Biotit gn eiss Kha m Duo fonnat ion -
Precam brian N。 Yes 

Midd le Subf ，。円nation

614 107 ・51 ・8.280" E 15 ' 26' 23 . 733" N 395 234 0.07 R。tat 』ona lSlide S2 .08E Yes Schist and gne iss 防団m Due fonnat ion - Precambrian Yes N。
Ucc er Subfonnation 

615 107 ・51' 17 ,580" E 15 ・26 ・23 .274 " N 301 230 0,06 Rotationa l Slide S15 .59E Yes Schist and gneiss Kham Due fonnat ion -
Precam brian Yes N。

Uccer Subfonnation 

616 107 ・51 ・29 .930" E 15' 26 ’28.527" N 493 283 0.12 R。tat 』ona lSlide W87 .18S Yes Sch ist and gne iss Kham Due fonnat ion - Precambrian Yes N。
Uccer Subfonnation 

617 107' 51・39 ,571" E 15' 26 ・21 .280 " N 602 388 0,18 Rotationa l Slide W8 9.09S Yes Sch ist and g 噌 iss Kha m Due fonnat ion - Precam bnan Yes N。
Ueeer Subf•。nnation

618 107 ・51 ・50.o78" E 15 ・26 ・2乙.063" N 526 283 0.11 Rotationa l Slide W79 .61S Yes Schist and g 祖国S
Kham Due fonnat ion -

Precambnan Yes No 
Uccer Subfonnation 

619 107' 51 ・48 ,938" E 15' 26 ’9,706" N 390 34 5 0,11 Rotationa l Slide N20.66W Yes Schist and gne iss 
Khan 、Due format io n -

Precamb nan Yes No 
Uccer Subformation 

620 101・ 49 ’28 .020" E 1s・ 2a ’6.629" N 783 836 0.46 Rotationa l Slide N24.06W Yes Gneissouan ite Chu Lai comc lex Precambrian N。 No 

621 107 ・48 ’9.491" E 1s・ 25・ 2.a2r N 232 95 0.0 2 Deb ris Slide W76 .46S N。 Sch ist and gne iss Kham Due fonnat ion - Precambrian Yes N。
Ucc er Subfonnation 

622 107' 48 ・6.658" E 15' 25・56 .485" N 185 349 0,05 Deb ris Slide S41 .82E N。 Sch ist and g 噌 iss
Kham Due fo 円前at ion -

Precam bnan Yes N。
Uc cer Subf•。πnation

623 107 " 47' 42 .1 73" E 15 ・25 ・49 .820" N 136 93 O.Ql R。旬tiona lSlide E4 刈 N N。 Basa lt Da i N回 formation Quaternarv N。 N。
624 107° 4 7' 44.905" E 15' 25' 47 .097" N 141 107 O.Ql Rotationa l Slide S80 .54E N。 Basalt Dai N臼 formation Quater 崎町 N。 N。
625 107' 47' 35 .904" E 15• 25 ・39 .416" N 444 533 0,21 Rotationa l Slide S24 .62E Yes Basalt Dai N曲 formation Quaternarv N。 N。
626 107" 41' 23.,090" E 15 ・25 ・33.705 " N 397 415 0,17 Rotationa l Slide S22.52E Yes Basalt Da i Nl!a f町『na tion Quater 問問 N。 N。
627 107" 47 ' 16 .1 49" E 15 ・25 ・28.115" N 339 122 0.04 Rotationa l Slide S51 .47E Yes Basalt Da i N四 formation Quaternarv N。 N。
628 107 ・47' 3.712" E 15• 25 ’25 .911" N 115 159 0.0 2 Rotationa l Slide W21 .8S No Biotit schist. Biotit &neiss Kham Due fonnation - Precambrian Yes No 

Midd le Subfonnation 

629 107' 47' 11 .115" E 15' 25・20.3 63" N 255 154 0,03 Rotationa l Slide S17 .65E Yes Biotit schist. Biotit gneiss Kham Due fonnat ion - Precamb 円an N。 N。
M idd le Subf ，。円nation

630 107 ・48 ・3.579" E 15 ・25 ・4乙128" N 203 267 0.05 Rotationa l Slide N20 .7W Yes Basa lt Da i N回 formation Quaternarv N。 N。
631 107° 47 ・48 .1 69" E 15 ' 25' 34 .332" N 478 763 0.27 Rotat 』ona lSlide N17 .86W Yes Basalt Da i N闘 formation Quater 崎町 N。 N。
632 107' 47' 32.088" E 15' 25 ’2九772" N 330 224 0,06 R。tationa lSlide N21 .14W Yes Basalt Da i Nira formati 。n Q同＇ter陥刊 N。 N。
633 107" 47' 25.009" E 15・ 25・23. 520" N 420 298 0,11 Rotationa l Slide N56 .6W Yes Basalt Dai Nl!a fo円na tion Quater 同開 N。 N。
634 107 " 47 ' 21.435" E 15• 25 ・1九152" N 330 152 0.04 Rotationa l Slide N74.52W Yes Basalt Da i N四 formation Quaternarv N。 No 
635 107 ・47' 22.020" E 15 ・25 ’8.915" N 375 255 0.08 Rotationa l Slide W22.91S Yes Basalt Da i N回 formation Quater 崎町 N。 N。
636 107' 47 ・37 .456" E 15• 25 ’4,680" N 297 501 0,15 Rotationa l Slid e W 84 .35S Yes Basalt Da i N四 formation Quat ・r陥刊 N。 N。
637 107' 47' 46.591 " E 15' 24 ・51.522" N 384 340 0,09 Rotationa l Slide W0 ,68S Yes Basalt Da i N白 formation Q同ter 陥内 N。 N。
638 107 ・47' 37.858" E 15 ・24 ・44.175 " N 2230 272 0,0 6 Rotationa l Slide N34 .99W Yes Basalt Da i N回 formation Quaternarv No N。
639 107 ・46 ・25 .620" E 15 ・24 ’54.144" N 307 168 0.05 Debris Slide N21 .8W Yes Basa lt Da i N回 formati 。n Quaternarv N。 No 

640 107' 45’15.372" E 15' 24 ・5乙721" N 430 308 0.11 R。tationa lSlide N37 .9W N。 Sch ist and g 晴 iss
Kha m Due fonnat 1on -

Precambnan N。 N。
Ucc er Subformation 

641 101・ 45 ’37 ,881 " E 15' 24 ・16 .911" N 318 206 0,06 Deb ris Slid e W72 ,3S N。 Sch ist and gneiss Kha m Due fonnat ion -
Precam brian N。 N。

Uccer Subformation 
642 107 ・46 ’45 .408" E 15 ・24 ’30 .428" N 205 121 0.02 Debr is Slide W14 .93S N。 Basalt Dai N回 format ion Quat ・r崎町 N。 No 
643 107' 47・8.140" E 15' 24 ・26 .120" N 175 162 0,02 Deb ris Slide S7 4. 58E Yes Basalt Da i N回 formati 。n Quat ・rnarv N。 N。
644 101・ 47' 14ρ94 " E 15' 24 ・28.878 " N 16 8 244 0,04 Rotationa l Slide N58.74W Yes Basalt Da i N白 formation Quater 陥内 N。 N。
645 107 ・46 ’52 .1 40" E 15' 24 ' 1九.444" N 316 218 0.06 R。tationa lSlide S30.87E Yes Basalt Da i N自 formation Q 幽 ter 崎町 No N。
646 107 ・46 ・53 .613" E 15 ・24 ’10 .429" N 302 415 0.10 Ro旬tiona lSlide N35 .6W Yes Basa lt Da i N回 format ion Quaternarv N。 N。
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647 107° 46 ・50 ,569" E 15° 23 ・51 .359 ”N 299 360 0,11 Rotationa l Slide N66.95W Yes Basalt Dai N回 for ma ti 。n Quater 崎町 N。 No 
648 107 ・46 ・49 .191# E 15 ° 23 ・41 .881" N 350 295 0.10 Rotationa l Slide N79 .15W Yes Basalt Dai N四 formation Quaternarv N。 N。
649 107° 45 ’16.888 ＇’E 15 ' 23 ・38.744" N 249 172 0.04 Rotat 』。na lSlide E80 .75N N。 Granite 

Ha1Van c。mp lex - Phase 
Mesozoic Ye s N。

650 107' 48 ・49 .935" E 15' 25 ・29 .065" N 337 255 0,08 Rotationa l Slide E77 ,22N Yes Biotit sch ist, Biotit gneiss 
的、am Due formation -

Precambnan N。 No 
Midd le Subf ，。rmation

651 107 ・49 ・15 .959" E 15 ・25 ・35.241" N 364 205 0.06 Rotationa l Slide W13 .35S Yes Biotit schist, Biotit gneiss 
問、am Due formation -

Precambnan N。 No 
Midd le Subf ，。円nation

652 107' 49 ’14 ,627" E 15' 25 ・29 .582" N 198 200 0,03 Rotationa l Slide W5S Yes B，。tit schist, Bi 。tit gneiss 
問、am Due format 1。n -

Precambnan N。 N。
Midd le Subf ，。問、ati on 

653 107 ・51 ・47 .161" E 15 ・25 ・35 .014" N 348 213 0.o7 Rotationa l Slide E72 .86N N。 Gneiss 。町anite Chu Lai c。mo lex Precambnan N。 N。
654 107 ・51 ・59 .482 ”E 15 ・25 ・37.195" N 2.06 188 0.04 R。tationa lSlide E52 .3N Yes Gneiss 。uanite Chu Lai como lex Precambnan N。 N。
655 107' 52' 5.,047" E 15' 25 ・28.011" N 634 407 0.24 R。tationa lSlide E66 .8N Yes Gneissouan1 te Chu Lai como lex Precambnan N。 N。
656 107' 52 ・16.510" E 15' 25 ・44.728" N 358 159 0,05 R。tationa lSlide N39 .29W N。 Gneissouanite Chu Lai como lex Precambnan N。 N。
657 107° 52 ・28.508 E 15 25 ’23.244 N 335 201 0,06 Rotationa l Slide N57 .01W No Gne isso 区anite Chu Lai come lex Precambrian N。 No 
658 107 ・52 ’25.844" E 15 ・25 ・14.828" N 210 287 o.os Rotationa l Slide W7 九32$ Yes Gneiss 。o:ranite Chu Lai como lex Precambnan N。 N。
659 107 ・51 ’48.878" E 15' 25 ・16 .267 ”N 780 353 0.22 Debris Slide E86 .75N N。 Gne iss 。町・an ite Chu Lai como lex Precambrian N。 N。
660 107' 51 ・41.315" E 15' 25 ・18.887" N 742 321 0,22 Debris Slide E39N N。 Gneiss 。.： ramte Chu Lai como lex Precamb nan N。 N。
661 107 ・52 ・33 .713" E 15 ・25 ’5.458" N 370 230 0,08 Rotationa l Slide N33.15W Yes Gne is so2rani te Chu Lai c。mo lex Precambrian N。 N。
662 107 ・52 ’25.202" E 15 ・25 ・3.023" N 783 336 0.25 Rotationa l Slide N0.6W Yes Gneiss 。uanite Chu Lai c。mo lex Precambrian N。 N。
663 107 ・51 ・12 .635" E 15' 25 ・6.262" N 565 206 0.10 Debris Slide W32 .88S N。 Gneiss 。uanite Chu Lai como lex Precambrian N。 N。
664 107' 50 ' 57.695" E 15' 24 ・59 .685" N 733 189 0.18 Debris Slid e E47 .86N N。 Gn eiss 。uan 1te Chu Lai como lex Precambnan N。 N。
665 107' 51 ・24.609" E 15' 24 ・5仏977 " N 585 224 0,12 Debr is Slid e W5 ,55S No Gne isso 町ani te Chu Lai c。mo lex Precamb 円an N。 N。
666 107 ・51 ・31 .776" E 15 ・24 ・19 .368 " N 743 678 0,12 Rotationa l Slide S68.71E N。 Biotit schist, Biotit gneiss 

Kham Due format ion -
Precambrian N。 N。

M idd le Subfo 円nation
667 107" 49 ' 55 . 763" E 15• 25 ’3.280" N 750 282 0.19 Debr is Slide W53 .28S N。 Biotit schist ，日i。t』t gneiss Kham Due f。円nation -

Precarr 、b円an N。 N。
Midd le Subformation 

668 107 ・49 ・27 ,423" E 15 ・24 ・59 .271 " N 518 650 0,24 Rotationa l Slide W25 .94S Yes Biotit schist, Bi 。tit gneiss 
Kham Due formation -

Precambrian No N。
Midd le Subf ，。rmation

669 107 ・49 '32 .643" E 15 ' 24 ’44 .348" N 230 185 0.03 R。tat 』ona lSlide N77.56W Yes Bi 。tit schist. Bi 。tit &neiss 
Kham Due formation -

Precambrian N。 N。
M idd le Subformation 

670 107' 49 ’33 ,886" E 15° 24 ・39 .195" N 295 203 0,05 Rotationa l Slide N87 .32W Yes Bio tit schist, Bi 。tit gneiss 
Kham Due fo 円前ation -

Precambnan N。 N。
M idd le Subf ，。rmation

671 107• 49 ’42 .700" E 15 ・24 ・41 .683" N 333 194 0.04 R。祖tiona lSlide W8 .97S N。 Biotit schist, Bi 。tit gneiss 
Kham Due format ion -

Precambnan N。 N。
Midd le Subf ，。円nation

672 107' 49 ’42 ,502" E 15' 24 ・29 .984" N 461 333 0,14 Rotationa l Slide W43 .34S Yes Bio tit schist, Biotit gneiss 
問、am Due format ion -

Precamb nan N。 No 
M idd le Subformation 

673 107 ・50 ・8.296 ”E 15° 24 ’5.583" N 832 837 0.62 Rotationa l Slide W38.78S Yes Biotit schist, Biotit gneiss 
附、am Due formation -

Precambrian N。 N。
Midd le Subf ，。円nati 。n

674 107' 50 ・8.444 ”E 15 ' 24 ・20 .820" N 193 206 0,03 Rotationa l Slide W40 .49S N。 Biotit schist. Bi 。tit gneiss 
Kham Due format ion -

Pr ecamb nan N。 N。
M idd le Subf ，。rmation

675 107° 50 ・20 ,665" E 15° 24 ・20.369 " N 156 250 0,08 Rotationa l Slide S59 .98E No Sch ist and g 唱団S
Kham Due format ion -

Precambrian No N。
Uooer Subformation 

676 107" 49 ' 22 .754" E 15 ' 24 ・2乙018" N 743 678 0.49 R。tationa lSlide S68 .71E Yes B，。tit schist, Biotit gneiss 
Kham Due f。円前at 1。n -

Precarr 、bnan N。 N。
M idd le Subf ，。円nati 。n

677 107° 50 ・14 ,470" E 15° 23 ’1,444" N 262 276 0,07 Rotationa l Slide E90N No Bio tit schist, Biotit gneiss 
Kham Due format ion -

Precarr 、bnan N。 N。
Midd le Subf ，。rmation

678 107 ・50 ’7.817" E 15 ' 22 ’5乙318" N 352 615 0.17 Rotationa l Slide W6 .52S Yes Bi 。tit schist, Biotit &neiss 
Kham Due formation -

Precambrian N。 N。
M idd le Subf ，。rmation

679 107' 50 ’32 ,735" E 15° 22 ・41 .944 " N 332 240 0,07 Rotationa l Slide N85.49W N。 Bio tit schist , Bi 。tit gneiss 
Kham Due format ion -

Precambnan N。 N。
M idd le Subf ，。rmation

680 107 ° 50 ’50 .934" E 15 ・22 ・29 .355" N 333 248 0,07 R。tationa lSlide W30 .36S N。 B，。tit schist, Bi 。tit gneiss 
Kham Due formation -

Precambrian N。 N。
Midd le Subf ，。円nation

681 107' 52 ’19 ,188"E 15 ° 22 ・46 .934" N 279 179 0,04 R。tationa lSlide N80W N。 B，。tit schist, Bi 。tit gneiss 
問、am Due fon 旬、at 1。n -

Precamb nan N。 N。
Midd le Subformation 

682 107° 52 ’44 .221" E 15 ° 39 ’9.538" N 361 295 0.09 Debr is Slide N26W N。 Cong ，。merate, sandst 。ne,
Ban C。f。rma tion Mesoz 。，c N。 N。

引Its to 附

683 107 ・52 ’51 .666" E 15' 39 ・18.890" N 376 208 0,08 Debr is Slide N31W N。 Cong ，。m era te. sandstone. 
Ban c。format ion Mesozoic N。 N。

S I舵st 。ne
684 107 ・53' 22.407" E 15' 39' 2仏.452 " N 787 297 0.20 Debris Slide N2W N。 c。ngl 。merate .sandst 。ne ,
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