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What is a Mass Movement @

IMASSIVI@VAEVAEINI] MASS WASTINE
downward moevemeRii o mess more generaliiermineluding

<-slope failure <-deforestation
<-collapse ofi struciure lbeneain <-soll erosion

IRUESS
o159 2 ) efelnplelelsis A\ eielr
<-25 fataliiies/year

compared 16 edNGUEKES NG VEICENGES:

NUGE GNINNOPOUENIC COMPORERINNCUEHR

- building on unsiable ground despiie Pelieriniernmaiion
- actually friggering mass movemenis: (af all'scales)
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C|GSSICO| Iv\oss Iv\ovemenTs = Hong Kong

Hong Kong [ NATURAL:
<-climare
(HK: humid/sub=tropicali ypheons) i
<-elevation

HUMAINE
S-UrbanidevelepmeEn
<S-PoPUIEeRIRIESSUIE
<-bulldinginiunsicaBle
envirenment
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NATURAL
<-climate

71 (HK: humid/sub-fropicalityphoons) i
<-elevation

= U MIAINE
, 5 Fekr\ | - Uroan GEVEISIIERT
Hong Kong 2 ‘ B | - PopUlalionieressure

Stacked Apartments (ECECE ‘ L S S-buildingintURstale
in Quarry Bay i & \ 2 =
source: wikipedia [
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Understanding Mass Movemenis= YUngay:

SITMay 1970 Yungay, Peru ; NATUI-QAL:.

“NevadoerHuascaran > 6,400 m ol
*ics cap

*Mw. 7.7 EQ friggered <elevation =
debris/mudflow. <-plate fectonics/EQS

* 18,000 fatalities
*recurring hazard (1962: 4,000)!!

HIUMAINE
<-bulldinginRiunsicpe
environment

r e e * o e
SIO15 2024: Topic 11 - Landslides, Mass Movements ?

Understanding Mass Mevemenis

22 Sepiemlioer 2013 NN
“Hurricane Ingrid/Gulf of Mexico +climate
“Hurricane Manuel/East Pacific
*mudslides in Guerrero

-> more than 190 fatalities

heavy rain from'huricane

source: CNN
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Z L W il eiralinie)in) reinnieiis eirsiels
Hurricane Manuel hits Mexico Stourism inl Acapulcoiaffected
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Mass Movemenis 2014: the Osovlv\udslide

3/22/14
' » highway 530 near Arlington, WA
* 43 fatalities (8 initially reported)
» deadliest US slide in > decade
sy © ‘complefely unforeseen”

A NATURAL:
<-solllsaturaiion afierheavyrain
<-reactivation ofieldislicde

.| *-areaof multiple past slides

HUMANE
e olUjilelinlefie)pl Uinlsiielells) ejreltnle
<-carelesslogaing

SIO15 2024: Topic 11 - Landslides, Mass Movements . <ignorance/disregard ofhezeres

HUMAINE
e olUjllelinlefie)pl Uinlsiielells) ejreltnle
<-carelessilogging
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Mass Moveme

B I Q 4

cience for a changing world |

Mass Movements 2014: the ©so Mudslide
B O Rl = L) 377

d
o
;




9 Jan, 2018 — Monfeciio/Sania Baroara

second-deadliest: US mass movement

in modern times

12/4 2017 = 1/12/2018 Thomas fire

282,000 acres burned (largest in modern

Calli history, until Aug 2018)

21 fatalities from mudflow Jan 2018
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Recent Deadly Mass Moevemenis

Date Name ¥ Fatalities Comment

30 Jul 2024 Wayanad Kerala, India 443+
24 May 2024 Enga, Papua N.G.

6 Feb 2024 Maco, Philippines

22 Jan 2024 Langshui, China

20 Nov 2023 Wrangell, AX

16 Dec 2022 Batang Kali, Malaysia

26 Nov 2022  Ischia, Italy

23 Nov 2022  Palmeira de Faro, Portugal 2
290ct 2022  Maguindanao, Philippines 63

30 Jun 2022 Manipur, India 58

15 Feb 2022  Petropolis, Brazil 3
3Jul 2021 Atami, Japan 27

30 Dec 2020  Gjerdrum, Norway 10

7 Aug 2020 Pettimudi, Kerala, India 66+

2 Jul 2020 Hpakant jade mine, Myanmar 175+
4-23 Dec 2019 Cibitoke, Burundi a1+

9 Aug 2019 Mottama, Myanmar 70
28Jul2019  Hpakant jade mine, Myanmar 14
22 Apr2019  Hpakant jade mine, Myanmar 57
22 Dec 2018  Anak Krakatau, Indonesia 426
9Jan 2018 Montecito, SoCal 20

14 Aug 2017  Freetown, Sierra Leone 1141+
24 Jun 2017  Xinmo, Sichuan, SW China 10

17 Jun 2017  Karrat Fjord, Greenland 4
12Jun 2017  Bangladesh 152

2 Apr 2017 Mocoa, Colombia 329+
21 Nov 2015 Hpakant jade mine, Myanmar 113
13 Nov 2015  Zhejiang, China 38

multiple slides in Wayanad district
buried 6 villages

after heavy rain

steep clifftop

slide buried a family

unlicensed campsites in high-risk area
after heavy rain

after excavation of unstable rock
Tropical Storm Nalgae

after heavy rain
in “high-risk’ zone

after heavy rain Hpakant:

after heavy rain * 4 out of 28 most deadly
recent landslides

unseasonably heavy rain
torrential rain .
*4in 5 years

tsunami from submarine landslide
heavy rain during Thomas fire
particularly wet rainy season
after rainy season

from tsunami, locally 90-100m tall
worst in country’s history
weather-related

man-made waste pile collapsed
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source: Wikipedia
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07/02/20 — Jade Mine Myanmar;

4 Kachin

{ Hpakant State
Where the

“| mine is located

INDIA

~ MYANMAR
Naypygaw

THAILAND
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07/02/20 — Jade Mine Myanmar;

https://www.bbc.com/news/av/world-asia-
5326084 1/myanmar-jade-mine-landslide-
captured-on-video

Google jade mine disasier

SIO15 2024: Topic 11 - Landslides, Mass Movements




07/02/20 — Jade Iv\me Iv\ycmmor '

<> 162 dead([75#F as o 2024)

<-True tollllikely:Unknewn
Source: BBC, NPR, Aljazeera <>Heovy rain

SIO15 2024: Topic 11 - Landslides, Mass Movements ~Unstable wasie plle COHOpSGd

07/02/20 — che Iv\me Iv\yonmor

“one of the Worst accidents 1o hit
the treacherous industry’

> Billion-dellarindusiny.
»reckless, irresponsikler mining
Source: BBC, NPR, Aliazeera ~Large-scale; illegal
— ' >poor ‘freelance’ miners
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Deforestation and Mass Wasting

MADAGASCAR 2 NATURAL:
; <-climaie
<-tropicallrainferest
has poor soil

HUMAINE
-deforesiation

Tropical Rainforest
particularly problematic
padlands Tropical Soil:
e thin humus layer
- « fast decay
SIO15 2024: Topic 11 - Landslides, Mass Movements « soil fakes long time to form

Mass Movemenis in the U.S.

LANDSLIDE OVERVIEW MAP OF THE CONTERMINOUS UNITED STATES
U.S. GEOLOGICAL SURVEY, 1982

Precitaton (i)

oy
0-10 M 40-60
Hmﬁb = 1020 [ 60-100
(Precipitationvaries  (Precipitationvaries I 20-30 [ >100
from 1610 400in)  from 300 210in) . 300 Landslide Incidence
1 low(<15% o
1 moderaie (1.
B high (> 15% of area
Landslide Susceptibilityncidence
RS bt lowincence
e

Puerto Rico

Qreas of Nighprecipiaon
Qreas of sieep slopes
areas of Nigh runof:

large, meandering rivers
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Types of Mass Movements: (e.g. USGS)

USGS Fig. 8.18
many. different
categories

Block slide
Classification mayincludes:
> Which materal
> how muchiwaierisinvelved
- how @ maiernal moyves
speed of mevement;
TYpE ofi environment;

Debris avalanche

Lateral spread
SIO15 2024: Topic 11 - Landslides, Mass Movements

100 slow ieowaichiuitiellialesigns House with Curving
<tifled poles, fENCES), gravesiones sagging foundation g oo trunk
<-cracked walls .

-lbent free frunks

<{-covered roadsides

Tilted gravestones

SIO15 2024: Topic 11 - Landslides, Mass Movements

10



10/21/24

Types of Mass Movements

SLIBDES SEUMES

all'sizes, speedsiaiimmycdayieim/min all'sizes, speeds aiimmy/dayieim/min
moVves dewn slepe aswhole rotaies inplace dswhe|e

franslational rofational
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Basic Features of Slope Faillre

‘ v

The Features of a Slump

Top: hedd scarnp/icar-away Zone
potiom: ioe/plle-Up zene
glide horizon/surface o Weakness

middle: fransverse cracks

SIO15 2024: Topic 11 - Landslides, Mass Movements Mt. Soledad, Oct 13, 07
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see Chapter 2 The RO|e Of GI’CIVi'I'y short video 8a

<-pullloigraviiy: downslope =>Ed GLIDE HORIZON
< resistance force due fo friction = Fr. | sUface beiween ,
unstable mass and'selid groune

NATURAILE
earnguUakes |eGWerRErn

HIUMAINE
<SFVIRIATORS
<-ReaVy Iraiific

ravitational Horce, F,

SR> Fel 2= nniefss Siels el € NAB)EN]
<Fr < Ed ->mass slidesiadown verfical/hoerizenial
(dz/dx)
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The Angle of Repose

<-maximum angle apile’caniretadin withouirdiSinie graiing
<-depends on grain properies (size, roundness, cohesion)

Fine sand

Coarse sand

Sunset Crater, AZ (cinder cone)

source: volcano.und.edu

Angular pebbles

WATER

<-a litfle: adds conesion, may iNcrease Angle Grrepose (sand castie)
<-a |of: reduces friction, accelerates eresion

SIO15 2024: Topic 11 - Landslides, Mass Movements
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The Role of Waier

<-pulllef graviiy;deownsiope=>£d
<-resistance ferce due 1o fhietion => Ef:

The Role of Water

\ \ NATURALE @R
<A @S MESS
Gl , % o S reduces Mclons
"Zop n

9
increase of weight increases
the downslope force Fd

HUMVAIN

cltriejelrien]

SHAlinG PIPES
ice plants are leaky poeols
good and bad!

lubrication of glide horizon
decreases resistance force Fr
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The Role of Groundwater

groundwater

rise of groundwater table above
glide horizon lubricates it;
decreases resistance force Fr

: ejelel NATURAL
water table water table albove longirain
glide horizon glide horizon fectonic' ch@NGES

FIUNMUANE
EXCESSIVEMJETion

SIO15 2024: Topic 11 - Landslides, Mass Movements
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Triggers off Mass Movement

CoNnnbUTing iaciorns

<-preexistinginsiailiiy,

<-plate fECIONIES

<rain

<-rising grounawaier iable

<-earthguakes

<-thawing of frozen ground/large changein i

SIO15 2024: Topic 11 - Landslides, Mass Movements

... and how humans mMess With it

Development and the Angle of Repose

Before:
slope may be close to its
angle of repose

Scejrelelinie)
SSITEETS
S-hEUSING
develepmeni
<-mining
<-dams

<-leaky. warter pIpes

After:
oversteepened slope;
house on unstable ground

Better:
lessen angle of slope
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FIUMAN IMPACT
SrovsSSissosnine
<relelelipie) or) o0
SArennevinie) irorn Sorions)
2 [pifsieff for Sifueiurss
AEVE CRENIEIOW,
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Subsidence — Slow or Sudden Sinking of Surface

e o eproucion or depiay

Source: Abbott “Natural Disasters”

Wint:

> , -~ - -\’\ 1 - collapseinkarsi{limesione) region
k, FLs Mgy 1281 ~ ‘,\ N - carbonaie disselvVesionwalier
‘ - underground caves

- sinkholes

NATURAL @AUSES:
subsurace Weainernng
drought

Karst in Minerve, France
s F R 5

Source: Abbott “Natural Disasters™

Winter Park, FL; My 10, 19Si

s EXCESSITIGEion

2 ielifipie) elleiss

U lSleldlnle) eleiells

-> SUPSUHGCEIWEGTNENNG
-> collapse

Karst in Minerve, France

s e

10/21/24
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Sinkholes - Mining

Undergroundicoal minnegie@=> N6 EraroUNE CaVIIES=SINKEGIES

Fig. 34. Aeriol view of
subsidence pits obove an
obondoned underground
coal mine in the Powd :
River Basin of Colorodo®
Collopse is occurring
obove “rooms” in the
mine where cool wos
removed. Areas that hove 3
not collopsed ore cbove
the pillors of coal the
miners left fo provide
support. Note the dirt

rood for scole

source: Holzer “Living with Unstable Ground”

Local Sinkholes

Point Loma, San Diego; 19 Oct 2005 Genessee Ave near UCSD; 06 Oct 2011

> Tailing Underground waterinfrasiiueciure

> .Sl 10-307 waterunacecounted for
(With 80% in cities)

> Who pays fer repairse

14 Sep 2017: 20-ft deep; I-8

855 62° cesacom

SIO15 2024: Topic 11 - Landslides, Mass Movements
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Central Valley, CA

Neln) Jejele|Uin) Vellls)y
»SsUSIdERCE Ol GroUREHSS I
> drop o groundwaier oy 1970
: > :
e sss witnielrerwell for
“ielfpniinie
> Gl

About 350 miles (560 km) acrd

Las Vegas
»>since 1935, sulbsidence by,

! severalm
) ments

Subsidence

COMPACTeN Of SEdimeEnRTs
<-New Orleans sunk 3iminilast 505rs
<-45% lbelow: sea level

RIUMANE AU =S

5 EXGESS WiTthArawWael NGl WEier)

o dredging andicandlsiereVeni;
nafural supply 6of SEAIMERIS

Delta subsidence in last 20,000 years

SIO15 2024: Topic 11 - Landslides, Mass Movements
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Excess water withdrawal'=1 O/24/1 6 Newspoper

SAN DIEGO COUNTY

Plan to solve Borrego’s
water crisis beginning

BORREGO SPRINGS

San Diego County is expected this week to ente
agreement with the Borrego Water District to be
preparation of a Groundwater Sustainability Plaiia
at solving the depletion of the underground water table

that feeds the Borrego Valley, including Borrego Springs.

The county will commit an initial $500,000 to the agree-
ment and $700,000 later as work proceeds on the plan,
which is needed to avoid state intervention.

The problem is that Borrego Springs has no feasible
way to import water. It relies completely on the under-
ground aquifer that on average is replenished by nature
each year to the tune of about 1.8 billion gallons. The
amountofwaterpumpedoutofthesquﬂaeachyearhfar

nortnem part. of t.he valley where cltma and pnlm lhnm
consume 70 to 80 percent of underground water. No matter
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replenish: 1.8 B gallons
withdrawal: 6.1 B gallons

north part:

70-80% for citrus and
palm farms
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