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The October 2019 Series of Earthquakes in

DOST-PHIVOLCS

In October 2019, a series of strong shallow earthquakes struck the province of Cotabato and vicinity.
These earthquakes occurred on October 16, 7:37 PM Philippine Standard Time (PST) at magnitude 6.3, on
October 29, 9:04 AM and 10:42 AM at magnitudes 6.6 and 6.1, respectively, and on October 31, 9:11 AM
at magnitude 6.5. The depths of these earthquakes range from 7 to 9 km. Initial information on the
hypocenters of the earthquakes and their focal mechanism solutions suggest that they are generated by
the Cotabato Fault System, a system of strike-slip faults transecting the provinces of Cotabato, Davao del
Sur, Maguindanao, Sarangani, South Cotabato, and Sultan Kudarat. Due to the quick succession of these
events, damages to structures were severe and widespread. Geologic impacts, especially landslides, were
also numerous.

The DOST-PHIVOLCS Q Team (QRT) 18 October 2019 and 30
October 2019 to: 1) conduct earthquake information dissemination and education for local government

Cotabato and Vicinity

Summary

‘evacuation/relocation sites in terms of earthquake hazards. Based on field investigations, the geologic
impacts included numerous tension cracks and earthquake-induced landslides, especially mear the
epicentral region in Makilala, Kidapawan City, and Tulunan in Cotabato; and in Magsaysay and Bansalan in
Davao del Sur. Liguefaction was manifested by lateral spreading, sandboils, sandblows, road buckling.
ground undulation, and subsidence in low-lying and water-saturated areas of Mlang. Kabacan, Pikit,
Tulunan, Makilala, and Magpet in Cotabato; Hagonoy, Magsaysay, Matanao, Digos City, Malalag, and
Padada in Davao del Sur; and Pagagawan, Maguindanao. Moreover, locations of landslides and severe
damage to structures after the October 31 M6.5 earthquake follow a northeast-trend and are
concentrated on the central portion of Makilala and eastern portion of Kidapawan City, Cotabato where,
based on the PHIVOLCS Earthquake Intensity Scale (PEIS). Intensity VIIl (Very Destructive) was observed.
Other damage to structures and other geologic impacts (es. liquefaction and tension cracks) were
observed in areas where the intensity was either PEIS VII (Destructive) or PEIS VI (Strong). Poor
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units (LGUs) and locals in the affected areas; 2) conduct field surveys to determine the and the use of ials were the major contributing factors to the
geologic impacts and effect y seismic stations for continuous aftershocks  damages.
monitoring; and 4) assist the LGUS, together with the Mines and Geosclences Bureau, in assessing selected
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Public Engagements

DOST-PHIVOLCS QRT

the people and allay their fears.

Recommendations

* Incase of another felt earthquake, do the MlDrw Cw-rmdl'lvld

conducted Information - m b\-"ﬁr:sm y engineers after the last event (M6.5) and should not be used
dissemination activities to , g
explain the earthquake event to ::f‘;r;“askme;rbm tension cr'xks.‘h’aiunducl pre-emptive evacuation, and be watchful of possible landslides triggered by

Interviews with the media, as
‘well a5 briefings with LGUs and

Strengthen

practice and use of standard construction materials.

l'(tconsmnaion or construction af houses. aﬂd bulldlr-s should conform with the National Building Code of the Philippines.

private companies, were also
conducted to provide updates
and discuss recommendations + Nationa!

National Structural Codes of the Philippines.
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monitoring of building constructic Ms.

based on the team'’s findings.

agencies should provide psychosocial support
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The DINSAR map
shows pattern of
asymmetric fringes
with a discontinuity
oriented NW-SE

which could possibly
Indicate the surface

expression of the

causative fault of the

16 October 2019

earthquake event. A
net displacement of
approximately 12 cm

IS observed.
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The Line Of Sight
(LOS) map shows a
discontinuity oriented
NW-SE which could
possibly indicate the
surface expression
of the causative fault
of the 16 October
2019 earthquake
event. A LOS
displacement of
approximately 12 cm
IS observed. The
blue shade indicates
movement away
from the satellite and
the red shade
Indicates movement
towards the satellite.
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The Line Of Sight
(LOS) map shows a
discontinuity oriented
NE-SW which could
possibly indicate the
surface expression of
the causative fault of
the 29-31 October
2019 earthquake
event. ALOS
displacement of
approximately 40 cm is
observed. The blue
shade indicates
movement away from
the satellite and the
red shade indicates
movement towards the
satellite.
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Ground motion modelling
result for the M6.5 event
vs. actual ground motion

SWIFT Centroid Moment Tensor Solution:
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(Strke 1, Dip 1, Rake 1)= (228°, 50°, ~167%)

(Strike 2, Dip 2, Rake 2) = (129°,80°,—41%)
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Purok 8, Brgy. Lipaga, M'lang, Cotabato
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Purok 8, Brgy. Lipaga, M'lang, Cotabato
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Sitio Labidangan, Brgy.

212830

125°10'E 125°20'E
LT 7

Upper

R E TNAVIOTEN Sl | T AL
. Antip =
4 1 Legend
A N J
$H { Geologic Impacts Mapped z
i 7
- ) Earthquake Induced Landslide | | ™~
~ President F
Liquefaction
Az @ subsidence
@ Tension Cracks f
~] Provincial Boundary E

s %
ipital)

Out of 74 houses (wooden and semi-concrete
houses), 25 houses were totally damaged and 36
heavily damaged because of poor construction
and was affected by tension cracks.

DOET

PHIVOLCS

Bala, Magsaysay, Cotabato




SiioLaiagn, Brgy.

PHIVOLCS



= Purok Venus, Brgy. Managa, Bansalan,

Geologic Impacts Mapped

Earthquake Induced Landslide
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Purok Venus, Brgy. Managa, Bansalan, Davao del Sur
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Earthquake Impacts — Summary

| andslides Tension | Ligue-
FProvince Municipality Cracks | faction | Damages

Mo. of Barangays Affected

Kidapawan City 1
Alamada
Aleosan
Antipas

Arakan

Kabacan 2 1
Makilala 11
M'Lang 1
Magsaysay
Midsayap

Cotabato

—
—
M3

Tulunan 2 1

Digos City
Bansalan 4 3
Hagonoy 1
Matanao 2 1 2 4

3
b
,
Pikit 3 1
2
;
3

Davao Del Sur

DOET

PHIVOLCS



16 October 2019 M6.3 Tulunan, Cotabato Earthquake
Location: 23 km S62°E of Tulunan, Cotabato (9 km depth)
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29 October 2019 M6.6 Tulunan, Cotabato Earthquake
Location: 22 km S79°E of Tulunan, Cotabato (7 km depth)
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Earthquake Impacts: Ground Shaking

Tagum

Kidapawan

Cotabato City \
- Davao City
7 663 0
Autonomous Itm
Req. In
My m
Mindanao

= Eva’s Building before the Eva’'s Building damaged during the
Bt earthquakes. (Photo © 2019 October 31 2019 M6.5 event. Photo by
A0 Google, taken March 2016) the PHIVOLCS QRT (10312019)
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Earthquake Impacts: Damaged buildings

M6.3 (16 October 2019)

Daig Elementary o .\,“"*‘““"‘“\
School, Tulunan, IR c—
Cotabato

- The October 2019 Cotabato Earthquake Sequence M6/5 (31 October 2019)

DOST-PHIVOLCS Quick Response Team
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Earthquake Impacts: Damaged buildings
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Makilala DRRMO after the 16 October 2019 M6.3 (left) and 29
October 2019 M6.6 (right) earthquakes



Earthquake Impacts:
Ground Shaking

Totally collapsed
£ . house in Brgy.
..., Makilala i Sto. Nino,
. o Makilala
\ i
2WE Jip Totally collapsed
VIR house in Brgy.
3RS Kisante, Makilala
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Earthquake Impacts: |
: g2 Major damage with
Ground Shakmg collapsed CHB wall

in mixed-material

@® house in Brgy.
| Matanao i Asinan, Matanao
TTTTTTTT , i B a7 o wui AT Completely
) 7oA el ) T (T2 2% collapsed CHB
A TR L TS house that was
— R o1 P constructed on a
g - steep area in Brgy.
Asinan. Tension
) cracks were also
= observed in front of
this house.
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Earthquake Impacts:

Ground Shaking A structure that was not damaged
e Y IR by the recent ertuakems‘“_
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Wooden house built near the liquefied area in
Poblacion, Matanao was able to withstand both
the M6.6 and M6.5 quakes
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Earthquake Impacts:
Liquefaction
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DOST-PHIVOLCS Quick Response Team the M6.5 earthquake
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Earthquake Impacts:
Liquefaction

Lateral spreading in
Brgy. Aplaya, Hagonoy,
Davao del Sur

M@:3 (16 Oct. 2019) [l W6 5 (31 Oct. 2019)

The October 2019 Cotabato Earthquake Sequence
DOST-PHIVOLCS Quick Response Team
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Earthquake Impacts: Damaged roads
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Earthquake Impacts:
Earthquake-induced Iandslide
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Landslide. in Brgy. Bato' and Malabuan
(photo from drone survey, 10312019)
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Legend

Earthquake-Induced Landslide (EIL)
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Potential Landslide Areas Kidapawan City and Makilala, Cotabato as of 15 November 2019 This map shows the areas potentially affected by earthquake-induced landslides

in Kidapawan City and Makilala, Cotabato. The DATOS Team used its AI models to

H = predict the baresoil and vegation cover from Planetscope satellite images. Areas
st Car tographlc Information /\*\ [@ COARE £ida with changes from vegetation to baresoil are interpreted as potential landslide
o o \ areas.
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The October 2019 Cotabato Earthquake Sequence ComTHinare Sy WESBYIM e S b i . ' Data Sources
DOST-PH |VOLCS QUiCk ReSpOﬂS@ Team 0 1 2 3 4 5 6km Technology Institute Planet images captured on 11/09/2019 and 11/15/2019, provided by the PEDRO

Center.
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Recommendations
Evacuation and/or Relocation of the following due to landslide threat:

Makilala, Cotabato Tulunan, Cotabato
Bgy. Bato 1. Bgy. Daig (Purok 1 / Center)

Bgy. Buhay 2. Bgy. Bacong (selected houses near Bgy. Hall)
. Bgy. Cabilao

. Bgy. Luayon

. Bgy. Sto Nino (Purok 1 & 2)

. Bgy. Malabuan (Purok 12
and Sitio Basak)

7. Bgy. Poblacion (Purok
Malaang)

8. Bgy. Malungon (Purok 2 & 7)

OUAWNER

rone photo taken by
PHIVOLCS QRT at Bgy. Daig,
Tulunan

Taken by PHIVOLCS QRT
at Bgy. Luayon, Makilala



Recommendations

Evacuation and/or Relocation of the following due to landslide threat:

M’Lang, Cotabato Magsaysay, Davao del Sur Kidapawan City
Bgy. New Esperanza 1. Bgy. Upper Bala (Sitio Bgy. llomavis (Sitio
(Sitio Byao) Labidangan) Agco)

2. Bgy. Malawanit (Purok 6)
Bansalan, Davao del Sur __ S

1. Bgy. Altavista (Sitio

Sunop)

2. Bgy. Managa (Purok
Pananag B)

3. Bgy. Anonang (Sitio
Malupo)

Drone shot in Purok Pananag B,
Bgy. Managa, Bansalan Malawanit, Magsaysay



Republic of the Philippines
DEPARTMENT OF SCIENCE AND TECHNOLOGY FoRan
/

. E
R eC O m m e n d at I O n S g:llls-:\:'g:l\lolichTlTUTE OF VOLCANOLOGY AND e f —
Earthquake-Related Hazard Assessment of | ™

11 November 2019

45 Proposed Relocation Sites Iin Cotabato | e

Cotabato Province

1. Kidapawan City (13 sites)
. " This pertains to your request for earthquake-related hazard assessment for the forty-five
2 M a kl I aI a 1 6 S Ite S (45) proposed relocation sites for communities affected by the recent earthquakes in
" Cotabato Province. We are pleased to provide you the hazards assessment (in table format),

including the explanations of hazard impacts and recommended actions for prevention and

3. Tulunan (15 sites)

Out of the 45 sites, 37 were assessed by DOST-PHIVOLCS Quick Response Team together
with DENR-Mines and Geoscience Bureau (MGB), National Housing Authority, and the LGUs.

, -
4 M I a n 1 S Ite Eight (8) sites were evaluated by DENR-MGB alone. All sites will be further evaluated upon
] receipt of polygon-based locations.
(aS Of 10 N Ovem b er 20 19) In addition, we have attached herewith the assessment maps showing the proposed

relocation sites relative to the nearest active faults in the area, for your reference. We have
also included the latest Earthquake Information Primer, for your perusal. For quick conduct
of hazards assessment in the future, visualization of hazards and monitoring of earthquake
events, please access https://hazardhunter.georisk.gov.ph.

Management
System

d é MAKILALA, COTABATO

@ Relocation Site (14-29)

Active Faut We hope to have provided you with the necessary information. Please do not hesitate to

Solid line - trace is certain
| ----- Dashed fine - trace is approximate contact our office should you need further information or assistance.

2 - Hachures on solid line indicate
B downthrown area - trace is certain

Potentially Active Fault
Solid line - trace is certain

Very truly yours,

72&‘4&,,

RENATO U. SOLIDUM, JR.
Undersecretary, DOST

and

Officer-in-Charge, PHIVOLCS

S % Ao T ey Vo BEEEEE Dashed line - trace is approximate
Makilala Eault 1

v Hachures on solid line indicate
downthrown area - trace is certain

N Postal Address: PHIVOLCS Building, C.P. Garcia Avenue, U.P. Campus Tel. Nos.: +63 2 8426-1468 to 79; +63 2 8926-2611
A Diliman, Quezon City 1101 Philippines Fax Nos.: +63 2 8929-8366; +63 28928-3757
12 3 . s Website . www.phivolcs.dost.gov.ph

Kilometers




Recommendations

. Houses and buildings, especially those with damages, should be inspected If
these are still resistant to a strong shaking; those that were not damaged
should be assessed if they followed the building code and can resist strong
shaking; LGUs and engineering organizations should have these inspected.
. Public should review their earthqguake preparedness response during and
after shaking.

. Areas that are highly susceptible to landslides, especially those that were
affected by landslides or those with tension cracks, should be avoided or
vacated as strong shaking or prolonged rainfall may cause these slopes to
slide.

. Formally train local masons and carpenters on the proper construction
practice and use of standard construction materials. Reconstruction or
construction of houses and buildings should conform with the National
Building Code of the Philippines.



The October 2019 Cotabato Earthquake Sequence:
Parameters and impacts




Digos Fault
L:12.3 km, M6.3

Tangbulan Fault
{ L:69.2km, M7.2

1

124508

Fault Symbol, Category, Type REE
‘Active fault, Trace certain Potentially active fault, Trace certain N
FTTTTTT Active fault, Trace certain - hachures indicate downthrown area Vv~ Potentially active fault, Trace certain - sawteeth point to upthrown area Kilometers Fault Symbol, Category, Type
¥ Active fault, Trace certain - sawteeth point to upthrown area = = == Potentially active fault, Trace approximate Active fault, Trace certain Potentially active fault, Trace certain N
= = = = Active fault, Trace approximate v~ Potentially active fault, Trace approximate - sawteeth point to upthrown area 0 5 10 TTTTTT Active fault, Trace certain - hachures indicate downthrown area tentially acti Kiometers
T T T * Active fault, Trace - hach dicate area —— Offset stream == Active fault, Trace certain - sawteeth point to upthrown area — — — - Potentially active fault, Trace approximate T
v~ Active fault, Trace approximate - sawteeth point to upthrown area — —— = Active fault, Trace approximate v =¥ Potentially active fault, Trace approximate - sawteeth point to upthrown area
T T T - Active fault, Trace approximate - hachures indicate downthrown area  ———— Offset stream
Active and Potentially Active Faults (AO 19 November 2019) ~ v Active fault, Trace approximats - sawiseth polnt 15 pthrown area
Maximum credibl were using the Scaling by Wells (1994)

Cotabato Fault System Bukidnon and Cotabato Active Faults
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Fault Symbol, Category, Type
Active fault, Trace certain ctive fault, Trace certain N
FTTTTTT Active fault. Trace certain - hachures indicate downthrown area ly active fault, Trace certain - sawteeth point to upthrown area Kilometers
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Active and Potentially Active Faults (AO 19 November 2019)
Maximum credible earthquake magnitudes were computed using the itude Scaling i by Wells and 1994)
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