The Supervolcano: Geological Formation & The Toba Catastrophe
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Eruption History
Eruption Age Volume | e [ caldera
(Vears BP) | (km? DRE) Formed

1,200,000 BP 500 8 Yes.

Middle g6 000 Bp 60 7 Yes

Toba Tuff

Youngest
Toba Tuff 73,500 BP 2,800 8

Post-caldera 73,000BP — Ongoing  _
resurgence Present Uplift:

Caldera Morphology
Lake surface area: 1,145 km?
Lake length: 100 km
Width: 35 km

Max depth: 505 m
Elevation: 905 m ASL
Samosir Island: 630 km?
Resurgent uplift: ~450 m

‘. Toba C: phe Data
Erupted volume: ~2,800 km* DRE
Ash fall recorded: 3,000 km from source
Global temperature drop: 3 to 5 °C for decades
S0, injection: ~6,000 Mt
Peak eruption duration: 9 to 14 days

Lake Toba represents the world’s largest and best-preserved resurgent caldera system from a Quaternary supervolcanic
eruption — a geological phenomenon of planetary significance meeting UNESCO OUV Criterion (viii).
Sources: Chesner et al. 1991; Oppenheimer 2002; Petraglia et al. 2012; Lane et al. 2013 — Lake Toba Worid Natural Heritage Nomination Dossier | Scientific Overview | Slide 10f 4 | Prepared for UNESCO World Heritage Committee Evaluation



Volcanological Impact & Landscape Evolution (73,500 BP - Present)

Post-Eruption Recovery

Caldera Rim Asahan River: | 73,500 BP Caldera collapse; lake formation begins
Outlet. s

LIS ® Lake fills; surface stabilizes
RN ® Resurgent magmatic uplift of Samosir dome

Samosir: N < 10,000 BP Samosir Island fully emergent

Island
31 active hot spring fields documented
around lake perimeter

Human Genetic Bottleneck Hypothesis

The Toba eruption coincides with a severe genetic bottleneck in Homo
sapiens, with global population possibly reduced to 3,000 to 10,000
individuals per mitochondrial DNA anal ysls by Ambrose 1998.

Note: hypothesis remains debated — South African archaeological evidence

Ignimbrite Plateau from Mossel Bay suggests some populations survived without catastrophic
= 2 disruption.
Geological Significance AB;udwe'rlslg 8; E“‘i‘:“““‘ R .
e e X proximately 33 endemic fish species including critically endangere
* YTT ignimbrite sheet covers approximately 35,000 square km of northern Sumatra Neolissochils thienemanni (saraf fish) 4 endemic freshwater species found
* VTT deposits serve as global stratigraphic marker horizon at 73,500 BP across four on Earth;
« Toba classified as resurgent caldera among the rarest volcanic landforms on Earth r’a'r\gmﬂlzl Pongo abelil, Sumﬂlfanl :se' Pﬂ"’!':'!m t;'a"s sumatroe, a"d T"ﬂmas s
+ Current geothermal gradient within caldera significantly elevated indicating a still-active magmatic system ;:";:fa':‘;)émdm,m R T Conz o e

The Toba caldera system is an irreplaceable natural laboratory — recording planetary-scale volcanic processes, global climate

perturbation, and potentially the most critical moment in human evolutionary history within a single, intact geological landscape
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Sources: Ambrose 1998; Chesner et al. 1991; LIP| 2019; Conservation i Lake Toba



The Batak People: Cultural Origins & Living Heritage

Batak Origins

Linguistic and genetic evidence indicates Austronesian

e amalt Adt Iigrant ancesty approxmately 2600t 3,000 yoars ogo,

(raditional longhouse) . with possible rmm Batak habitation dating to appmxlmale!v
10,000 BP following post-eruption landscape recovery.

The caldera’s geographic isolalion fostered a i

civilization comprising six sub-groups: Toba, Karo,

‘Simalungun, Pakpak, Angkola, and Mandanling Batak.
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Batak Cultural Heritage
Heritage Element

Oral History & Mythological Landscape

Indigenous syllahlc writing system, one of few surviving pre-colonial with active on programs Batak tarombo oral tradition links |desnltgy to égga volcanic
c

Aksara Batak Script idaresansrpt o
ey T s bl UNESCO Intangible Heritage candidate descend’ed from mountains surraunding the lake; Lake Toba
O] . 4 - : L L e origin Iegend describes a man who martied s ish-woman,
os Textile Hand-woven ceremonial cloth carrying deep cosmological meaning  Active living tradition et brokn

Adat Law System Indigenous governance, dallhan na tolu kinship structure Functionally active in many communities covenant — encodmg gealogical memory of volcanic
Sigale-gale Puppet Ritual Animated wooden puppet used in funerary rituals Rare, select Samosir villages inundation; sacred parsaktian sites concentrate at
Megalithic Stone Tombs Tambak ancestral tombs, some dating 15th to 17th century Protected, UNESCO nominati i active areas around the caldera rim.

OUV statement: The Batak civilizatic one of Southeast Asia‘s most compl surwvmg dig cultural gy, script,

music, textile art, and govemance traditions are directly shaped by the Toba caldera land: meelmg UNESCO OUV Cnlena.n [( w)

Sources: Vergouwen 1964; Kozok 2009; Sibeth 1991 — Lake Toba World Natural Heritage Nomination Dossier | Scientific Overview | Slide 3 of 4 | Prepared for UNESCO World Heritage Committee Evaluation.



Conservation Status, Threats & Heritage Designation Justification

Heritage Value

Current Designation Status
%: = ::‘:giggiﬂoﬂb;\ngﬁ:ﬁ;m;sr:g;:mnaltﬁ:em Toba Geopark) Comparative World Heritage Vﬂ|cllil::m|§ :Il"es Conservation Recommendations
Pending — UNESCD World Natural Heritage nomination under Criteria (vil) and (viii) site Country  Designation  yjime Lake Area to Committee
Governed by Presidential Regulation No. 81/2014 and Badan Otorita Danau Toba (BODT) e ) e Immediate regulatory moratorium on new
e ja Geopas ) , aquaculture net cage expansion within

UNESCO OUV Criteria Assessment LakeToba  Indonesia (v penging) cubickm  squarekm core zone bl
Criterion Assessment Justification Establishment of S00m riparian buffer zone.
Criterion (vii) Natural Beauty Meets Largest volcanic lake on Earth, exceptional caldera landscape Yellowstone  USA :%ﬂ e Wﬁm}ﬂ,\ :;i: g along all caldera shorelines

X Words et Qustemary sipenuicani calters, gt 5 Mandated environmental impact assessment
crteton () Geologcl sty (TR s apic matkes esrgent dome eriake Ush  NetiooalPark  TDMTER (B8 for all toursm nfrastructure
Criteron () Ecologial Processes  Partally Meets Onging p ndemic S 5 spproumay Integrated Batak cultual heritage protection
Criterion (s) Biodiversity endangered i Campi Flegrei ltaly Mot designated g i No lake concurrent with natural heritage designation
Criterion (vi) Cultural [Mests | i living adat system, i i ) Intemational scientific monitoring program for
PR ——" Siocaltes Japan  Notdesignated 753’2:{;';‘;?,‘] Partial caldera geothermal and seismic actvity

Takia Tobel clogical eaaivel d Formal recogrition of Batak adat
Threat Cstegory Severity Evidence e Toba has n;l .‘li logical equivalent among designated ‘communities as co-managers of heritage zone
Nitrogen and ing, 2019 i -

Aquacalture pollution
Deforestation on caldera rim

ey e AP LI Lake Toba s the only place on Earth where the planet’s most powerful Quatemary volcanic event, a

Invasive species Oreochromis niloticus Nile tlapia di g living indigenous civilization shaped by that event, and an irreplaceable endemic ecosystem converge in
Unregulated tourism Mmememy- Uncontrolled shoreline construction, wastewater duschargn a single, intact landscape. Its designation as a UNESCO World Natural Heritage Site is not merely
Seismic and geothermal isk Active caldera, volcanic hazard assessment required warranted it is scientifically and culturally imperative.

Sources: Chesner et al. 1991; LIPI 2019; Conservation Interational; 00T 2020 — Lake Toba World Natural Heritage Nomination Dessier | Scientific Overview | Slide 4 of 4 | Prepared for UNESCO World Heritage Committee Evaluation.



