Volcanic Activity

Volcanic Activity Volcanic activity refers to the eruption of magma, gases, and ash from a volcano, as well as related

phenomena such as earthquakes, ground deformation, and gas emissions caused by magma movement beneath the Earth's

surface. It is a key geological process that shapes the Earth's landscape and can have significant impacts on climate,
ecosystems, and human societies.

Types of Volcanic Eruptions

Effusive Eruptions — Gentle flows of lava (e.g., Hawaiian volcanoes).

Explosive Eruptions — Violent bursts of ash, gas, and pyroclastic material (e.g., Mount St. Helens, Vesuvius).
Phreatomagmatic Eruptions — Steam-driven explosions when magma interacts with water.

Volcanic Hazards

Lava Flows — Can destroy infrastructure but usually move slowly.

Pyroclastic Flows — Fast-moving, superheated gas and ash (deadly).

Ash Fall — Disrupts air travel, damages lungs, and collapses roofs.

Volcanic Gases (SO,, CO,) — Can cause acid rain or suffocation (e.g., Lake Nyos disaster).

Lahars — Mudflows from melted snow/rain mixing with ash (e.g., Nevado del Ruiz, 1985).

Monitoring & Prediction

Seismic Activity — Earthquakes often precede eruptions.

Ground Deformation — Swelling or sinking detected by GPS/satellites.
Gas Emissions — Increased SO, or CO, can signal rising magma.
Thermal Imaging — Detects heat changes in volcanic craters.

Famous Eruptions in History

Mount Vesuvius (79 AD) - Destroyed Pompeii & Herculaneum.

Krakatoa (1883) — Caused global cooling and tsunamis.

Mount St. Helens (1980) — Major lateral blast in the U.S.

Pinatubo (1991) — Temporarily lowered global temperatures.

Current Active Volcanoes (2025)

Kilauea (Hawaii) — Ongoing effusive eruptions.

Popocatépetl (Mexico) — Frequent ash emissions.

Etna (Italy) — Regular Strombolian activity.

Reykjanes Peninsula (Iceland) — Recent fissure eruptions near Grindavik.

Causes of Volcanic Activity

Volcanoes form due to plate tectonics and magma generation in Earth's interior:

Divergent Boundaries — Plates pull apart, allowing magma to rise (e.g., Mid-Atlantic Ridge, Iceland).
Convergent Boundaries — Subduction zones melt crust, creating explosive volcanoes (e.g., Pacific Ring of Fire).
Hotspots — Mantle plumes melt crust independently of plate boundaries (e.g., Hawaii, Yellowstone).

Types of Volcanoes & Eruptions

By Volcano Shape

Shield Volcanoes - Gentle slopes, basaltic lava (e.g., Mauna Loa, Hawaii).
Stratovolcanoes - Steep, layered ash & lava (e.g., Fuji, Mount Rainier).

Cinder Cones — Small, steep ash piles (e.g., Paricutin, Mexico).

Calderas - Collapsed craters after massive eruptions (e.g., Yellowstone, Santorini).
Volcanic Products

Lava - Basaltic (fluid) vs. Rhyolitic (viscous, explosive).

Pyroclastics — Ash, pumice, volcanic bombs.

Gases - H,0, CO,, SO, (climate impacts), HCI, HF (toxic).



o Secondary Hazards - Lahars (mudflows), tsunamis, acid rain.

Monitoring & Early Warning

» Seismometers — Detect magma movement (harmonic tremors).

» Gas Sensors — Measure C0O,/S0, spikes (indicate rising magma).

» Ground Deformation — GPS & InSAR detect swelling (e.g., Campi Flegrei, Italy).

» Recent & Ongoing Activity (2024-2025)

« |celand (Reykjanes Peninsula) — Fissure eruptions near Grindavik (2023-2024), lava flows threatening infrastructure.
* Popocatépetl, Mexico — Frequent ashfall, evacuations in nearby towns.

« Kilauea, Hawaii — Recurring lava lake activity in Halema‘uma'u crater.

» Etna, Italy - Strombolian bursts & lava fountains (Feb 2024).

¢ Volcanic Climate Effects

» Cooling: SO, forms sulfate aerosols, reflecting sunlight (Pinatubo, 1991 - global temps dropped ~0.5°C).
* Warming: CO, emissions (long-term, but minor vs. human activity).

Supervolcanoes & Existential Threats

* Yellowstone (USA), Toba (Indonesia), and Campi Flegrei (Italy) could cause:
* Decades-long volcanic winters.

* Mass crop failures, societal collapse.

» Probability: Low (e.g., Yellowstone ~0.0001% annual chance).

¢ The Physics of Magma: Why & How It Erupts

¢ Magma Viscosity: Controlled by SiO, content:

 Basaltic (~50% SiO,): Thin, flows easily (Hawaii).

» Rhyolitic (~70% Si0,): Thick, traps gas - explosions (Yellowstone).
* Volatile Content: Dissolved H,0, CO,, SO, drive explosivity.

* At depth: Gases stay dissolved.

» Partial Melting: Rocks melt due to:

o Decompression (mid-ocean ridges).

» Flux melting (water lowers melting point in subduction zones).

Ultra-Explosive Eruptions: Ignimbrites & Calderas

« Supereruptions (VEI 8): >1,000 km? of ejecta:

e Taupod (NZ), 25,500 BP: "Oruanui eruption"—blew 1,200 km3.

* Yellowstone Huckleberry Ridge, 2.1M BP: 2,500 km3.

¢ Pyroclastic Density Currents (PDCs):

¢ Turbulent vs. Laminar Flows: Some PDCs ride on air cushions at 700°C, moving at 200+ mph.
» Fossilized PDCs: The "Bishop Tuff" (California) preserves 760,000-year-old ash flows.

Subglacial & Submarine Volcanoes: Extreme Environments

» Volcanic Activity Iceland’s Katla: Erupts under ice - catastrophic jokulhlaups (glacial floods).

¢ Loihi Seamount: Growing off Hawaii; future island in ~10,000 years.

o Black Smokers: Hydrothermal vents at mid-ocean ridges (life thrives on chemosynthesis).

* Volcanic Lightning & Atmospheric Effects

 Dirty Thunderstorms: Colliding ash particles generate lightning (e.g., 2016 Bogoslof eruption, Alaska).
» Volcanic Vortices: Rare, tornado-like whirlwinds in plumes (observed at Sakurajima).

¢ Stratospheric Aerosols: Pinatubo’s 1991 eruption increased global albedo by 10% for 2 years.

¢ Forecasting: Al, Muon Tomography & Animal Behavior

* Machine Learning: Al analyzes seismic patterns to predict eruptions (e.g., ETH Zurich's "VolcNet").

* Muon Radiography: Cosmic rays map magma chambers (used at Soufriére Hills).

« Bioindicators: Folklore links animal agitation to eruptions (e.g., 1975 Haicheng earthquake was preceded by snake
migrations).

Human Engineering vs. Volcanoes

» Lava Diversion: Attempted in Iceland (1973 Heimaey) using seawater pumps.

» Geothermal Energy: Tapping magma-heated water (e.g., The Geysers, California).

» Carbon Capture: Proposed mineralization of CO, via reactive basalts (CarbFix project, Iceland).
¢ The Weirdest Volcanoes in the Solar System

» Cryovolcanoes (Ice Volcanoes):

« Enceladus (Saturn’s moon): Erupts water vapor from subsurface ocean.



» Triton (Neptune’s moon): Nitrogen geysers.
¢ Venus: Pancake domes from ultra-viscous lava.

The Next Big Eruption: High-Risk Zones

o Campi Flegrei (Italy): Supervolcano beneath Naples; 1.5M people at risk. Recent unrest (2023-24: 80+ cm uplift).
 Aira Caldera (Japan): Sakurajima sits atop a magma chamber with 40 km?3 of melt.

» Long Valley (USA): California’s restless giant; 1980s uplift linked to 500 km?® magma body.

¢ Post-Eruption Landscapes: From Devastation to Life

¢ Primary Succession:

» Krakatoa (1883): First fern spores arrived within 3 days.

* Mount St. Helens (1980): Lupine plants stabilized ash, enabling ecosystems to return.

» Volcanic Soils: Rich in potassium/phosphorus (e.g., vineyards near Vesuvius).

Open Questions in Volcanology

» What triggers "paroxysmal" eruptions? (e.g., Stromboli’s sudden violent shifts).

» Can we drill into magma safely? (Krafla, Iceland experiment pierced magma in 2009).

¢ Did volcanoes kill the dinosaurs? Deccan Traps vs. Chicxulub asteroid debate.

¢ The Violent Birth of Magma: From Mantle to Eruption

* How Magma Forms: It's Not Just "Melting Rock"

» Decompression Melting (Mid-Ocean Ridges)

* As tectonic plates pull apart, pressure drops - peridotite mantle partially melts - basaltic magma.

» Flux Melting (Subduction Zones)

» Volcanic Activity Water from sinking oceanic crust lowers melting point - andesitic/rhyolitic magma (explosive!).
o Example: The Cascades (Mt. St. Helens) are fueled by Juan de Fuca Plate’s water.

Hotspot Plumes (Hawaii, Yellowstone)

* Mantle plumes melt crust independently of plate tectonics.

« Controversy: Are plumes stationary? Evidence suggests some wobble over millions of years.
* Magma Chambers: Time Bombs Beneath Us

e Crystal Mush Theory

¢ Eruptions occur when fresh magma injects, remobilizing the mush.

Super-Sized Chambers

Yellowstone's reservoir: 1,000 km? of magma (only 10% molten).

Toba’s (Indonesia) super-eruption 74,000 years ago came from a 5,000 km?3 chamber.
The Deadliest Eruption Mechanisms

« Plinian Eruptions (Vesuvius, Pinatubo)

Column Collapse: Ash plume collapses — pyroclastic surge (600°C, 450 mph).

e Pompeii’'s Victims: Died in <1 second from thermal shock, then buried in ash.

» Phreatoplinian Eruptions (Water + Magma = Mega Boom)

Example: 1883 Krakatoa—vaporized island, tsunami waves 40m high.



