Gakkel Ridge

If the Gakkel Ridge caldera erupted, what could the effects be?

The Gakkel Ridge is a submarine volcanic ridge in the Arctic Ocean, stretching between Greenland and
Siberia. It’s part of the Mid-Arctic Ridge system, with very slow spreading and scattered volcanic activity.
There’s evidence of large caldera structures and even explosive eruptions under the ice-covered ocean
floor (rare for such deep-sea settings).
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If a Gakkel Ridge caldera eruption occurred, effects would depend on the eruption style (effusive vs
explosive), magma volume, and interaction with seawater/ice. Here’s a breakdown of possible
outcomes:

Local / Regional Effects
1. Submarine Explosions & Hydrothermal Activity
o Water—-magma interaction could cause violent phreatomagmatic explosions.
o Intense hydrothermal plumes would spread minerals and gases (CO,, SO,, metals) into
the Arctic Ocean.
2. Sea lce Melting
o Heat release beneath the ice could cause localized thinning or melting of Arctic pack
ice.
o If avery large eruption occurred, it might open temporary polynyas (ice-free zones).
3. Tsunami Potential
o Caldera collapse or submarine landslides triggered by the eruption could generate
tsunamis across parts of the Arctic Basin, potentially affecting northern Siberia,
Greenland, and Arctic Canada coastlines.

Global / Climatic Effects
1. Gas & Aerosol Release
o Normally, submarine eruptions release fewer gases to the atmosphere because most
are absorbed into seawater.



o Butif the eruption is ultra-large (VEI 6-7, caldera scale), gases could break through and
inject SO, into the stratosphere, causing global cooling (like Pinatubo or Tambora).
2. Carbon Release
o Some studies suggest Gakkel magmas are rich in volatile carbon (CO,, CHa). A giant
eruption might release significant greenhouse gases, partly offsetting cooling.
3. Arctic Ocean Circulation Disruption
o Warming water, altered salinity (from ice melt), and chemical influx (sulfates, metals)
could temporarily disturb thermohaline circulation, with downstream effects on North
Atlantic currents.
Hazard Uncertainty
e The Gakkel Ridge is remote, deep, and poorly monitored.
e Past eruptions (like the suspected massive one ~1999) were only detected years later by
oceanographic surveys.
e Atrue caldera eruption could be comparable in magnitude to large historic eruptions (Tambora
1815), but its submarine setting makes the atmospheric/climatic impact much less certain.

Summary:

A Gakkel Ridge caldera eruption could melt Arctic sea ice locally, cause seafloor collapse tsunamis, alter
Arctic Ocean chemistry, and in the case of a very large gas-rich event, potentially inject enough SO, to
cool global climate for years. However, because it's underwater and under ice, most eruptions there
would have muted global effects compared to land-based supervolcanoes.

Scenario A — Moderate caldera eruption

Scale: VEI 5-6, ~5-20 km® DRE erupted; weeks-long main phase, aftershocks for months.
Style: Phreatomagmatic explosions through seawater + collapses inside the caldera; most gas scrubs into
the ocean.

Immediate effects (0—2 weeks)
e Sea-ice disruption: Localized polynyas (tens—hundreds km?), thin/new ice downwind for weeks.
e Hydrothermal plumes: Hot, particle-rich water columns rise into the Arctic Ocean; strong spikes
in sulfates, CO,, metals near the source; visibility/turbidity changes along the plume path.
¢ Seafloor hazards: Sector/ring faults and intrusions; possible small caldera subsidence.
e Tsunami potential: From limited caldera collapse or small landslides—~0.5-2 m along parts of
the Arctic Basin (Greenland/N. Siberia/Arctic Canada), larger (~*2—4 m) very near-source.

Regional to global (weeks—years)

e Atmospheric impact: A minority of SO, bypasses seawater and reaches the lower stratosphere.
If ~5—15 Tg SO, escapes, expect ~0.1-0.3 °C global cooling peaking ~¥3—6 months after, fading in
1-2 years (Arctic > mid-latitudes).

e Ocean/biology: Near-field acidification and metal toxicity for weeks - followed by fertilization
pulses (iron, silica) that can trigger regional blooms months later.

e Shipping/aviation: Temporary closures of polar flight routes (due to SO,/ash over polynyas),
detours for Northern Sea Route; hazard to subsurface infrastructure (research moorings,
sensors; low risk to major cables unless right on top of them).

What you’d “see” as it happens
e Swarms of small-to-moderate quakes, long-period signals.
o Satellite picks up thermal anomalies, sea-ice holes, and a polar SO,/ aerosol signature.
e Tide gauges around the Arctic show small tsunami wave trains.

Overall impact: Significant Arctic regional disruption; modest, short-lived global cooling; ecosystems
near the vent stressed first, then potentially over-fertilized.

Scenario B — Extreme caldera event (“once in centuries”)
Scale: VEI 7, ~100-300 km3 DRE; multi-week to multi-month eruptive sequence with major caldera
collapse.

Style: Sustained explosive phases punching through seawater/ice, large ring-fault collapse, mass wasting.



Immediate effects (hours—days)

Major polynya/open water over the caldera (hundreds to >1,000 km?); rapid local ice loss and
chaotic refreeze patterns that persist through the season.

Large tsunamis from caldera subsidence or big submarine landslides: ~2—10 m locally, “1-3 m
around much of the Arctic Basin; smaller signals could leak into sub-Arctic seas.

Ash + accretionary lapilli columns may intermittently break the ocean/ice surface through open
water, putting abrasive ash into the lower atmosphere over the high Arctic.

Regional to global (months—years)

Stratospheric injection: Even with seawater scrubbing, a giant event could loft ~50-200 Tg SO,
into the stratosphere (fraction escaping depends on vent geometry/ice cover). Expect ~0.3-0.8
°C global cooling for 2—4 years, strongest in the Northern Hemisphere, plus:
o Darker days / vivid twilights at high latitudes, reduced direct sunlight.
o Ozone stress episodes in the polar stratosphere (sulfate aerosols accelerate halogen
chemistry).
Hydrosphere/climate coupling:
o Arctic stratification intensifies near-term (warm freshwater lens from ice melt over
warmer, more saline water).
o Thermohaline circulation: short-lived perturbations likely; a sustained AMOC shutdown
is unlikely from this alone but polar heat/salinity anomalies could linger 1-3+ years.
Marine ecosystems: Near-vent mortality from heat/low pH/metal toxicity; basin-scale nutrient
pulses later can boost productivity, then draw down as iron/silica are consumed.
Aviation & spaceweather-style ops: Prolonged disruptions to polar aviation corridors, HF radio,
and GNSS accuracy in the high Arctic due to aerosols/ash and modified ionospheric conditions.

What you’d “see” as it happens

Strong seismicity, regional deformation signals (from ocean-bottom geodesy if instruments
survive).

Satellite SO,/aerosol optical depth spikes centered on the Arctic, circumpolar sulfate cloud
within weeks.

Multi-basin tide-gauge tsunami records; drifting pumice/ash aggregates in open leads.

Overall impact: A rare, hemisphere-scale climate perturbation and major Arctic marine/ice disruption.
Global agriculture feels temporary cooling + diffuse light; energy demand rises in NH winters; polar
ecosystems experience shock then re-equilibration.

Key uncertainties (why the ranges are wide)

Seawater/ice “scrubbing”: How much SO; actually reaches the stratosphere depends on vent
depth, exit velocity, and whether the eruption maintains open water.

Eruption geometry: One central vent vs ring vents changes tsunami and ash potential.
Volatile content: Carbon- and sulfur-rich magmas amplify climate effects; volatile-poor ones
mute them.

Practical readiness signals (what to watch)

Unusual seismic swarms beneath central Gakkel segments.

New persistent polynyas not explained by winds/currents.

Satellite-detected SO, over the central Arctic, or a sudden sulfate aerosol belt.
Arctic tide-gauge anomalies (tsunami wave trains).



