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Importance of ocean exploration and marine research 

🐙 The ocean  makes up 71% of the Earth’s surface, and >95% of all habitable space on Earth
🐙 The five main oceans contain 94% of the world’s wildlife and 97% of all the water on our blue planet
🐙 ~20% of  the seafloor has been mapped with modern multibeam/sonar measurements
🐙 Humans have physically seen or been to < 5% of the seafloor
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🐙We have higher-resolution maps of the surface of our moon and Mars
🐙Mapping helps us understand ocean currents, marine habitats and biodiversity, seismic hazards
🐙Human health and marine research: e.g. treatment of leukemia, pain relief, PCR, fluorescence
🐙Deep time and evolution: many branches of life that have evolved over 4BY

Angler fish, Bluegreen Pictures
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Seafloor hydrogeology influences:

🐙the physical state and evolution of the crust
🐙heat loss and thermal evolution of crust
🐙chemical composition of the oceans
🐙maintenance and evolution of biological 

communities, within and above the crust

Movement of fluids in and out of the 
oceanic crust driven by 
hydrothermal circulation 
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…the "hydrothermal siphon"
Magnitude of driving force depends on: depth of circulation (sediment 
thickness, aquifer thickness), temperature difference between recharging 
and discharging fluids, flow rate (coupled system)

modified from Fisher and 
Wheat (2010)
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Hydrothermal circulation via seamounts:

🐙Accounts for 8-10 TW of heat 
loss globally (18-20% of Earth’s 
total heat loss)

🐙Recycles the crustal reservoir 
every 1k-10ky 

🐙Recycles the entire ocean 
every 100k-500ky

How do we know this? 
Heat flow data!

mW/m2
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• Eleven (11) outcrops within area the size of Connecticut is missing ~70% of lithospheric heat
• Mean conductive seafloor heat flux of chilled region is ~30 mW/m2

• Very high fluid flow rates inferred…but what rates are required? Is this reasonable?

Modified from 
Hutnak et al., 
2008

Heat flow surveys in 2001/2002 identify a large “chilled” region of the seafloor



• Eleven (11) outcrops within area the size of Connecticut is missing ~70% of lithospheric heat
• Mean conductive seafloor heat flux of chilled region is ~30 mW/m2
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AT26-09: Dorado Expedition, 4–23 December 2013
(geology, geochemistry, geophysics, microbiology)

AUV Sentry used to map seafloor, measure water column data, profile sediment thickness

ROV Jason used to video/photograph seafloor, collect thermal data, fluid/rock/sediment
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Bathymetric data used to plan 2013 expedition vs new data 

50-100-m resolution

Firehose of discharge 
expected from 
Dorado outcrop

20-km
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ROV Jason in action

Photo courtesy of Chris German, 
WHOI/NSF, NASA/ROV Jason 2012, © 
Woods Hole Oceanographic Institution
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Photo courtesy of Dan Fornari and S. Adam Soule, WHOI, and 
Rebecca Carey, Univ. of Tasmania/NSF/WHOI-MISO
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First fluid sample of pristine water from the ocean crust!! Act 1: 
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AT26-24: Dorado Expedition, 11/30-12/12 2014
(geology, geochemistry, geophysics, microbiology)
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It turns out there was more than just hydrothermal flows….
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Upon arriving at Dorado, we saw no firehose, but lots of Octopus! Act 1: 
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Lots of shimmering water, shrimp, tube worms
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Data from 2013/2014 were 
compiled and published: 
a new high-res map and 
the first study of clusters of 
deep-sea octopods….

But the findings predicted 
that the eggs would not 
survive due to stress, low 
oxygen 
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Water escaping from the octopus-lined cracks was 8-10ºC Act 1: 
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A flurry of articles featured the discovery but with dire 
predictions for the octopus nursery
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Sixteen out of these 17 deep-sea octopuses are brooding young 
– but they’re all fated to die.
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Act 2:     
a team
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Ship time proposal funded through 
SOI, with Costa Rican partners
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The team
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The scientific goals:

Exploring the relationship between low-
temperature hydrothermal venting and 
octopus brooding

Understanding biodiversity and 
ecosystem function more broadly

The dive plans targeted six seafloor 
features, five of which had never been 
explored previously
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Leaving port in Puntarenas, CR Act 3:      
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SubAstian in 
water 

Livestream 
shift

Planning,  
pivoting

Science Team 
meeting

Recovery and 
sample process

Multibeam 
overnight

Workflow-a day 
on the ship
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Mapping and dive planning 
incorporated all of the participants 
disciplines, objectives

Planning,  
pivoting



7PM!!

Science Team 
meeting
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Almost daily outreach events-- Ship to Shore live casts







Figure 7. Example of Microbe Colonization Experiments being deployed at Dorado Outcrop.

SOI Imagery https://creativecommons.org/licenses/by-nc-sa/4.0/



A day in life on a deep sea research expedition













View of White OsmoSampler prior to 
recovery










