
GRETCHEN FRÜH-GREEN | 2:25-2:40pm OS23F-04 3011 
Moscone West
In late October 2015, IODP Expedition 357 took a team of 
scientists to the mid-Atlantic ridge to study the Atlantis Massif, a 
4000 meter-high underwater mountain. The expedition recov-
ered more than 57m of core samples, containing unique 
snapshots of microbial ecosystems and geologic niches. 
Früh-Green, co-chief scientist, will recap the technological and 
scienti�c highlights of the cruise, focusing on the role of 
�uid-rock reactions, like serpentinization, as crucial energy 
sources for deep life.
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MONDAY
PATRICK ALLARD | 10:35-10:50am V12A-02 310 Moscone 
South
Mount Etna is one of Earth’s most active volcanoes, sitting on 
the boundary of the African and Eurasian tectonic plates. As 
such, many scientists study the volcano, investigating its inner 
workings. Allard and colleagues focused on the chemical 
evolution of the magma storage system beneath Etna and how 
it has changed from the early nineteen seventies until now. 
Allard will share new estimates of just how much magma can 
be stored beneath the volcano, waiting to erupt, and how 
these data may improve understanding and forecasting of 
Etna’s eruptive behavior. 

JEN BIDDLE | 11:05-11:20am B22D-04 2010 Moscone West
Nearly 20% of Earth’s microbes reside beneath the ocean, 
buried in sediments and rocks. They are not evenly spread out 
across the seabed, but instead concentrate along continental 
margins. By looking for signs of life in core samples from 
continental margins, Biddle and her team found many new and 
unusual species of archaea. Cataloguing these organisms not 
only adds to our knowledge of the deep biosphere, it �lls in 
gaps in our understanding of evolution. 

EIJI OHTANI | 10:20-10:35am MR22A-01 301 Moscone South
Earth’s core is predominantly a liquid alloy of iron and nickel. 
Seismic data suggest, however, the presence of an additional 
“light” (i.e., low molecular weight) element in the core. 
Through a series of high pressure/high temperature experi-
ments, Ohtani and colleagues investigated several possible 
candidates. From this, they present new evidence regarding the 
identity of the light element, and a new chemical structure for 
Earth’s core. 

TUESDAY
EDWARD YOUNG | 3:10-3:25pm B23H-06 2010 Moscone 
West
Both geologic (abiotic) and biologic (biotic) processes generate 
methane, which are recorded in the structure of individual 
methane molecules. By developing a new mass spectrometer, 
Panorama, Young and colleagues are now able to assess 
whether a methane sample is generated biotically or abiotically. 
These new techniques are exciting in terms of analyzing meth-
ane on Earth, and they also may help answer the question of 
how methane is created on Mars and other planets. 

FREDERICK COLWELL | 10:20-10:35am B22D-01 2010 
Moscone West
Despite decades of research, building a coherent picture of the 
diversity and extent of the deep biosphere remains challenging. 
The microbes living in these ecosystems often defy the behav-
ioral norms of their surface counterparts, surviving over 
geologic timescales, under starvation conditions, and while 
subjected to high pressures and temperatures. Colwell will 
address the challenges of generating a holistic picture of the 
deep biosphere and share recent progress, as well as how 
understanding this hidden world impacts our search for life 
elsewhere in the universe.

FENG ZHU | 4:15-4:30pm V24A-02 308 Moscone South
Like many of the reactions taking place in Earth, diamond 
formation is subject to drastic changes in pressure and 
temperature as depth increases. While we can’t travel inside 
Earth and watch diamonds form, we can recreate these 
reactions in the lab. Zhu and colleagues subjected a canonical 
diamond forming redox reaction to increasing pressures and 
temperatures and monitored the reaction products in real time. 
They found that diamond did not form at conditions of the 
lower mantle, and hence surmise that most ultradeep 
diamonds may come from depths below 250 km .

BARBARA SHERWOOD LOLLAR | 5:00-5:15pm B24B-05 
2010 Moscone West
In 2013, Lollar’s group first published their discovery of ancient 
water, trapped for a billion years in underground cracks in the 
Canadian Shield. Since then, they have found evidence of 
water-rock reactions taking place in the crust, generating 
chemical energy. Such energy generating systems at deep 
continental sites around the world could power a large 
microbial ecosystem, and point to a potential mechanism for 
sustaining life beneath the surface of other planets.  



CIN-TY LEE | 5:15-5:30 P44B-06 2005 Moscone West
Looking at a map of Earth we recognize the distinctive outlines 
of the continents. But how did these land masses form? Lee 
and colleagues used theoretical modeling experiments to 
reconstruct some of the earliest moments in Earth’s history, as 
the young, hot planet started to cool. Their results suggest 
that for most of Earth’s history it was a water world, with very 
few areas of land. Only 500-1000 million years ago did the 
continents rise above this ubiquitous ocean. 
 

THURSDAY

CARLO CARDELLINI | 8:30-8:45am V31E-03 308 Moscone 
South
Volcanoes aren’t the only sources of deep carbon in Earth’s 
atmosphere. In some places, the amount of carbon released 
from tectonically active areas is comparable to erupting 
volcanoes, suggesting such degassing at sites around the 
world may have a signi�cant effect on atmospheric carbon 
dioxide levels. In central and southern Italy, for example, 
carbon dioxide is released across a large, tectonically active 
area from groundwaters, soil degassing, and hydrothermal 
systems. Cardellini and colleagues have studied this phenome-
non for years, and present estimates of how much carbon is 
released from the area. 

ISABELLE DANIEL | 1:55-2:10pm B33I-02 2010 Moscone 
West
The serpentinization reaction takes place when water comes 
into contact with certain kinds of iron-bearing rocks, produc-
ing molecular hydrogen. This reaction fuels a large percentage 
of Earth’s deep biosphere, and also serves as a natural mecha-
nism for carbon sequestration. Daniel and colleagues have 
analyzed the serpentinization reaction in detail, and show that 
certain environmental conditions accelerate the reaction, with 
potential scalability to industrial levels. 

WEDNESDAY
CYNTHIA WERNER | 8:00-8:15am V31E-01 308 Moscone 
South
Volcanic systems are a constant source of carbon dioxide in 
Earth’s atmosphere, yet we do not know precisely how much 
carbon they emit on a global scale. DCO’s DECADE initiative is 
making signi�cant headway, having instrumented several of 
the most actively degassing volcanoes on the planet with 
permanent gas monitoring stations. In this presentation, 
Werner will highlight new data from the DECADE project as 
well as advances in quanti�cation of carbon dioxide from the 
many other, more subtle, sources of magmatic carbon dioxide 
that are also critical when considering global budgets.  
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FRIDAY

BRENDAN McCORMICK | 9:30-9:45am V41C-07 310 
Moscone South
Bagana volcano in Papua New Guinea is one of Earth’s largest 
emitters of sulfur dioxide, something we know through 
satellite-based observations alone. In September 2016, an 
international team of early career scientists led by McCormick 
visited the little-studied volcano and collected numerous 
physical samples and novel measurements. They also made the 
�rst measurement of volcanic carbon dioxide in Bagana's gas 
plume, using an unmanned aerial vehicle.

ROBERT HAZEN | 4:30-4:45 IN44A-03 2000 Moscone West 
For decades, mineralogists have collected and cataloged Earth’s 
mineral inventory, resulting in rich databases of mineral 
chemistry, structure, and geographic occurrence. Hazen and 
his colleagues are using novel data science methods to investi-
gate these databases, searching for patterns. Using network 
analyses commonly used to dissect human social networks, 
Hazen’s team is �nding clusters, or cliques, of minerals 
commonly found together, and uncovering unexpected mineral 
pairings.  
.

DEEP CARBON OBSERVATORY
deepcarbon.net

The Deep Carbon Observatory (DCO) is a global community of multi-disciplinary scientists unlocking the inner secrets of Earth 
through investigations into life, energy, and the fundamentally unique chemistry of carbon.

LOUISE KELLOGG | 9:45-10:00am V31E-08 308 Moscone 
South
Kellogg and her colleagues are using a chemical geodynamics 
modeling approach to track carbon exchange from the surface 
to the deep Earth throughout Earth’s history. Compared to 
Venus, Earth has much less atmospheric carbon. They suggest 
that a substantial fraction of the atmospheric carbon was 
transferred to the mantle following the Moon-forming giant 
impact. 
 CHRIS GLEIN | 10:50-11:05am P32A-03 2007 Moscone West 
Enceladus, an icy moon of Saturn, is one of the most likely 
bodies in the solar system to host extraterrestrial life. On 
Earth, microbial ecosystems trapped underground can survive 
on chemical energy provided by molecules such as molecular 
hydrogen. With data collected when the Cassini spacecraft 
�ew through a plume of gases and ice particles ejected from 
Enceladus, Glein and colleagues are using geochemical models 
to investigate the nature and history of hydrothermal activity 
on Enceladus, a potential mechanism for deep energy genera-
tion on this moon.
 

BETH ORCUTT | 8:00-8:15am B51K-01 2010 Moscone West
What does it take to survive in Earth’s deep biosphere? Orcutt 
looks at the myriad factors in�uencing microbial survival in the 
deep. From high temperatures and pressures to low energy 
and nutrient availability, life in the crust takes ingenuity, 
frugality, and teamwork. She will also talk about the emerging 
role of bio�lms in deep ecosystems and how these protective 
structures keep microbial populations alive. 
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