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Estimation of the CO2 emitted from Furnas lake (São Miguel, Azores). Correlation between CO2
and tectonic structures.
César Andrade, Fátima Viveiros, J Virgílio Cruz, Catarina Silva, Rui Coutinho, CVARG University of the
Azores
Furnas Volcano is one of the polygenetic central volcanoes that form São Miguel Island and its
morphology is dominated by two nested calderas, which are crossed by several tectonic structures
(mainly WNW-ESE direction). A volcanic lake with about 1.8 km2 is located inside the caldera. CO2
surveys (CO2 fluxes on the lake surface and CO2 concentration measurements throughout the water
column) were carried out in this water body. Two sampling campaigns were performed, one in the
summer 2013 (1st survey) and another in the coldest season (2014, 2nd survey). Sampling performed
along the water column showed water stratification in the lake during the summer period, due to a thermal
effect, which retains the CO2 in the hipolimnion. On wintertime stratification was not observed, enabling
element homogenization along the water column. The CO2 fluxes ranged between 0 and 20960 g m-2 d1. Statistical methods allowed discriminating between biogenic and volcanic CO2, and the limit for an
organic CO2 origin was defined as 35 g m-2 d-1. The total CO2 released to the atmosphere was
estimated, through the use of sequential Gaussian simulations, and values of about 365 t d-1 and 55 t d-1
were attributed, respectively, to the 1st and 2nd surveys. Spatial distribution of the CO2 emitted through
the lake surface also suggests a good correlation with the tectonic structures (WNW-ESE and NW-SE
directions) that cross the volcano caldera and that should extend through the lake bottom.
Microbial Communities of the hyperarid areas of the Atacama Desert
Armando Azua-Busto, Blue Marble Institute of Science, Chile
The Atacama Desert in Chile is the driest and oldest desert on Earth. In addition, is considered to be one
of the best Mars analog model on Earth. Here, a number of microbial communities have been discovered,
with the ones present in the soil subsurface being one of the most interesting due to its existence in an
habitat where almost no water and scarce nutrient sources are available. Our recent discovery of the
driest site of the Atacama known to date opens an opportunity to better describe the microbial species
found in this place in terms of the physiological and molecular tools that these species use in order to
survive in these extremely harsh conditions.
Noble gas characteristics of hydrocarbon systems
Peter Barry, Chris Ballentine, University of Oxford, UK
Noble gases are primarily introduced into hydrocarbon reservoirs through exchange with formation
waters. The origin and subsequent migration history of noble gases can be identified by isotopic
characteristics and relative elemental abundance ratios. By targeting air-derived noble gas isotopes, we
can assess the extent of exchange between hydrocarbon phases and formation waters that have
previously equilibrated with the atmosphere. Resulting elemental ratios are controlled by phase
partitioning, which provide constraints on reservoir conditions (e.g., pressure, temperature and salinity)
and gas to water volume ratios.
We present compositional and isotopic data for hydrocarbon and non-hydrocarbon compounds as well as
noble gas isotope and abundance data from two distinct natural gas fields in NW Germany. Gases are
composed of N2 (8-15%) and hydrocarbons (83-92%), which are predominantly (~98%) methane. Helium
isotopes (3He/4He) range from 0.042 to 0.084 RA, suggesting a negligible mantle contribution, consistent
with Ne isotope results. We observe systematically higher 20Ne/36Ar, and lower 84Kr/36Ar and
132Xe/36Ar values relative to air saturated water ratios. These data cannot be explained by a simple
Rayleigh degassing and closed-system mixing model, suggesting that samples have been modified by an
additional process. Accordingly, we have developed a two-stage closed-system solubility-controlled
degassing and re-dissolution model to explain these data.
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Carbon release through hydrothermal venting at the Arctic Mid-Ocean Ridges (AMOR)
Tamara Baumberger, Marvin D. Lilley, Ingunn H. Thorseth, Rolf B. Pedersen, University of Bergen,
Norway
In recent years it has been recognized that a variety of carbon species play important greenhouse gas
roles and thus the carbon cycle itself, has gained increased attention. In this respect, the Arctic is
specifically acknowledged as being a particularly relevant area of interest because the effects of climate
change are amplified in this region. At mid-ocean ridges, carbon can be released as a result of
hydrothermal and magmatic activity, especially where sediments are involved or where magma degassing
is present. The ultraslow spreading Arctic Mid-Ocean Ridges (AMOR) are characterized by magmatic and
amagmatic ridge segments and large parts of the AMOR are covered by sediments. The basalt-hosted
JMVF are located at 71° N on the southern end of the Mohns Ridge. The venting fluids are characterized
by CO2 concentrations of up to 110 mmol/kg and an associated isotopic composition representing a
mantle carbon source. The JMVF belong to the group of CO2-rich vents as compared to other basalthosted hydrothermal mid-ocean ridge systems. Another source of carbon release along the AMOR is the
sediment-influenced hydrothermal system, Loki´s Castle. Here, a mix of mantle CO2 and C-species (CO2,
CH4, C2+) from the thermogenic decomposition of organic matter is released to the water column. In this
study we estimate the total C-flux to the hydrosphere from hydrothermal venting along the AMOR and
investigate its relevance for the water column.
Carbonate stability at lower mantle conditions
Eglantine Boulard, Institut Neel, France
Only a small fraction of the total carbon budget of the Earth is found at the surface. In fact, the mantle is
thought to be the largest carbon reservoir. Carbonates, and in particular ferromagnesite ((Mg,Fe)CO3),
are likely candidates for deep-Earth carbon storage. The stability of these carbonates versus
decarbonation and melting is of great interest for understanding the global carbon cycle. For all these
reasons, the thermodynamic properties and phase diagrams of these minerals are needed up to core
mantle boundary conditions.
High pressure - high temperature experiments were carried out on Mg, Fe and Mn rich carbonates. This
led to the discovery of new high pressures phases of carbonates (Boulard et al. 2011, 2012, submitted).
Our results show the possibility for carbon to be recycled in the lowermost mantle and provide evidence of
a possible coexistence of reduced and oxidized carbon at lower mantle conditions. Moreover, we
observed first experimental evidences of tetrahedrally coordinated at lower mantle conditions (Boulard et
al. 2015). Tetrahedrally coordinated carbonates are expected to exhibit a substantially different reactivity
than low pressure three-fold coordinated carbonates, as well as different chemical properties in the liquid
state. Hence it may have significant implications on carbon reservoirs and fluxes and on the study of the
global geodynamic carbon cycle. This new study will be discuss in more detail at the poster session.
Alysia Cox TBD
Microbial Community Dynamics in a Tropical Serpentinizing Peridotite: Santa Elena Ophiolite,
Costa Rica.
Melitza Crespo-Medina, Ricardo Sanchez-Murillo, Matthew O. Schrenk, CECIA - Inter-American
University of Puerto Rico
Serpentinization is the reaction of ultramafic rocks with water to form serpentine. This process liberates
mantle carbon and reducing power to potenially support chemosynthetic microbial communities which
may be important mediators of carbon and energy exchange between the deep Earth and the surface
biosphere. Santa Elena Ophiolite in Costa Rica is a newly described, active serpentinization site in the
tropics. The uniqueness of this site relies on the extreme varying weather conditions between a dry
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season (November-April) and a wet season (May-October). Three springs were sampled during a trip to
Santa Elena in February 2014: Q. Danta, Spring 9 and Spring 8 with pH values around 11.6 and average
methane concentration of 145, 912 and 870 µM, respectively. The 16S rRNA tag sequence libraries were
dominated by Betaproteobacteria of the Order Burkholderiales. Sequences related to the order
Clostridiales were also identified, being more abundant at Spring 8. These two bacterial orders have been
identified as a key components of the microbiome of other serpentinizing sites. Archaeal 16S rRNA tag
sequence libraries were dominated Methanomicrobia (ANME1) and Methanosarcinales, both associated
with methane cycle, suggesting the importance of methane metabolism in the area. Metagenomic and
metatranscriptomic analysis from Spring 9 and its related upstream sample are in progress and will
further provide evidence of the metabolic potential and activity at these alkaline environment.
Linking Ecotoxicological Effects To Environmental Risk Assessment Through And Integrated
Weight Of Evidence Approach
Giuseppe d'Errico, M. Benedetti, S. Gorbi, D. Fattorini & F. Regoli Polytechnic University of Marche, Italy
Natural and anthropogenic sources of chemicals and hydrocarbon release in the environment can
significantly impact ecosystems and human activities. The combination of multiple typologies of is often
hampered by the lack of standardized procedures for interpretation and integration of complex datasets of
heterogeneous results, development of qualitative and quantitative evaluations, the synthetic classification
and the communication of risk to stakeholders.
My research is focused on the evaluation and integration of different typologies of data, which include
sediment chemistry, bioavailability of chemicals in bioindicator species, ecotoxicological effects measured
at subcellular level or organism level, and ecological effects on benthic communities. Different data are
elaborated within specific modules through logical flowcharts and mathematical algorithms, which provide
synthetic indices of hazard for each line of evidence, before their final integration in a quantitative risk
evaluation. The model has been applied to different multidisciplinary studies for the characterization and
classification of sediment quality, the assessment of environmental hazards in coastal areas and brackish
environments and within ecological risk assessment procedures.
On the side I am also involved in a project investigating the organic carbon degradation and cycling in
marine environments.

	
  
Dissolution of carbonate minerals in subduction zone fluids
Sébastien Facq, Isabelle Daniel and Dimitri A. Sverjensky, University of Cambridge, UK
Current thermodynamic models of the metamorphic devolatilization of subducting slabs only assume that
neutral gas molecules (CO2, CH4 and H2O) compose subduction zone fluids and they fail to explain the
significant amounts of carbon emitted by arc volcanism (Manning, C. 2014). Dissolution of carbonate
minerals driven by the release of fluids from the subducted slab could be an important mechanism of
transfer of carbon into the mantle and ultimately back to the atmosphere helping to balance carbon
dioxide emissions at arc volcanoes (Frezzotti et al, 2014; Ague & Nicolescu, 2014). In that case, the
knowledge of carbon aqueous speciation and solubility of carbonate minerals under extreme pressure
and temperature conditions is critical to constrain existing thermodynamic models. In this study, we
present experimental data of carbon aqueous speciation and solubility of aragonite in equilibrium with
aqueous fluids (H2O, NaCl+H2O) under high temperature and high pressure conditions collected by in situ
Raman spectroscopy and X-ray fluorescence combined to diamond anvil cell techniques. These
experimental data will to help to the development of quantitative models of carbon transport by aqueous
fluids in subduction zones and validate recent aqueous speciation and solubility model (Sverjensky et al,
2014).
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Metal–silicate reactions in the presence of carbon with application to Earth's core formation
Rebecca Fischer, Andrew J. Campbell, Nobuyoshi Miyajima, David C. Rubie, Dennis Harries, Kilian
Pollok, Falko Langenhorst, and Daniel J. Frost, Smithsonian/UC Santa Cruz, USA
Molten silicate and metal equilibrated during Earth's core formation, and experimentally measured
partition coefficients can be used to place constraints on core formation conditions. Metal–silicate
partitioning has been studied extensively in the multi-anvil press, but very few studies extend to >25 GPa,
and none of these included C. We measured metal–silicate partitioning in five experiments at 31–100
GPa and up to 5500 K with geochemically relevant (1–2 wt%) C in the metal. Samples of Fe alloy and
silicate were laser heated to melt both phases. After decompression, samples were cut into sections ~100
nm thick with a focused ion beam (FIB). Chemical analyses of all elements except O and C were
performed using energy dispersive spectroscopy (EDS) in a transmission electron microscope (TEM).
Samples were then thinned by FIB to ~60 nm and analyzed by electron energy loss spectroscopy (EELS)
to determine the Fe/O and Fe/C ratios of the metal. We have measured KD values for Ni, Co, V, Cr, Si,
and O, combined them with data from 18 previous studies, and parameterized them as a function of P, T,
and metal composition. Carbon affects the partitioning of V and Cr, but has little effect on that of Ni and
Co. Ni and Co partitioning suggest that Earth’s composition can be matched by single-stage core–mantle
equilibration at 54 ± 5 GPa and 3300–3400 K, which would put 8.6 ± 1.1 wt% Si and 1.6 ± 0.2 wt% O in
the core, compatible with its measured density.

Methane cycle: interaction between geothermal fluids and microbiota
Antonina Lisa Gagliano, D’Alessandro W, Quatrini P, INGV Sez. Palermo, Italy
Every year 22 Tg of CH4 are released in atmosphere from several sources including geothermal areas;
The total CH4 emission from these areas is not well constrained since the balance between emission
through degassing and microbial consumption in these soils is not well known.
Our aim is to investigate how methanotrophy respond to different geochemical conditions at two close
geothermal sites (FAV1 and FAV2) at Pantelleria (Italy). High fluxes of CH4-rich hydrothermal gases and
high surface temperature (>60°C) characterize both sites, but while FAV2 shows methanotrophic activity
(up to 9500 ng g-1 dw soil h-1) and its bacterial community is dominated by methanotrophs (40% 16S
rRNA gene sequences), FAV1 does not exhibit methanotrophic activity and its bacterial community is
composed by thermo-acidophilic chemolithotrophs. Methanotrophy at FAV2 could be favored by the
slightly acidic soil pH (pH ~5) however lower pH (3.4) and high temperature at FAV1, should not directly
prevent methanotrophy, since thermoacidophilic methanotrophs have been described. Our results
suggest that hydrothermal flux controls both the temperature and the availability of inorganic electron
donors that on their turn rule the distribution of bacterial diversity at taxonomic and functional levels. Thus
chemolithotrophs take over methanotrophs at FAV1 because their lifestyle could be the most energetically
convenient, suggesting a previously unrecognized competition between chemolithotrophy and
methanotrophy.
Using Neutron Scattering and MD Simulations to understand confined geofluids
Siddharth Gautam, Tingting Liu, Gernot Rother, Niina Jalarvo, Eugene Mamontove and David Cole, Ohio
State University, USA
Molecular motion of carbon-bearing fluids in confined geometries, especially at extreme conditions of
temperature and pressure, is an area of research with direct relevance to DCO community. Our research
group at the School of Earth Sciences, Ohio State University has been involved in studying the dynamical
properties of hydrocarbons in micro and meso-pores of various porous materials serving as proxies for
porous materials found in natural environments. An important tool in studying motion at molecular level is
neutron scattering. This is because the energy and wavelength of cold and thermal neutrons are in the
same range as that of the motions of confined molecules and the spatial structure respectively in porous
materials. Further, because of a large neutron scattering cross-section of hydrogen, neutron scattering is
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especially suited to study the diffusive motion of hydrogenous molecules. We have used the technique of
quasielastic neutron scattering, which uses the broadening of an elastic line in the scattered neutron
spectrum to obtain spatio-temporal information on the dynamics of molecules, to study meso-confined
propane. To supplement the experimental findings we used MD simulations to get deeper insights into the
structural as well as dynamical aspects of meso-confined propane. The counterintuitive behavior of
confined propane with loading as observed in the experiment is explained with the help of structural
features obtained from the simulations.
Shallow-water hydrothermal vents
Donato Giovannelli, Costantino Vetriani, Rutgers University, USA
Microbes are one of the most abundant life forms on Earth, possess a great metabolic plasticity and drive
major biogeochemical cycles. At shallow-water hydrothermal vent and cold seep systems (located at
depth <200 m) microbes constitute the only lifeforms, since specialized thiotrophic megafauna is virtually
absent if compared to deep-sea counterparts. Moreover, shallow-water systems are largely influenced by
photosynthesis. In these environments, chemolithoautotrophy and photoautotrophy occur simultaneously
and spatial separation is often influenced by steep thermal and geochemical gradients. Shallow-water
hydrothermal vents and cold seeps are widespread ecosystems that have been previously understudied
compared to their deep-sea counterparts. Those sites are major areas of release of greenhouse gases
such as CO2 and methane. Despite this, their full contribution to global biogeochemical cycles is still
poorly understood. Furthermore it has been suggested that the conditions found in shallow-water
hydrothermal systems could resemble those in which life originated and where metabolic divergence
began. Understanding the diversity and role of prokaryotes in those systems is of pivotal importance to
successfully estimate their contribution to global biogeochemistry, since many key steps in
biogeochemical cycles are exclusively carried out by prokaryotes.
Large-scale organization of metamorphic CO2 degassing in the Nepal Himalayas
Frédéric Girault, Perrier, F., Bhattarai, M., Koirala, B.P., France-Lanord, C., Bollinger, L., Sapkota, S.N.
Ecole Normale Supérieure de Paris, France
Carbon dioxide (CO2) release was investigated at the surface near 13 hot springs of the Nepal Himalayas
using the first comprehensive combination of measurements of CO2 and radon-222 fluxes. CO2 and radon
fluxes vary over 5 to 6 orders of magnitude and reach exceptional mean values of 100 kg m-2 d-1 and 12
Bq m-2 s-1, values commonly reported at uranium mining/milling sites and volcanic or geothermal sites,
respectively. Their remarkable relationship suggests that CO2 is likely the carrier gas of radon in this
region. At the best studied site, the Syabru-Bensi Hydrothermal System in central Nepal, we showed that
CO2 release persists all over the year, in particular during monsoon (June to September), indicating that
meteorological conditions play a minor role. From 2200 CO2 and 900 radon flux measurements over
these 13 sites, we obtained total integrated CO2 and radon discharges varying from 10-3 to 1.6 mol s-1
and 20 to 1600 Bq s-1, respectively. From western to eastern Nepal, we observed a coherent
organization at spatial scales of -10 km in a given region: low radon and CO2 discharges in midwest and
east Nepal; large radon but low CO2 discharges in west Nepal; and large radon and CO2 discharges in
central Nepal. A 110-km-long CO2-producing segment, with high carbon isotopic ratios suggesting
metamorphic decarbonation, is thus evidenced from 84.5°E to 85.5°E. This spatial organization could be
controlled by geological heterogeneity or large Himalayan earthquakes.
The last step of volcanic unrest in Turrialba volcano: a new stage of magmatic eruptions
Gino Gonzalez, Mora-Amador, R., Ramírez Umaña, C., Lucchi, F., Rouwet, D., Forni, F. & Alpízar Segura
University of Costa Rica
In 1864-1866, Turrialba volcano had a strombolian eruption. During this eruption, the ash fell up to 110
km west of Turrialba covered the Central Valley of Costa Rica. After more than 100 years of hydrothermal
activity, in 2005 the gas emission showed an increase of (HCl+HF)/CO2 and (SO2+H2S)/CO2 ratios which
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indicates a change from a hydrothermal to a magmatic fluids source. Also a increased values of R/Rair
4
3
3
9
( He/ He) from 6.85 to 8.2 and CO2/ He from 9.4 to 19.6 x10 . After that, on January 2010, a new phreatic
eruption occurred from a new vent in the inner wall of the SW crater. Small amounts of ash fell in San
José. On 12 January 2012, and May 2013 phreatics eruptions ocurred. During the night of 29-30 October
2014, a first strombolian eruption occurred as demonstrated by direct observation, temperatures near
900°C measured by FLIR camera and the release of ballistic scoriaceous bombs and abundant magmatic
gases. This was the first magmatic eruption of Turrialba volcano since the major 1864-66 eruptive period.
Petrochemical analyses of the bombs were compared to those of the bombs of the 1864-66 eruption, to
understand the eruptive dynamics and feeding system. These rocks are basaltic andesitic composition
with a similar to the 1864-66 juvenile products. Other eruptions occurred in December 2014, March (8, 1213) and April (23) 2015. Ash fell in different provinces, including San José, and caused the closure of the
international airport of Costa Rica for one day.
Relation between soil carbon dioxide degassing and active faults at Terceira volcanic island
(Azores archipelago)
Ana Hipólito, Fátima Viveiros, José Madeira, Catarina Silva, Carlo Cardellini, Lucia Moreno, João Luís
Gaspar, University of the Azores
Active tectonic structures provide preferential pathways for the release of volcanic-hydrothermal gases in
volcanic areas, acting as discontinuities with higher permeability than surrounding areas. The relation
between soil CO2 degassing and tectonic structures have been analysed at Terceira Island through a
multidisciplinary study based on neotectonic and soil-gas surveys. The flux and carbon isotopic
compositions of soil CO2 were measured along traverses across the main faults. Anomalous levels of soil
CO2 fluxes (> 90 g m-2 d-1) were detected mostly in faults with post-settlement surface rupture events
(since 15th century), such as the Lajes Fault, a N138° trending, southwest dipping normal dextral fault
affecting the extinct Mid-Pleistocene Serra do Cume - Ribeirinha Volcano. Paleoseismological studies
identified five paleoearthquakes over the last 13.7-14.02 ka, including co-seismic surface rupture in the
1614 AD seismic event. CO2 flux transects across the scarp of the younger surface rupture show higher
values on the hanging wall block. Likewise, carbon isotopes are indicative of biogenic origin on the
footwall block, and point to a deep contribution in the hanging wall. Factors such as the lithology (hanging
wall dominated by highly fractured lava flows; footwall capped by weathered pyroclastic sequences), fault
plane seal, and pattern of rupture (latest ruptures in Lajes Fault occur on the upper parts of the scarp)
seem to control the channeling processes of CO2.
Deep carbon: SiC in mantle and mantle-generated rocks
Jin-Xiang Huang, William Griffin, Laure Martin, Vered Toledo, Suzanne O’Reilly, CCFS/GEMOC
Macquarie University, Australia
Moissanite (SiC) has been separated from different mantle and mantle-generated rocks to examine the
relationships between Si and C isotopes in the mantle. Rock samples were disaggregated by SelFrag to
avoid contaminations, and SiC was then handpicked. Different SiC grains in the same sample can have
different polytypes, mainly 6H, with minor 4H and 15R. SiC grains may contain inclusions of native Si,
silicides of Fe, V and Ti, and corundum, consistent with high-T crystallization. SIMS analyses show a
30
variation in δ Si from -1.20 to +1.58 ‰, which is larger than analytical uncertainties (0.2‰, 2SD).
30
Individual grains usually are homogeneous in terms of δ Si, but different grains even in the same mantle
rock can differ by up to 1.5‰. Such variation is not related to differences in polytypes. However, each
13
sample has homogeneous C isotopic compositions; the δ C values of different samples range from -24
to -32‰, which is similar to that of diamonds (-24 to -28‰) found in some Tibetan samples with SiC. The
observed isotopic heterogeneity may be related either to the passage of different melts/fluids through a
given mantle volume, or to unidentified fractionation processes. The broad C-Si isotopic similarities of SiC
from different tectonic settings, and the isotopic differences between SiC and “mantle values” for both
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δ Si and δ C suggest the operation of broadly similar processes, capable of producing extremely
reducing conditions on at least local scales in the mantle.
Structure and viscosity of carbonate-silicate melts using in situ X-ray scattering
Daniel Hummer, Craig Manning, Abby Kavner, Yoshio Kono, Changyong Park, Curtis Kenney-Benson,
Carnegie Institution of Washington, USA
Carbonatites are carbon-rich magmas that make up a crucial portion of the deep-Earth carbon cycle, but
very little is known about the structure of carbonate-silicate liquids at high P-T conditions. To examine the
melt structure of carbonate-silicate binary systems as a function of pressure and composition, we
performed in situ X-ray scattering experiments at HPCAT (Advanced Photon Source). Mixtures from the
CaCO3-CaSiO3 and CaCO3-Mg2SiO4 binary systems were held at 1800°C and a pressure of either 3 or 6
GPa while energy dispersive X-ray scattering spectra were recorded.
Pair distribution functions for pure calcite confirm that carbonates form a simple ionic liquid. The silicate
portion of carbonate-silicate melts, however, is extensively chain polymerized, even in melts made from
unpolymerized Mg2SiO4 starting material. For silicate-rich mixtures in both systems, the extent of silica
polymerization (as measured by scattering at the Si-Si pair distance of 3.3 Å) moderately increases with
carbonate content. Data at 3 and 6 GPa reveal that pressure moderately increases the polymerization of
SiO4 tetrahedra in carbonatite melts. This pressure sensitive reaction likely decreases the viscosity of
carbonatite melts as they near the surface in arc-volcanic settings. Thus, both pressure and the presence
of carbonate cause more extensive polymerization of silica in carbonate-silicate melts, and the degree of
polymerization is insensitive to the source of silica.
VMS deposits in the Sumail Ophiolite, Oman: influences of the MORB to supra-subduction setting
transition on ore-forming processes at the oceanic upper crust
Ana Patrícia Jesus, António Mateus, GUtech- German University of Technology in Oman
Volcanogenic Massive Sulphide (VMS) Deposits of Cyprus-type, typically hosted in the upper sections of
ophiolite sequences, are characterised by small tonnages (quite often »0.5-1Mt) that may present
significant Cu (± Au) contents. The Sumail Ophiolite (Oman) comprises a total of »50Mt VMS distributed
in »20 deposits and records a boost of discoveries since the year 2000, successfully driven by targeting
the palaeo-seafloor horizons made of umbers and sedimentary cherty layers that outline eruptive
quiescence periods between major volcanic units. Recent volcano-stratigraphic refinements (Gillegen et
al., 2014) reveal two major ore-forming episodes: (i) following the MORB lower volcanic unit
(Geotimes/V1), inter-fingered to overlain by the off-axis Lasail Unit; and (ii) breaks at different levels
during the formation of the Alley and particularly the uppermost Boninitic Alley Units. A comprehensive
mineralogical, geochemical and isotopic study of the Shinas and the Mandoos deposits is proposed: both
cases, located within the Alley Unit, may provide critical data to the understanding of the shifting from a
MORB to a supra-subduction setting. The analysis of a representative set of (drill-core and field) samples
will support the characterisation of hydrothermal alteration and ore mineral assemblages, the latter scarce
for most Omani deposits. Further, whole-rock multi-element data along with mineral concentrates stable
(d34S, d18O, dD) and radiogenic (Pb-Pb, Sm-Nd, Rb-Sr) isoto…
Crustal methane in Finland
Riikka Kietäväinen, Etiope, G., Ahonen, L. Geological Survey of Finland
Methane is a key component in the interface of abiotic and biotic world. Precambrian crystalline shields
are among the most intriguing environments for methane occurrences because they consist of rocks
formed at high temperature and pressure and are generally carbon poor. In this study we used isotopic
and thermodynamic methods to study source and cycling of methane within the Fennoscandian Shield.
The main study site was the 2.5 km deep Outokumpu Deep Drill Hole in eastern Finland where both
methane producing and consuming microbes have been found to thrive in saline formation waters.
Residence times of groundwater up to 58 Ma makes this one of the oldest known ecosystems on Earth. A
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regional scale was brought up by comparing the results of this study to previously reported occurrences of
crustal methane in Finland. Rock types in the sites vary, including mica schist, serpentinite, sandstone
and granite, and their age range from approximately 1300 to 2700 million years. Methane was found from
all of these sites at levels significantly higher than in the atmosphere. In many sites methane comprised
more that 80 % of the gas phase. Thus, this study shows that the existence of methane is common in
deep groundwaters in Finland. Both biotic and abiotic processes may contribute to the methane budget.
Characteristics most often related to high amounts of methane included high salinity and vicinity of carbon
rich black schists.
Origins of majoritic inclusions in diamond
Kate Kiseeva, B.J. Wood, S. Ghosh, University of Oxford, UK
As pressures increase above ~7-8 GPa pyroxene components gradually dissolve as “majorite” into the
garnet structure. Two majoritic garnet endmembers: Na2MgSi5O12 and Mg2Si2O6 can be distinguished for
eclogitic and peridotitic parageneses, respectively. Based on these substitutions we recently showed that
the majority of reported majoritic inclusions in diamonds actually belong to an intermediate lithology which
we argued is pyroxenitic.
Here we elaborate on the origin and composition of the pyroxenite lithology. According to the
geobarometer most of majoritic inclusions formed at mantle transition zone pressures, predominantly
within the stability field of clinopyroxene. Using experimental partition coefficients for Na, Al, Mg and Fe
between majorite and clinopyroxene, we can calculate the compositions of clinopyroxene in equilibrium
with the majoritic garnet, which allows us calculate the locus of possible bulk compositions. These lie
across the field of upper mantle pyroxenites defined by Hirschmann and Stolper [1]. We also find that
clinopyroxene inclusions in diamond, which coexist with majoritic garnet inclusions are all close to those
predicted by our study. Experimental tests generate majorite and clinopyroxene of appropriate
composition from pyroxeneite starting materials.
[1] Hirschmann, M.M., Stolper, E.M. (1996) Contrib Mineral Petrol 124:185-208
Organic matter in marine sediments	
  
Doug LaRowe, Amend, J.P. University of Southern California, USA
Microbial activity profoundly affects the distribution and oxidation state of carbon on and near Earth’s
surface. One of the most globally significant habitats containing microorganisms and carbon are marine
sediments, vast biogeochemical reactors that contribute significantly to large-scale element cycles on
multiple time scales. The rates and magnitude of the influence that marine sediments have on global
processes, including the formation and transport of petroleum and the fidelity with which sediments record
earth history, are critically influenced by the microbial transformation of organic matter. Understanding
marine sedimentary carbon dynamics
requires a quantitative description of global marine sediments as a habitat for microorganisms. In order to
accomplish this, a number of global data sets have been combined with a reactive continuum model
describing organic matter degradation to quantify the physical and chemical characteristics of marine
sediments and the distribution of organic matter in it. Results from this study show how porosity and
temperature are globally distributed in three dimensions. Furthermore, a reactive continuum model has
been used to map the distribution of organic matter in marine sediments in three dimensions for
sediments throughout the Pleistocene. These results are discussed in the context of the role of microbial
activity in shaping diagenesis, influencing the carbon cycle, and the extent of life in the deep subsurface.
Undegassed Carbon Content from a Highly Depleted Segment of the Mid-Atlantic Ridge (1-5°S):
Evidence from Melt Inclusions
Marion Le Voyer, E. H. Hauri, E. Cottrell and K. A. Kelley, University of Maryland, USA
The amount of carbon present in the Earth’s upper mantle affects mantle convection, melt production, and
eruption style. However it remains unconstrained, as most magmatic samples are strongly degassed, with
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the rare exception of the ultra-depleted Siqueiros melt inclusions from a Pacific transform fault, and the
enriched 2πD43 popping rock from the Atlantic ridge. We report results from a new set of Cundersaturated olivine-hosted melt inclusions from the Equatorial Mid-Atlantic Ridge. Systematics
between carbon and Rb, Ba and Nb define a mantle composition of 137±54 ppm CO2, in very good
agreement with the results from “popping rock” (Hekinian, 1973), and a factor of two greater than
estimated from undegassed melt inclusions from Siqueiros. Using estimated averages for Ba content in
the mantle, we find basin-scale heterogeneities in the mantle carbon content, the mantle beneath Atlantic
being 70% higher than the one beneath Pacific, and bound the global variability of carbon in the upper
mantle between 20 and 1200 ppm CO2.
Air pollution by hydrothermal volcanism and human pulmonary function
Diana Linhares, Patrícia Ventura Garcia, Fátima Viveiros, Teresa Ferreira, Armindo dos Santos
Rodrigues CVARG University of the Azores
The aim of this study was to assess whether chronic exposure to volcanogenic air pollution by
hydrothermal soil diffuse degassing is associated with respiratory defects in humans. This study was
carried in the archipelago of the Azores, an area with active volcanism located in the Atlantic Ocean
where Eurasian, African and American lithospheric plates meet. A cross sectional study was performed in
a study group of 146 individuals inhabiting an area where volcanic activity is marked by active fumarolic
fields and soil degassing (hydrothermal area) and a reference group of 359 individuals inhabiting an area
without these secondary manifestations of volcanism (non-hydrothermal area). Odds ratio (OR) and 95%
confidence intervals (CI) were adjusted for age, gender, fatigue, asthma and smoking. The OR for
restrictive defects and for exacerbation of obstructive defects (COPD) in the hydrothermal area was 4.4
(95% CI 1.78–10.69) and 3.2 (95% CI 1.82–5.58), respectively. Increased prevalence of all COPD
severity ranks (mild, moderate and severe) was observed in the population from the hydrothermal area.
Sick building syndrome, caused by the increased indoor CO2 concentrations, may be related to the
observed respiratory defects; however more precise information on exposure is needed in future studies.
Data Science: Leveraging the Linked Open Data for Geoscience: Methodological Approaches
Xiaogang (Marshall) Ma, Peter Fox, Rensselaer Polytechnic Institute, USA
Open access, social media, open data, data publication, data citation, altmetrics, etc. – all those webrelated initiatives are transforming the way we conduct science. However, the power of the web for
supporting the next generation science is yet to be further explored. Sir Tim Berners-Lee, father of the
World Wide Web, proposed the vision of Linked Open Data, which aims to turn the web from a web of
documents to a web of data. Linked Open Data is already facilitating geoscience research of nowadays.
Successful experiences can be seen in geological map services, multidisciplinary data catalogues,
federated data queries, and provenance that enables the traceability and reproducibility of scientific
findings, etc. The Deep Carbon Observatory (DCO) has deployed the Linked Open Data in its
implementation. Similar to other Linked Open Data applications, the full potential of DCO Linked Open
Data lies in a bottom-up approach and calls for participation and collaboration of all DCO members. In this
two-fold presentation, I will introduce existing methodological approaches in an oral presentation and
technological approaches in a poster presentation, including functionalities currently available in the DCO
Data Portal.
CO2 bubble growth in basaltic, andesitic and rhyodacitic melts
Matteo Masotta, Ni. H., Keppler H. Bayerisches Geoinstitut, Germany
Over geologic timescales, the global carbon cycle is controlled by the balance between CO2 recycling in
subduction zones and CO2 release from volcanic activity. The volcanic emission of CO2 produced by
magma-crust interaction is thought to have played a major role in perturbations to the global carbon cycle
in Earth’s past and, at present, it constitutes an important piece in the carbon cycle puzzle. Emission of
crustal CO2 is today observed in many active volcanoes, where it is interpreted as due to the interaction

DCO Early Career Scientist Workshop
University of the Azores, September 2015

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

between the magma and carbonate lithologies. The amount of crustal CO2 released during an eruption
depends primarily on the extent of the magma-crust interaction and the volatile transport in magmas.
Coupling results from magma-carbonate interaction experiments and in-situ observations of bubble
growth in a moissanite cell, we show how both magma-crust interaction and volatile transport are strictly
connected to the behavior of bubbles in magmas. Experiments demonstrate how, at decreasing melt
viscosity (i.e. changing the melt composition), bubble growth rates increase up to one order of magnitude
and bubble migration is strongly enhanced. Accordingly, the fast removal of CO2 bubbles from the
magma-carbonate reaction site speeds up the decomposition of the carbonate, yielding to larger CO2
releases.
Pathways for abiotic organic synthesis at submarine hydrothermal fields
Jill McDermott, Jeffrey S. Seewald, Christopher R. German, Sean P. Sylva, University of Toronto, Canada
Arguments for an abiotic origin of low-molecular-weight organic compounds in deep-sea hot springs are
compelling owing to implications for the sustenance of the deep biosphere and their potential role in the
origin of life. Theory predicts that warm H2-rich fluids, like those emanating from serpentinizing
hydrothermal systems, create a favorable thermodynamic drive for the abiotic generation of organic
compounds from inorganic precursors. Here, we constrain two distinct reaction pathways for abiotic
organic synthesis at the Von Damm hydrothermal field and delineate, spatially and temporally, where
inorganic carbon is converted into bio-available reduced carbon. Previous studies have suggested that
CH4 and higher hydrocarbons in ultramafic hydrothermal systems were dependent on H2 generation
during active serpentinization. Rather, our results indicate that vent fluid CH4 is formed in H2-rich fluid
inclusions, and higher alkanes may likely be derived from the same source. This implies that, in contrast
with current paradigms, alkanes in all ultramafic-influenced vents may form independently of actively
circulating serpentinizing fluids. Conversely, widespread production of formate by ΣCO2 reduction at Von
Damm occurs rapidly during shallow subsurface mixing of the same fluids, which may support anaerobic
methanogenesis. Our findings have significant implications for microbial life strategies in the present-day
deep biosphere as well as for early life on Earth and beyond.
The relationship between mantle petrology and atmospheric chemistry
Sami Mikhail, Dimitri Sverjensky, University of St. Andrews, UK
To evaluate the likelihood for the discovery of habitable exoplanets requires an understanding of how the
Earth became the lovely pale-blue dot we know now. Therefore, an understanding of the chemical
evolution of Earth’s atmosphere and hydrosphere is fundamental. The buzzword-elements, more
accurately termed ‘volatile elements’ (e.g. SCHNOPS) and the key players in habitability and therefore
their behavior over time within the Earth system is of great importance. A major process in forming
planetary atmospheres is mantle degassing via volcanism and the primary control on what elements are
degassed by this process is their compatibility in mantle minerals (e.g. diamond). However, because
subduction happens on Earth it is also necessary to trace the partitioning of volatiles through subduction
systems over geological time to understand the long-term evolution of the Earth’s atmosphere. I will
present theoretical data constraining the speciation (a governing factor for partitioning) of nitrogen in
peridotites, eclogites, and metasediment.
I use these data to derive three main conclusions: [1] subduction zones have pumped nitrogen and water
out of the mantle through the oxidation of ammonium (e.g. NH4 + O2 = 2H2O + = ½N2); [2] Diamond is
actually a poor recorder of the mantle nitrogen cycle; and [3], Nitrogen does and does not behave like the
noble gases and/or carbon in magmatic systems (depending upon specific thermodynamic conditions).
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Mineral transformations in CO2 fluids
Quin Miller, JP Kaszuba, HT Schaef, ME Bowden, BP McGrail, University of Wyoming, USA
Understanding the reactivity of CO2-rich phases is essential for predicting the fate and transport of CO2 in
natural and engineered geologic environments. These subsurface environments are complex
geochemical settings in which CO2-dominated fluids containing dissolved water and organic compounds
interact with rocks and minerals. The details of these reactions are relatively unknown and benefit from
additional experimentally derived data. In this study, we utilized in situ high pressure X-ray diffraction to
examine the impacts of organic ligands and interfacial water film thickness on forsterite reactivity in
supercritical CO2 fluids. The carbonation reaction was affected by the type of organic ligand and water
film thickness, which allowed the reaction kinetics and pathways to be determined. The results clarified
not only the impacts of naturally-abundant C-species on stable carbonate precipitation, but showed how
the degree of fluid confinement (analogous to conditions in pores and pore throats) affects mineral
transformations in the subsurface.
CO2 quantification of the gases emitted by the submarine fumaroles of Ribeira Quente, São
Miguel Azores
Lucía Moreno, F. Viveiros, C. Silva, R. Couto, P. Range, T. Ferreira, CVARG University of the Azores
Chemical composition of the submarine fumaroles located close to Ribeira Quente village (S of Furnas
Volcano)are discussed in this study. Gas samples were collected during summer of 2014 at the sea floor
(depth about 5-6 meters) in three different sites, with high, medium and low gas fluxes. Analytical
procedures included gas chromatography, for the species present in the headspace of the Giggenbach
bottle (CH4, N2, O2, Ar, He and H2). CO2 and H2S, dissolved in the alkaline solution, were analyzed by
titration. Results show different chemical compositions, depending on the gas fluxes. The dry phase is
dominated by CO2, with more than 98 vol.%. N2, O2, Ar and He are also detected in minor amounts in all
samples, whereas H2S, H2 and CH4 are only detected in the medium and high gas flux vents. Submarine
emissions located in the high flux areas show typical gas composition of the subaerial hydrothermal
fumaroles found at Furnas Caldera. These results show that submarine emissions located close to land
show gas compositions that can be compared with the inland degassing sites. In fact, the location of the
fumaroles is probably correlated with the presence of several tectonic structures identified in the area
(with general NW-SE directions). Characterization of the fumarolic emissions is important not only to
identify the gases emitted and thus use this information to understand its impact in biological
environment, but also to evaluate possible unrest signals of volcanic activity.
Microbes, Lipids, and Isotopes: Ongoing science of the Osburn Isotope Geobiology Laboratory
Maggie Osburn, Northwestern University, USA
My laboratory at Northwestern University integrates the tools of organic geochemistry with those more
common in environmental microbiology including lipid analyses, compound-specific isotope analyses,
culturing, microscopy, and sequencing. We are broadly interested in the interactions between microbes
and their environment, as well as the preservation of evidence of those interactions in the sedimentary
record. Current projects in the lab are diverse ranging from developing paleoclimatic records from lake
cores form Greenland and Wisconsin to isolating and culturing calcifying microbes from a lake in southern
Mexico. A major research emphasis of late has been the study of the deep subsurface biosphere using
lipid biomarkers, which will be the subject of my poster. Here I will present work from a former gold mine
in South Dakota, USA illustrating the changes in lipid compositions found along the gradient between the
mine environment and the (more) pristine subsurface environment. We are using intact polar lipid
distributions as well as the isotopic composition of the constituent core lipids to study these deep
subsurface microbial populations. We observe a large abundance of aminolipids in biofilm communities,
where fluid-based communities are dominated by phospholipids and glycolipids. Analyses of additional
subsurface sites and isolated organisms will contribute to our understanding of the lipid signature of the
deep subsurface biosphere and collaborative opportunities and s…
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Seasonal Variations In Soil CO2 Diffuse Degassing Areas At Furnas Volcano
Joana Pacheco, F. Viveiros, C. Silva, T. Ferreira, CVARG/CIVISA University of the Azores
Several studies have shown that environmental variables (e.g., meteorological) can highly affect the
emission of gases through the soils, and some of them even identified seasonal and/or diurnal variations
in the volcanic CO2 emissions. Several surveys were performed at Furnas Volcano, a trachytic central
volcano located at São Miguel Island, Azores, not only to evaluate the existence of seasonal variations in
the soil CO2 fluxes, but also to complement other soil CO2 diffuse degassing works carried out in the area.
Temporal data obtained during one year (from October 2011 to October 2012) in two permanent CO2 flux
stations (named GFUR2 and GFUR3) installed at Furnas Volcano were studied, four detailed campaigns
(January, May, August and November 2012) of CO2 flux and temperature from Furnas village fumarolic
field were performed, and eight surveys (CO2 flux and temperature) along a profile that crosses Furnas
caldera were monitored. Soil CO2 fluxes were measured using the accumulation chamber method. Data
acquired at GFUR2 station and the data of the detailed spatial surveys suggest the existence of seasonal
variations, registering relatively higher values of CO2 fluxes during winter period, behavior similar to the
observed in previous works. Regarding the data recorded at GFUR3 station and the data from the
monitoring profiles, no significant variations were verified between the summer and the winter.
Detection of organohalide-respiring Chloroflexi in subsurface environments and distribution of
dcpA, a 1,2-dichloropropane to propene reductive dehalogenase
Elizabeth Padilla-Crespo, Frank E. Loeffler, UPRM/UIPR, Puerto Rico
Chlorinated solvents are among the most encountered groundwater pollutants.
Only a handful of bacteria have been described to reductively dechlorinate 1,2-Dichloropropane (1,2-D) to
innocuous propene, among these the Dehalococcoides (Dhc) strains RC and KS. In order to shed light
into the genetic basis of 1,2-D dechlorination, efforts focused in identifying the gene encoding the enzyme
system (i.e., reductive dehalogenase) responsible for 1,2-D to propene transformation. Gene cloning,
transcriptional studies, and enzyme activity assays implicated the dcpA gene in 1,2-D reductive
dechlorination in Dhc RC and KS. Propene-producing enrichment cultures were derived from a variety of
environments and the presence of dcpA correlated with 1,2-D reductive dechlorination observed in situ
and/or in microcosms. Nested PCR and qPCR assays were designed and validated to detected and
quantify the gene in laboratory cultures and in environmental samples. These surveys shed light into the
distribution of this gene in diverse environments including pristine and marine environments (coral,
sponge, deep sediment, open ocean), making it the first RDase with assigned function identified in a
diversity of habitats. These sequences will add to the known RDase gene pool, provide clues about the
origin and evolution of the reductive dechlorination process, and the adaptation of dehalospiring
populations in subsurface environments.
Engagement: Social Media for Scientists/Filming in the Field
Katie Pratt, University of Rhode Island, USA
Social Media for Scientists: Over the last decade, social media networks have become increasingly
popular, to the point where today the majority of online adults regularly check at least one network daily
and an increasing number of adults get their news primarily from these networks. While these websites
were primarily designed to promote social interactions, they have also become important hubs for
innovative thinking among diverse communities. There is a vibrant community of scientists already
embracing social media, however there remains significant levels of reticence, derision, and outright
dismissal of the value of social media to science. Topics covered include a basic introduction to social
media platforms with an emphasis on their direct benefit to science and scientists, case studies of
successful use of social media in science, how to identify which platform(s) is right for which activity, how
to get started on social media, and best practices and etiquette online.
Filming in the Field: Scientists often find themselves in unusual locations, places that most people will
never be able to visit, from the top of an active volcano to the sleepless halls of a synchrotron. Video is
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rapidly becoming the most shared form of content online, and is one of the most effective forms of
communication. By showing people how and where science is conducted we can better explain DCO
research to the world. Sometimes journalists and camera crews do accompany scientists on field
expeditions or visit them in the lab, but this is not common. Training scientists to use small, durable, and
affordable HD cameras (like the GoPro) allows them to collect high-quality footage wherever they happen
to be working. Simple editing programs are also becoming cheaper (if not free), and together with video
sharing sites also allow the enthusiastic scientist to create his/her own short films. Topics covered include
the importance of video footage to scientific storytelling and DCO outreach, the basic skills required to
operate a GoPro camera, and how to storyboard and edit a short film. 5 GoPro cameras and accessories
will be available for workshop participants to take on field trips.
Abiotic production of methane in a coastal serpentinite-hosted hydrothermal system: The Prony
Hydrothermal Field (New Caledonia)
Roy Price, Gaël Erauso, Christophe Monnin, Barbara Sherwood Lollar, Tori Hoehler, Marianne
Quéméneur, Bénédicte Ménez, Anne Postec, Chelsea Sutcliffe, Mylène Hugoni, SUNY Stony Brook, USA
The Prony Hydrothermal Field (PHF) is located in the Massif du Sud, a section of the New Caledonian
ophiolite. There, serpentinization creates warm (up to 41°C), alkaline (pH up to 11.2), H2- and CH4enriched fluids of meteoric origin which discharge into the marine environment of the lagoon. Building on
previous data collected during the HYDROPRONY 2011 cruise, samples were collected in April 2014 at
three sites within the PHF: a submarine, 38 m high, pinnacle (Aiguille de Prony), an intertidal site (Bain
des Japonais), and a terrestrial spring (Rivière des Kaoris). Free gas bubbles collected from Japonais and
Kaoris contained up to 16% CH4 and 41% H2, similar to previous measurements (Monnin et al., 2014).
Dissolved CH4 and H2 concentrations for the three sites ranged from 25 to 408 μM CH4 and 0.5 to 27.5
μM H2. These concentrations, if expressed in gas pressure units, bracket the gas bubble compositions for
2
13
CH4 but are low for H2. The δ H and δ C isotopic composition of CH4 for Japonais and Aiguille suggest
abiotic synthesis, although Kaoris values are likely a mixture of abiotically and microbially produced CH4.
13
2
Furthermore, both Aiguille and Japonais have δ C and δ H values that do not coincide with previous
13
2
measurements, falling to the lower right of the field typically attributed to abiotic genesis in the δ C - δ H
plot (e.g., see Etiope and Sherwood Lollar, 2013). We will discuss these data in detail and their relevance
to the microbial communities at the site.
The source of carbon during continental water-peridotite interaction
Esther Schwarzenbach, Benjamin C. Gill, Esteban Gazel, Virginia Tech, USA
Alteration of mantle rocks during serpentinization plays a fundamental role in the abiogenic and biogenic
cycling of carbon during marine and continental serpentinization. Abiogenic production of reduced
chemical species such as hydrogen and methane serves as energy source for microbial communities that
live in the subsurface of peridotite-hosted hydrothermal systems. Even though fluids issuing from these
systems are strongly carbon-depleted, carbonate precipitates are abundant and occur either as veins in
the serpentinized peridotite or as carbonate deposits on the basement rocks.
The Santa Elena ophiolite in Costa Rica hosts Mg-rich to highly alkaline, Ca-rich and Mg-poor springs that
contain magnesite and calcite deposits, respectively. The calcite deposits form through instantaneous
interaction of the highly alkaline, Ca-rich fluids with atmospheric CO2, whereas the isotopic composition of
the magnesite deposits provides evidence on the origin and speciation of carbon during subsurficial
water-peridotite interaction. The isotopic composition of the magnesite deposits and the ultramafic
basement indicates that organic carbon and inorganic carbon derived from decomposition of organic
carbon maybe the most important carbon source in this system. The carbon signature of these peridotites
provides insight into the deep carbon cycling and the limits of microbial life in the subsurface of peridotitehosted hydrothermal systems.
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Analysis of crude oil stability under thermobaric conditions of earth crust and upper mantle
Aleksandr Serovaiskii, A. Kolesnikov, V. Kutcherov, Russian Gubkin State University, Russia
Formation of natural-gas-like hydrocarbons mixture from inorganic substances or from individual
hydrocarbons under conditions of the upper mantle had restarted discussions on the problem of
petroleum formation and hydrocarbons properties in general.
While individual hydrocarbon compounds under pressure were studied already to a certain extent, raw
natural petroleum had never been loaded in diamond anvil cell or big press but two published works
devoted to thermal conductivity measurement.
The purpose of my research was to find main thermobaric regularities of petroleum behavior:
temperatures and pressures of vitrification, crystallization, possible chemical changes like cracking,
dissociation or condensation. Crude oil stability was investigated in the earth crust thermobaric conditions
(up to 450ºC and 1,5 GPa) and upper mantle thermobaric conditions (up to 1000ºC and 5,5 GPa). The
result of the experiments showed that crude oil could save its stability in such conditions. The crude oil
deposits can be situated much deeper in the earth crust than the organic oil and gas origin theory claims.
Some possible reactions of crude oil and iron compounds in upper mantle conditions were modeled and
carried out (up to 2000+ºC, up to 10 GPa). Iron carbides and hydrides were obtained. These substances
may take part in deep carbon and hydrogen cycle.
Geochemically contrasting hydrothermal fields in the Mid-Cayman Rise host disparate plume
microbial communities
Cody Sheik, University of Minnesota Duluth, USA
Basalt hosted hydrothermal systems, e.g. black smokers, are important sources of elements that support
life, and have been the primary “style” of hydrothermal vent studied in the deep ocean. However, with the
recent discovery of ultra-mafic hosted hydrothermal vents – which eject fluids replete with hydrogen,
methane and alkanes but lack metals – has forever altered our geochemical understanding of mid-ocean
ridges.
Microorganisms are important components of all hydrothermal vents and plumes, and are responsible for
much of the primary productivity that drives deep-ocean food webs. While microbes have long been
recognized for their ability to oxidize reduced elements in vent fluids, our understanding of who is
responsible is less understood. Furthermore, because ‘black smokers’ are the primary vent system
studied, our knowledge of how geochemistry impacts the structure, e.g. who is present and their
abundance, and function of microorganisms inhabiting plume environments is lacking. Here I will discuss
how microbial community structure and function contrast at two, disparate hydrothermal vent fields (Von
Damm and Piccard) in the Mid-Cayman Rise.
Soil CO2 and 222Rn diffuse degassing at Furnas Volcano - Importance and applications
Catarina Silva, T. Ferreira; F. Viveiros; P. Allard, CIVISA University of the Azores
Furnas volcano is a quiescent central volcano of traquitic (s.l.) composition. On the last 5000 years at
least 10 eruptions occurred inside Furnas Volcano caldera. Nowadays this volcano presents secondary
manifestations of volcanism such as fumarolic fields, thermal springs, CO2-rich springs and soil diffuse
degassing areas.
Soil CO2 and 222Rn concentration measurements were performed at Furnas Volcano covering all the
caldera, the caldera rim and the south flank on Ribeira Quente Village. E-type and probability maps were
performed allowing to identify soil diffuse degassing anomalous zones and diffuse degassing structures.
These kinds of maps, that allow the identification of significant CO2 and 222Rn release areas, are very
important tools in what concerns seismovolcanic monitoring, geothermal prospection and land-use
planning. The quiescent period of Furnas Volcano is ideal to define the background level of CO2 and
222Rn degassing and may contribute to the recognition of future signals of volcanic unrest. On another
hand this kind of work allows to identify important areas of soil diffuse degassing where the flux of CO2 at
surface can be of important contribution to the total output measured at Furnas volcanic system.
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Is there a limit to how slowly you can eat? Organic carbon and heterotrophic microorganisms in
subsurface sediments
Andrew Steen, Jenna Schmidt, University of Tennessee, USA
Biologically-catalyzed oxidation of organic carbon by heterotrophic microorganisms has the potential to
limit the quantity of organic carbon that is preserved in sediments over geological timescales. Isotopic and
bioinformatic evidence shows that organoheterotrophs are present and active in subsurface sediments.
However, these microorganisms live an extraordinarily slow lifestyle: doubling times may be on the order
of thousands of years. In surface environments, heterotrophs use extracellular enzymes to break down
complex organic carbon outside of the cell prior to uptake. When microbial life is super-slow, however, it is
not yet clear whether and under what conditions extracellular enzymes can produce more resources than
they consume. I will present evidence that extracellular enzymes are active and adapted to the organic
matter present in subsurface sediments. I will discuss whether subsurface extracellular enzymes could
stay active long enough to make enzyme production "profitable" for the microorganisms that produce
them. Finally, I will argue that currently-available methodology to determine the activity and identity of
extracellular enzymes is inadequate for the questions we have about them, and I will describe some
alternate approaches to enzyme assays which may be more informative. These results will help to
constrain the conditions under which organoheterotrophy mediated by extracellular degradation of large
organic molecules is a viable strategy for subsurface life.
Oxygen fugacity and formation of abiotic hydrocarbon and graphite from carbonates in the
subduction zone
Renbiao Tao, Lifei Zhang; Yingwei Fei, Peking University, China
We report graphite and methane/ethane-bearing inclusions in the carbonated eclogite from the
Southwestern Tianshan (China) subduction zone, which are estimated to have originated at a depth of at
least 80 kilometers. The formation of graphite and methane/ethane is likely resulted from the carbonate
reduction, supported by the low oxygen fugacity constrained from the observed mineral association. The
high-pressure and temperature experiments on the reaction of iron-bearing carbonate and water at
conditions relevant to subduction zone environments provided additional support evidence for the
formation of abiotic hydrocarbons and graphite/diamond from the carbonate reduction. The speciation and
concentrations of hydrocarbons including methane (CH4), ethane (C2H6), and propane (C3H8) in the
experimental products were unambiguously determined using gas chromatograph techniques. The
formation of hydrocarbons is accompanied by graphite and oxidized iron in the 24 form of magnetite
(Fe3O4). The identical mineral assemblage (iron-bearing dolomite, magnetite, and graphite) associated
with the formation of hydrocarbons observed in both natural carbonated eclogite and experimental run
product points toward the same formation mechanism. The reduction of carbonates under low oxygen
fugacity is an important mechanism in forming abiotic hydrocarbons and graphite/diamond in some
subduction zone settings.
Dana Thomas, Stanford University, USA
TBD
Multiphase CO2 behaviour in deep carbon sink
Vikram Vishal, J. Wilcox, T.N.Singh, Stanford University, USA, and IIT Roorkee, India
In today's context of carbon management, deep geological storage of anthropogenic carbon dioxide is
being considered the most viable solution. However, most of research work is done in gas phase or
subcritical CO2, which fails to validate itself in the deep sinks. We developed a new triaxial set up to
duplicate real term stress and temperature conditions in the laboratory. Upon passing CO2 at high
pressures, it changed from subcritical to supercritical phase and the estimates on gas adsorption varied
significantly. While excess adsorption of CO2 at high pressures reduced in coal samples, the sorbed
volume (volume of fluid adsorbed during flow) increased drastically. This led to high coal matrix swelling,
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causing maximum amount of loss in permeability when supercritical CO2 was flown through the sample.
Geomechanical tests were also conducted for fluid saturated samples which revealed up to 40%
reduction in strength; implying serious consequences in safety of carbon storage sinks. We extended our
experiments to understand the behavior of other rock types such as shale. It was found that the
composition of shale plays a critical role in its CO2 storage capacity. The work was done in collaboration
with three universities across two continents and presents novel results for Indian rock samples, paving
way for further inter-laboratory research on carbon management in deep reservoirs.
Deep-origin CO2 at Furnas Volcano: from a silent CO2 flux emission to the visible hydrothermal
fumaroles
Fatima Viveiros, C. Cardellini, S. Caliro, C. Silva, T. Ferreira, M. Pedone, G. Chiodini, J. Pacheco, C.
Andrade, L. Moreno CVARG University of the Azores
Furnas is a dormant central volcano located in the easternmost part of S. Miguel Island and
geomorphologically dominated by two nested calderas. Last volcanic eruption was sub-Plinian type and
occurred in the XVII Century. Nowadays, visible manifestations of volcanism comprise four main fumarolic
fields, and several thermal and cold CO2-rich springs. Since the early nineties several soil diffuse
222
degassing areas (mainly CO2 and Rn) were identified in the area.
The hydrothermal nature of the fumaroles is shown not only by their outlet temperature that is below
100ºC, but also by the gas composition. Recent works confirmed that the main component of the
fumarolic fluids is the H2O, followed by CO2 (3.9 to 6.7 vol.%) and H2S (150 to 244 ppmv). H2 and N2
appear in concentrations that vary from 54 to 156 ppmv. O2, Ar, CH4, He and CO are detected in minor
amounts. Carbon isotopic composition of the CO2 released in the Furnas fumaroles varies between -4.21
and -3.77‰. The gas equilibrium in the H2-CO2-CO-CH4-H2O system suggests temperatures of the
3
4
hydrothermal reservoir from 200 to 275 ºC. The relatively low He/ He ratio (5.23 to 5.35 R/Ra) and the
3
high CO2/ He ratios for Furnas fluids is potentially explained by a mantle contribution contaminated with
crustal fluids.
Several soil CO2 flux surveys showed that Furnas Volcano emits to the atmosphere about 1200 t/d, and
more than 80% has volcanic origin. Despite the significant soil CO2 fluxes measured close to the
fumarolic ground, high CO2 emissions are also detected in other areas of the volcano and associated to
important NW-SE and WNW-ESE tectonic structures. The amount of CO2 emitted from soils at Furnas
Volcano is significantly higher than the CO2 emitted by the other degassing manifestations: from
fumaroles and springs, the CO2 output was estimated to be, respectively, 50 t/d and 12 t/d. Two
permanent soil CO2 flux stations installed at Furnas Volcano showed that the soil CO2 degassing is a
permanent phenomena highly controlled by meteorological conditions. Soil CO2 flux time series show
both daily and seasonal variations, with higher CO2 emission at dawn and lower in the early afternoon. In
what concerns seasonality, higher CO2 fluxes are recorded during winter period. These hydrothermal CO2
variations are contrary to the observed in biogenic environments.
Carbon oxidation and fixation through sulfur-dependent pathways at the seafloor
Mustafa Yucel, Nadine Le Bris, Stefan Sommer, Middle East Technical University, Turkey
Sulfur-involving biogeochemical pathways play a key role in organic carbon oxidation and chemosynthetic
carbon fixation in marine benthic environments and subseafloor sediments. This oral presentation will
outline recent advances in in-situ measurements and chemical speciation of anaerobic organic carbon
degradation products in sediments and carbon fixation metabolites in chemosynthetic ecosystems.
Specifically, organic carbon oxidation at low-oxygen environments will be the focus of the talk, while
another focus will be on recent collaborative work in seafloor hydrothermal vent systems where temporal
variations in sulfur species is a major driver of carbon fixation processes. New methodological
approaches will be emphasized, such as in-situ voltammetry, lab-on-chip chemical sensors and chemical
speciation methods involving the quantification of metal-sulfur nanoparticles. As a case study, detailed
results from a redox gradient in the Baltic Sea will be presented in the companion poster presentation.
After a 10-year research experience in USA, France and Germany in groups specialized in deep-sea
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carbon cycling and extreme environments, Dr Mustafa Yucel (age 32) started an assistant professorship
in Middle East Technical University, Turkey (in the top 100 of the Times Higher Education World
Universities Ranking). Dr Yucel is looking forward to interacting with the interdisciplinary community of
DCO to develop an integrated view of the carbon cycle.
Conditions for mafic magma storage beneath fissure zones at São Miguel Island (Azores
archipelago) revealed by hydrocarbonic fluid inclusions
Vittorio Zanon, CVARG University of the Azores
Ponding conditions of basalts erupted from fissure zones at the São Miguel Island (Azores) were
investigated through a study of the chemico-physical properties of fluids trapped in olivines and
clinopyroxenes, and whole-rock and mineral chemistry, to a better understanding of the role played by
tectonics on magma transfer from the lithosphere to the surface. The Região dos Picos and Achada das
Furnas fissure zones formed between central volcanoes and erupted geochemically similar magmas
during the last 30 kyr. The densest hydrocarbonic fluid inclusions (H2O: CO2 mole proportion 1:9)
recorded a value of 1000 kg·m-3, corresponding to a pressure of 798 MPa (31 km) at both fissure zones,
at the intersection with the feeding systems of older central volcanoes. The maximum density decreases
to 875 kg·m-3, corresponding to 644 MPa (25 km) towards the central segment of Região dos Picos.
Further trapping of low-density fluids are occasional and limited to a few samples. While the deepest
event is interpreted to mark the vertical variation of the Moho at each location; all other events are only
representative of short-time ponding with fluid re-equilibration. The deepening of the Moho towards the
central volcanoes might be the effect of long-lasting underplating. While periodic stretching of the
lithosphere, in response to the differential stress field acting at central volcanoes, would have been
responsible for the thinning of the crust at the central segment of the fissure zone.
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