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Title: Coral reefs constrain carbonate chemistry during a potential ocean acidification 
event, the Triassic–Jurassic boundary 
Author: Rowan Martindale  (4th Year Grad) USC 
Other Authors: William M. Berelson, Frank A. Corsetti, David J. Bottjer, and A. Joshua 
West 

ABSTRACT 

As we face potential ocean acidification in association with rising CO2 today, it is 
particularly pertinent to understand how the Earth has responded to acidification events in 
the past. Ocean acidification associated with emplacement of the Central Atlantic 
Magmatic Province (CAMP) has been hypothesised as a probable kill mechanism for the 
Triassic–Jurassic (T–J) mass extinction (~200Ma), but few direct proxies for ocean 
acidity are available, particularly in the Mesozoic. The purpose of this research is 
twofold; a) present a new proxy for ocean saturation state (the presence of corals and 
coral reefs in the fossil record), and b) demonstrate how changes in carbonate 
geochemical parameters (e.g. pCO2, [Ca2+] and TCO2) affect the sensitivity of the 
ocean’s buffering capacity, the saturation state, and the plausibility of an ocean 
acidification event at the Triassic-Jurassic boundary. 
 
The new proxy for surface ocean aragonite saturation (ΩArag) proposed here, uses the 
physiological constraints of modern corals to determine minimum ΩArag during the 
intervals when coral are preserved in the fossil record. Modern corals lose the ability to 
biomineralise below aragonite saturation states (ΩArag) of 2 and coral reefs are restricted 
to environments with ΩArag > 3, consequently, whenever scleractinians are preserved in 
the rock record, surface ocean ΩArag was likely > 2, and when large coral accumulations 
or reefs are preserved, ΩArag > 3. Coral reefs are preserved throughout the latest Triassic 
(Rhaetian) but disappear from the fossil record at the T–J boundary. Corals and reefs are 
absent from the first ammonite zone of the earliest Jurassic (Hettangian), approximately 
~250 kyr in duration, and the earliest coral reefs reappear in the mid Hettagian. Because 
coral reefs are preserved in the Rhaetian and mid Hettangian, the ΩArag of the surface 
ocean must have been greater than 3 during these time intervals. 
 
In order to constrain T–J ocean chemistry, we use atmospheric pCO2 reconstructions 
from the literature in conjunction with the ΩArag limitations derived from corals to 
calculate the total dissolved inorganic carbon (TCO2) in the ocean. This estimate of the 
ocean’s buffering capacity is then used to test the plausibility of a T-J ocean acidification 
event. Our results suggest that the pCO2 increases across the T-J boundary recorded by 
stomatal and pedogenic carbonate proxies would depress saturation state to the point 
where it would be extremely difficult for corals to biomineralise (ΩArag < 2). The high 
pCO2 values in the earliest Hettangian predicted by Phanerozoic models (between 3000 
ppm and 7000 ppm), would have also precluded coral biomineralisation and could have 
caused carbonate (aragonite and calcite) undersaturation in the surface ocean if dissolved 
inorganic carbon (TCO2) was low. This short but extreme acidification (or depression of 



the saturation state) in an ocean with a low or moderate TCO2 pool would satisfactorily 
explain the significant extinction of calcareous organisms and the Early Hettangian coral 
gap, providing that the system compensated by the mid–Hettangian, when the first 
Jurassic coral reefs are preserved. 
 
 
Title: Sulfate-Reducing Bacteria and Methane-Oxidizing Archaea: What nitrate usage 
can tell us about the bacterial role in this ancient symbiosis 
Author: Abigail Green (4th year Grad)  Caltech 
Other Authors: Anne Dekas and Victoria Orphan 

ABSTRACT 

The symbiosis between anaerobic methane oxidizing archaea (ANME) and sulfate-
reducing bacteria has garnered attention in large part due to its putative role in creating a 
primary biological sink for oceanic methane. A sulfate-reducing bacterial partner 
affiliated with the Desulfobulbaceae (DSB) was found in association with ANME, raising 
the question of how these DSB might differ from the commonly observed sulfate-
reducing bacterial partner Desulfosarcina (DSS). Fluorescent in-situ hybridization assays 
revealed a trend towards higher ANME/DSB aggregate abundance in shallower sediment 
horizons where nitrate would most likely be available. In order to explore the potential 
for nitrate usage by ANME/DSB we used nano-scale secondary ion mass spectrometry 
(nanoSIMS) to measure 15N incorporation by aggregates composed of ANME/DSB 
versus ANME/DSS cells from the same 15N -labeled nitrate incubation. We also 
measured 15N incorporation from 15N -labeled ammonium incubations seeded with the 
same sediment used for the 15N -labeled nitrate incubation. Results suggest a trend 
towards higher levels of 15N incorporation by ANME/DSB than by ANME/DSS 
aggregates from the 15N -labeled nitrate incubation only. These results indicate that 
ANME/DSB and ANME/DSS differ in their ability to either assimilate nitrate directly or 
use nitrate as a terminal electron acceptor as dissimilatory nitrate reduction by sulfate-
reducing bacteria produces ammonium, providing a subsequent nitrogen source. While no 
overall trend was observed in 15N incorporation by ANME/DSB versus ANME/DSS 
aggregates from the 15N -labeled ammonium incubation, differences in the localization 
of 15N incorporation by ANME/DSB versus ANME/DSS aggregates may also suggest 
alternative nitrogen dynamics exist between the two types of symbioses. 
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Title: Sensitivity and feedback in the oceanic molybdenum cycle 
Author: Chris Reinhard (3rd year Grad)  Riverside 
Other Authors: Timothy W. Lyons 

ABSTRACT 

The oceanic inventories of biologically essential trace elements are likely to have 
fluctuated markedly during Earth’s history as a function of prevailing redox conditions. 



Given the importance of trace elements in a wide variety of enzymatic processes, such 
changes may have had significant downstream effects on the global biogeochemical 
cycling of carbon, nitrogen, and oxygen. Molybdenum (Mo) is particularly important in 
this regard, being a crucial catalytic component of enzymes involved in biological N2 
fixation (diazotrophy), eukaryotic assimilation of NO3-, and a number of oxygen atom 
transfer reactions. As a result, understanding the response of the Mo cycle to changes in 
ocean redox has received a great deal of recent attention. Here, we explore the response 
of the oceanic Mo reservoir to perturbations in marine redox under the condition that 
authigenic Mo enrichment into sediments (and thus Mo burial rate) scales in some 
fashion with the availability of dissolved Mo. Despite imposing this negative feedback, 
we find that relatively small changes in ocean redox can have significant effects on 
oceanic dissolved [Mo] and Mo residence time at steady state, and that relaxation to 
steady state following perturbation occurs quickly. In order to explore the feasibility of 
attaining varying degrees of expanded anoxia we employ a simple oxygen budget for the 
modern North Atlantic, which suggests that even a vigorously ventilated ocean basin 
should become predominantly anoxic purely through air-sea gas exchange limitations at 
partial pressures of atmospheric oxygen presumed for the Proterozoic. We suggest that 
relatively small changes in oceanic redox state would be expected to exert large effects 
on Earth surface nitrogen, carbon and oxygen cycling in the absence of compensatory 
biochemical strategies for dealing with Mo scarcity. 
 
Title: Indonesian paleomonsoon – Insights from D/H ratios of terrestrial plant waxes 
Author: Eva M Niedermeyer (PostDoc) Caltech 
Other Authors: Alex L. Sessions & Mahyar Mohtadi 

ABSTRACT 

The Indo-Pacific-Warm-Pool is one of the key evaporative sites for the global hydrologic 
cycle. Here, ocean-surface water evaporates to enter the Australasian monsoon system. 
Understanding its variability and underlying driving forces is important for both the local 
population as well as for the development of adaptive strategies to global climate change. 
Modern Australasian monsoon appears to vary with changes in Pacific and Indian Ocean 
sea-surface temperature such as induced by El Nino Southern Oscillation (ENSO) and the 
Indian Ocean Dipole mode. However, little is known about how these systems interact. 
 
Reconstructions of the terrestrial paleomonsoon from e.g. Dongge cave[1] (China), 
Borneo[2] and Flores[3] (both Indonesia) show that there have been considerable 
variations in rainfall intensities during the past ~25,000 years. However, the records 
exhibit equivocal patterns, suggesting locally different behavior of the monsoon and 
clearly demonstrating the further need of paleomonsoon reconstructions from other 
locations to better understand the complex atmospheric circulation pattern. 
 
We worked on marine sediment core SO189-144KL retrieved from the Nias Basin off 
northwestern Sumatra (Indonesia, Indian Ocean side) from 480 m water depth. AMS 
radiocarbon dating suggests that the core covers the past ~25,000 years. Sediments 
consist of material from marine and terrestrial sources with the latter being transported 



mainly by riverine runoff. The position of the core (1°09,300 N; 98°03,960 E) is close to 
the equator and therefore well suited to fill the data gap between northern- and southern 
hemisphere palemonsoon reconstructions. 
 
We used Deuterium/Hydrogen ratios (expressed as δD in permil, relative to V-SMOW) 
of long chained n-fatty acids from terrestrial plant waxes as a proxy for past rainfall 
variability on land. In the tropics, the amount of precipitation produces a distinct isotopic 
signature of rainwater which gets recorded in plant organic matter such as n-
hydrocarbons during biosynthesis. Because carbon-hydrogen bonds are stable to 
exchange and n-fatty acids are relatively resistant to degradation, the hydrogen isotopic 
composition of our target compound is expected to be well preserved in our sediment.  
 
Results from downcore analyses indicate that rainfall intensities over west Sumatra 
varied considerably during the past 25,000 years. However, in contrast to the northern 
hemisphere paleomonsoon, average Sumatran rainfall intensities during the last glacial 
compare to Holocene rainfall. We furthermore identify a dry period at the end of the last 
glacial followed by a pronounced humid interval during the mid-Holocene that rapidly 
switches to an extended dry period –a pattern that has not been detected yet in other 
paleorecords. 
Further radiocarbon dating will reveal a better time constraint to these events and their 
relation to the equivocal reconstructions from the neighboring sites Borneo and Flores as 
well as their possible link to past Indian Ocean Dipole variability. 
 
 
Title: Deep phylogenetic analysis of microbial diversity associated with ferromanganese 
nodules collected from the South Pacific Gyre 
Author: Benjamin Tully (4th year Grad) USC 
Other Authors: William Nelson, John Heidelberg 

ABSTRACT 

Ferromanganese crusts and nodules are prevalent globally in aquatic and cave 
ecosystems, yet it is poorly understood how these features form and what role 
microbiology plays in their formation. As part of the first phase of a project designed to 
reconstruct complete genomes of microbes associated with metal reduction and 
oxidation, we have performed deep phylogenetic sequencing of the 16S rDNA gene from 
ferromanganese nodules recovered from the South Pacific Gyre. We have been using the 
data generated through sequencing to analyze how the microbial community composition 
varies with nodule size, which is directly proportional to nodule age, and how the 
formation of nodules may influence the extant community diversity. Understanding how 
the ferromanganese nodule microenvironments structure microbial communities may be 
crucial for understanding how these features form and the role they play in low energy 
environments. 
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Title: Physiological limits of the Late Paleozoic seed plant Glossopteris and selectivity 
during the Permian-Triassic mass extinction 
Author: Jonathan P. Wilson  (PostDoc) Caltech 
Other Authors: Woodward Fischer 

ABSTRACT 

Mass extinctions leave clues to their cause in the differential survivorship of lineages of 
organisms preserved in the fossil record. Earth’s largest mass extinction, the Permian-
Triassic mass extinction, was devastating for marine ecosystems, with more than 80% of 
marine genera disappearing at the P-T boundary. As catastrophic as this extinction was 
for marine taxa, the record of this event in terrestrial environments is more subtle. 
Against a longer term background of elevated regional extirpations and immigrations, the 
signal feature of the plant macrofossil record is the extinction of the Gondwanan seed 
plant Glossopteris. Understanding the reasons for differential extinction both between 
marine and terrestrial environments, and between Glossopteris and other lineages of land 
plants can help test hypotheses of events responsible for the P-T mass extinction. 
This study presents an integrated model, constructed from observations of fossil anatomy, 
of Glossopteris physiology, combining wood and leaf function, and evaluating the whole 
plant in the context of environmental change. Glossopteris is remarkable for having 
tongue-shaped leaves attached to dense wood, and is the dominant plant of the south 
polar Gondwanan continents particularly high-latitude forest communities; Glossopteris 
fossils have been found at extremely high paleolatitudes, approaching 85°S. Glossopteris 
wood, although morphologically similar to conifer wood, is made up of very small cells 
with low pit area, and consequently has much lower conductivity per unit area than 
conifer wood. Wood cell diameters average 17 μm, cell walls are thick, and pit 
membranes have a high resistance per unit area. The leaves have moderate vein densities, 
and inferred leaf hydraulic capacities and maximum carbon assimilation rates fall within 
the range of living gymnosperms. Taken together, one unusual feature of Glossopteris 
leaves (the presence of a pseudomidrib made up of discrete vascular strands) and several 
of the low-conductivity features of Glossopteris xylem (narrow diameters, thick walls, 
and low pit area) was particularly advantageous in an environment that was subject to 
repeated frost events and low winter temperatures. 
Recognition that Glossopteris’ ecophysiology was well suited to cold environments also 
suggests why this lineage went extinct. Under a warming climate, as has been suggested 
as a feature of the P-T boundary through Early Triassic, three major physiological effects 
would have operated on the whole plant: 1) increased dark respiration with higher winter 
temperatures; 2) reduced frost tolerance with increased temperatures; and 3) reduced 
carbon gain during the summer, due to higher temperatures reducing stomatal 
conductance through water limitation. For a lineage of cold-adapted plants near the South 
Pole, a rapidly warming climate offered no environments in which to immigrate and 
suggests that climate change was a major factor in the extinction of this group. This 
extinction selectivity is consistent with hypotheses for the P-T extinction wherein 
climates rapidly warmed (e.g., under a heavy volatile load from Siberian Traps 
volcanism). Hypotheses that invoke major and special perturbations to drive terrestrial 
extinctions (e.g., loss of ozone, low oxygen, high atmospheric hydrogen sulfide) are not 



required, and probably too severe to explain the differential pattern of extinction between 
marine and terrestrial ecosystems. In addition, the evolutionary history of Glossopteris 
during the P-T mass extinction may provide a useful framework for considering the fate 
of Northern Hemisphere boreal forests during the current anthropogenic climate 
warming. 
 
Title: Siderophore production: A shifting paradigm? 
Author: Sarah A Bennett  (PostDoc)  USC 
Other Authors: Colleen L Hoffman, James W Moffett and Katrina J Edwards 

ABSTRACT 

Siderophores are low molecular weight, ferric ion specific chelating agents secreted by 
microorganisms growing under low iron stress (Neilands et al. 1995). Therefore the 
production of siderophores in a high Fe environment, such as deep-sea hydrothermal 
systems or the ocean crust, is unexpected. However, organic Fe binding ligands have 
recently been detected within both the dissolved and particulate phase of a deep-sea 
hydrothermal plume (Bennett et al., 2008; Toner et al., 2009). A known siderophore 
producing bacteria, Marinobacter, has been detected within these hydrothermal plumes 
(Sylvan et al. in review) and could therefore be the source of these ligands.  
 
We have carried out laboratory experiments to investigate these bacteria and have 
detected the production of siderophores in the presence of pyrite, basalt, hematite and Fe-
EDTA. Fe bound siderophores have been isolated from the media and characterized by 
electrospray ionization mass spectrometry. It appears that the siderophores produced in 
some way control the dissolution of these minerals. These results may have important 
implications on ocean chemistry and lead to a paradigm shift in our current understanding 
of siderophore production in the marine environment. 
 
 
Title: A lipid biomarker stratigraphic record of the response of marine microbial 
communitiesto environmental change during the Late Ordovician mass extinction 
Author: Megan Rohrssen (3rd Year Grad) Riverside 
Other Authors: G. D. Love1, D. A. Fike2, S. Finnegan3, W. W. Fischer3, D. S. Jones2 

ABSTRACT 

The Late Ordovician (~450-440 Ma) witnessed the two-phased mass extinction of an 
estimated 84% of all marine animal species, one of the largest extinctions in the 
Phanerozoic eon [1]. The mass extinction events are accompanied by strong evidence for 
major Southern hemisphere glaciation/deglaciation episodes, with accompanying water 
column temperature and chemistry change, sea level fluctuations and positive carbon and 
oxygen isotope excursions [2, 3]. While much is known about marine fossil communities 
before and after the Late Ordovician mass extinction, very little is known about the 
balance of primary producers that supported Late Ordovician ecosystems or their 
response to the changing environmental conditions. In this study we have used lipid 



biomarkers from sedimentary rocks exposed in outcrop and drill core on Anticosti Island, 
Quebec, Canada to gain insight into the marine microbial community structure and 
response to environmental change during the Hirnantian Isotopes of Carbon Excursion 
(HICE), glaciation, and mass extinction. Lipid biomarkers from Anticosti outcrops have 
low thermal maturities consistent with the burial history of the island and lack signs of 
younger petroleum-derived hydrocarbons (e.g. oleanane from angiosperms, HBIs from 
diatoms). In addition, Anticosti bitumens have low C28/C29 sterane ratios (<0.3), typical 
of Early Paleozoic sediments. 
The C29 sterane dominance (usually >60% regular steranes) found in Anticosti rocks is 
consistent with green algae being the main eukaryotic primary producers. The ratio of 
hopanes to steranes in Anticosti rocks, ranging from 1.8 to 11.2, and δ15Norg isotope 
profiles found generally for the Late Ordovician indicate much greater contribution of 
N2-fixing bacteria to sedimentary organic matter than that of eukaryotes. 
We propose that the biomarker assemblages prior to the HICE interval are consistent with 
a stressed, oligotrophic marine ecosystem. Expansive oxygen minimum zones with 
prominent denitrification in a greenhouse climate [4] allowed marine bacterial 
communities to thrive relative to algae. Peaks in hopane/sterane ratio likely reflect 
intervals in which eukaryotes were under increased stress, including the recognized 
extinction interval of the Ellis Bay/Becscie contact. Lower hopane/sterane ratios (~ 2-3) 
coincident with the HICE, in combination with declining 3β-methylhopane indices, 
indicate a microbial community response to lower water column temperatures and 
contraction of oxygen minimum zones due to increased ocean ventilation. 
 


