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Welcome	  to	  Indiana	  University	  and	  Bloomington,	  IN,	  for	  the	  Fourth	  Annual	  
Midwest	  Geobiology	  Symposium	  

The	   Midwest	   Geobiology	   symposium	   was	   founded	   to	   provide	   an	   opportunity	   for	   undergraduate	  
students,	  graduate	  students,	  and	  postdocs	  to	  communicate	  and	  share	  their	  research	  with	  the	  regional	  
geobiology	   community.	   This	  annual	  event	  brings	   together	   individuals	   from	  many	   research	  groups	  and	  
laboratories	  at	  a	  variety	  of	  colleges,	  universities,	  and	  research	  institutions	  across	  the	  Midwest	  to	  present	  
their	  latest	  results	  and	  exchange	  ideas.	  	  

Geobiology	   is	  an	   inherently	   interdisciplinary	  research	   field	   that	   focuses	  on	  the	  coevolution	  of	  Life	  and	  
the	   Earth.	   It	   encompasses	   a	   diverse	   range	   of	   topics	   that	   involve	   a	   varied	  mix	   of	   geology	   and	   biology	  
centered	   on	   exploring	   aspects	   of	   geochemistry,	   microbiology,	   oceanography,	   climate	   science,	   and	  
engineering	   to	  build	  an	  understanding	  of	   the	   interface	  of	   life	  processes	  with	  Earth	  environments.	  The	  
Midwest	  Geobiology	   symposium	  provides	  a	   venue	   for	   the	   regional	   geobiology	   community	   to	  discover	  
and	  discuss	  recent	  research	  advances	  occurring	  in	  each	  other’s	  laboratories,	  to	  provide	  critical	  feedback	  
on	   active	   projects,	   to	   foster	   collaborative	   ventures,	   and	   to	   explore	   new	   initiatives.	   It	   encourages	   the	  
contributions	   and	   involvement	   of	   researchers	   at	   all	   levels	   from	   undergraduate	   to	   senior	   faculty	   and	  
offers	  support	  to	  help	  facilitate	  student	  participation.	  	  

The	  Department	  of	  Geological	  Sciences	  at	  Indiana	  University	  is	  honored	  to	  serve	  as	  this	  year’s	  host	  for	  
the	  Midwest	  Geobiology	  symposium	  in	  Bloomington,	  IN.	  Our	  Department’s	  roots	  extend	  back	  over	  150	  
years	  ago	  to	  Richard	  Owen	  who	  first	  taught	  geology	  and	  began	  the	  systematic	  collection	  of	  fossils	  and	  
minerals	   that	  were	   the	   foundations	  of	   the	  extensive	   IU	  Paleontology	  and	  Mineralogy	  Collections.	  Our	  
endeavors	   in	   biogeochemistry,	   especially	   organic	   geochemical	   analyses	   of	   stable	   isotopes	   and	  
biomarkers,	   represent	   a	   markedly	   shorter	   timespan	   and	   yet	   extend	   back	   to	   the	   emergence	   of	   this	  
disciplinary	   field.	   They	   now	   include	   studies	   of	   geochemical	   and	   molecular	   signatures	   of	   microbial	  
systems,	  assessment	  of	  paleoclimatic	  proxies	  in	  sedimentary	  records,	  and	  range	  from	  evaluation	  of	  the	  
generative	  processes	   forming	  petroleum	  to	   investigations	  of	  analogues	  for	  Martian	  environments	  that	  
could	  sustain	  Life.	  

This	   Midwest	   Geobiology	   symposium	   would	   not	   be	   possible	   without	   the	   generosity	   and	   continuing	  
support	  of	  the	  Agouron	  Institute,	  which	  also	  provided	  funding	  for	  the	  three	  previous	  symposia	  held	  at	  
Washington	   University	   in	   St.	   Louis,	   MO	   (2012),	   at	   IUPUI	   in	   Indianapolis,	   IN	   (2013),	   and	   at	   the	   Field	  
Museum	   of	   Natural	   History,	   Chicago,	   IL	   (2014)	   co-‐hosted	   by	   Argonne	   National	   Lab,	   Northwestern	  
University,	   the	  University	  of	  Chicago	  and	   the	  University	  of	   Illinois	   at	  Chicago.	   The	  2015	   symposium	   is	  
also	  supported	  by	  the	  IU	  Department	  of	  Geological	  Sciences	  and	  has	  benefited	  from	  the	  organizational	  
skills	  of	  Devon	  Colcord,	  ably	  aided	  by	  members	  of	   the	  departmental	  staff,	  notably	  Pam	  Christenberry,	  
Dianne	   Dupree,	   and	   Erica	   Kendall,	   and	   adeptly	   abetted	   by	   Alex	   Bradley	   (Washington	   University,	   St.	  
Louis,	  MO)	  in	  the	  dissemination	  of	  information	  about	  the	  meeting	  via	  the	  Midwest	  Geobio	  website.	  

In	  bringing	  together	  scientists	  from	  diverse	  yet	  interconnected	  fields	  in	  a	  setting	  conducive	  for	  sharing	  
discussions	  and	  exchanging	  research	  ideas,	  we	  trust	  that	  Midwest	  Geobiology	  2015	  will	  help	  strengthen	  
the	  ties	  formed	  at	  previous	  symposia	  and	  serve	  as	  an	  effective	  catalyst	  for	  the	  development	  of	  new	  and	  
exciting	  opportunities	  in	  geobiological	  research.	  

Sincerely,	  

Simon	  Brassell	  	  
Department	  of	  Geological	  Sciences	  
Indiana	  University	  Bloomington	  
(on	  behalf	  of	  the	  Midwest	  Geobiology	  2015	  organizers)	  
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Program	  of	  Events	  –	  Saturday,	  October	  10th,	  2015	  
	  
8:00am	   Arrival	  and	  Breakfast	  State	  Rooms	  East	  &	  West	  
	  

Oral	  Session	  1	  Whittenberger	  Auditorium	  
9:00am	   Welcoming	  Remarks	  
9:10am	   Angélica	  Vázquez-‐Ortega,	  University	  of	  Notre	  Dame,	  Thermodynamic	  modeling	  	   	  
	   of	  Mn(II)	  adsorption	  onto	  manganese	  oxidizing	  bacteria	  
9:30am	   Yiran	  Dong,	  University	  of	  Illinois	  Urbana-‐Champaign,	  Effects	  of	  Mineral	  Speciation,	  pH,	  Temperature,	  
	   Salinity	  and	  Anions	  on	  the	  Bioreduction	  of	  Ferric	  Iron	  Oxides	  and	  the	  Formation	  of	  Secondary	  
	   Mineralization	  Products	  
9:	  50am	  Thuy	  T.	  An,	  Indiana	  University,	  Effects	  of	  Suspended	  Particulates	  on	  Acidovorax	  	  sp.	  2AN	  Growth:	  	  
	   Environmental,	  Laboratory,	  and	  Biotechnological	  Implications	  
10:10am	  Elizabeth	  D.	  Swanner,	  Iowa	  State	  University,	  Fe	  isotopes	  as	  tracers	  of	  Fe	  biomineralization	  processes	  and	  
	   intermediates	  formed	  by	  phototrophic	  organisms	  
	  

10:30am	  Coffee	  Break	  State	  Rooms	  East	  &	  West	  
	  

Oral	  Session	  2	  Whittenberger	  Auditorium	  
10:50am	  Melanie	  Suess,	  Washington	  University	  in	  St.	  Louis,	  Investigating	  the	  role	  of	  transhydrogenases	  in	  
	   determining	  hydrogen	  isotope	  ratios	  of	  bacterial	  lipids	  
11:10am	  Jinzi	  Deng,	  University	  of	  Illinois	  Urbana-‐Champaign,	  Bacterial	  chemotaxis	  in	  a	  novel	  microfluidic	  device	  as	  
	   early	  stage	  evolutionary	  adaptation	  
11:30am	  Sharon	  L.	  Grim,	  University	  of	  Michigan,	  Draft	  genome	  of	  Geitlerinema	  sp.	  PCC	  9228,	  a	  nitrogen	  fixing	  
	   anoxygenic	  photosynthetic	  cyanobacterium	  
11:50am	  Qiang	  Yu,	  University	  of	  Notre	  Dame,	  Reduction	  of	  U60	  nanoclusters	  by	  Shewanella	  oneidensis	  MR-‐1	  
12:10pm	  William	  D.	  Leavitt,	  Washington	  University	  in	  St.	  Louis,	  Electron-‐bifurcating	  transhydrogenase	  is	  central	  to	  
	   hydrogen	  isotope	  fractionation	  during	  lipid	  biosynthesis	  in	  sulfate	  reducing	  bacteria	  
	  

12:30pm	  Lunch	  State	  Rooms	  East	  &	  West	  
	  

Oral	  Session	  2	  Whittenberger	  Auditorium	  
1:30pm	   Sarah	  W.	  Keenan,	  Saint	  Louis	  University,	  A	  mineralogical	  perspective	  on	  a	  physiological	  problem:	  
	   bioapatite	  carbonation	  in	  the	  western	  painted	  turtle	  
1:50pm	   Page	  C.	  Quinton,	  University	  of	  Missouri,	  Inferences	  on	  Conodont	  Ecology	  from	  Oxygen	  Isotope	  
	   Paleothermometry	  
2:10pm	   Shannon	  J.	  Haynes,	  University	  of	  Missouri,	  Linking	  the	  depositional	  environment	  with	  exceptionally	  well-‐
	   preserved	  calcareous	  marine	  microfossils	  and	  terrestrial	  organic	  matter	  in	  Turonian	  drill	  cores	  from	  the	  
	   southeastern	  coastal	  region	  of	  Tanzania	  	  
2:30pm	   Jeff	  T.	  Osterhout,	  University	  of	  Cincinnati,	  Organic	  Geochemistry	  of	  Stromatolites	  in	  a	  1.4-‐Billion-‐Year-‐Old	  
	   Evaporitic	  Lacustrine	  Ecosystem	  
	  

2:50pm	   Break	  
	  

Oral	  Session	  4	  Whittenberger	  Auditorium	  
3:00pm	   Amanda	  L.D.	  Bender,	  Washington	  University	  in	  St.	  Louis,	  Investigating	  genetic	  loci	  that	  encode	  plant-‐
	   derived	  paleoclimate	  proxies	  
3:20pm	   Kenneth	  G.	  MacLeod,	  University	  of	  Missouri,	  Temperature	  change	  across	  the	  Cretaceous/Paleogene	  
	   boundary	  inferred	  from	  oxygen	  isotopic	  ratios	  in	  fish	  debris	  from	  El	  Kef,	  Tunisia	  
3:40pm	   Kira	  N.	  Lorber,	  University	  of	  Cincinnati,	  Geochemical	  analysis	  of	  2.5	  billion	  year	  old	  microfossils	  exhibiting	  
	   varying	  degrees	  of	  preservation	  
	  
4:00	  pm	  Poster	  Session	  Dogwood	  Rom	  
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Indiana	  Memorial	  Union	  (Upper	  Levels)	  
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Indiana	  Memorial	  Union	  (Lower	  Levels)	  
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Oral	  Presentations	  
	  
Abstracts listed alphabetically by presenting author 
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Effects of Suspended Particulates on Acidovorax sp. 2AN Growth:  
Environmental, Laboratory, and Biotechnological Implications 

THUY T. AN1*, FLYNN W. PICARDAL2 

1School of Public and Environmental Affairs, Indiana University, Bloomington, USA, ttan@indiana.edu 
(*presenting author) 
2School of Public and Environmental Affairs, Indiana University, Bloomington, USA, picardal@indiana.edu 

 
 Microorganisms in natural and engineered environments are continually exposed to a 
variety of mineral particulates.  Interactions with fine particles have been shown to frequently 
affect microbial physiology and metabolism.  Although some studies have revealed positive or 
negative effects on bacterial growth, little is known about the mechanisms underlying microbial 
growth enhancement or inhibition.  Here, we investigated the effects of hydrous ferric oxide 
(HFO) and Min-U-Sil 5, a high-purity, fine-grained silica, on Acidovorax sp. 2AN growth.  We 
demonstrated that these micron- and submicron-sized, suspended particles stimulated the growth 
of strain 2AN under both oxic and anoxic conditions.  Growth enhancement did not result from 
particulates serving as an additional electron acceptor (Fe(III)) or nutrient source (Fe or Si).  
Instead, the stimulatory effect was likely a more generalized result of the association of bacterial 
cells with fine particulates that should be more frequently considered in heterogeneous systems 
or where precipitation results in particle formation. 
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Investigating genetic loci that encode plant-derived paleoclimate proxies 
AMANDA L.D. BENDER1*, MELANIE SUESS2, DANIEL H. CHITWOOD3, ALEXANDER S. BRADLEY4 

1Department of Earth & Planterary Sciences, Washington University in St. Louis, MO, USA, 
bender@levee.wustl.edu (*presenting author) 
2Department of Earth & Planterary Sciences, Washington University in St. Louis, MO, USA, 
msuess@levee.wustl.edu 
3Donald Danforth Plant Science Center, St. Louis, MO, USA, dchitwood@danforthcenter.org 
4Department of Earth & Planterary Sciences, Washington University in St. Louis, MO, USA, 
abradley@eps.wustl.edu 
 

Long chain (>C25) n-alkanes in sediments predominantly derive from terrestrial plant 
waxes. Hydrogen isotope ratios (δD) of leaf wax hydrocarbons correlate with δDH2O of 
precipitation and are commonly used as paleoclimate proxies [1]. However, biological variability 
in the isotopic fractionations between water and plant materials also affects the n-alkane δD 
values. Correct interpretation of this paleoclimate proxy requires that we resolve genetic and 
environmental effects.  

Genetic variability underlying differences in leaf wax structure and isotopic composition 
can be quantitatively determined through the use of model organisms. Interfertile Solanum 
(tomato) species provide an ideal model species complex for this approach. We use a set of 76 
precisely defined hybrids (introgression lines [ILs])  in which small genomic regions from the 
wild tomato relative Solanum pennellii have been introduced into the genome of the domestic 
tomato, S. lycopersicum.  By characterizing quantitative traits of these ILs (leaf wax structure 
and isotopic composition), we can calculate broad-sense heritability values to summarize how 
much variation in a trait is due to genetic versus environmental factors. 

We present data from two growth experiments conducted with all 76 ILs. In this study, 
we quantify leaf wax traits, including δD values, δ13C values, and structural metrics including the 
methylation index (a variable that describes the ratio of iso- and anteiso- to n-alkanes). Among 
genetically similar ILs grown in the same environment, δD values vary by up to 90‰ for C31 n-
alkanes. Many ILs have methylation indices that are discernably different from the parent 
Solanum (p < 0.001). This suggests that methylation is a highly polygenic trait. This pattern is 
similar to the genetics that control leaf shape [2], another trait commonly used as a paleoclimate 
proxy. We also present broad-sense heritability values for the measured leaf wax traits. 
Preliminary analyses suggest that only a small fraction of variability in the measured δD values 
can be attributed to genetic variation. This result is consistent with applying leaf wax δD as an 
environmental proxy. 

Our results have important implications for uncovering the degree to which we can 
expect environmental versus genetic factors to modulate variability in n-alkane δD values. These 
findings can inform the interpretation of the proxy signal recovered from the geological record. 
 
 [1] Sachse et al. (2011). Annual Reviews of Earth and Planetary Sciences 40, 221-249. [2] 
Chitwood et al. (2013). The Plant Cell  25, 2465-2481. 
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Bacterial chemotaxis in a novel microfluidic device as early stage evolutionary 
adaptation 

JINZI DENG1*, LANGZHOU2, LAUREN A. SHECHTMAN3,4,  RAJVEER SINGH1,5, YIRAN DONG1, 
ROBERT A. SANFORD6, CHARLIE J. WERTH2,6, BRUCE W. FOUKE1,6,7 

1 Carl R. Woese Institute of Genomic Biology, University of Illinois Urbana-Champaign, Urbana, IL 61801 USA, 
jzdeng@illinois.edu (Jinzi Deng), dong5600@illinois.edu (Yiran Dong) 
2 Department of Civil, Architectural and Environmental Engineering, University of Texas at Austin, Austin, TX 
78705 USA, langzhou@utexas.edu (Lang Zhou), werth@utexas.edu (Charlie J. Werth) 
3Department of Chemistry, University of Illinois Urbana-Champaign, Urbana, IL 61801 USA, 
shchtmn2@illinois.edu (Lauren A. Shechtman) 
4Department of Integrative Biology, University of Illinois Urbana-Champaign, Urbana, IL 61801 USA 
5 Civil and Environmental Engineering Department, University of Illinois Urbana-Champaign, Urbana, IL 61801 
USA, rajs@illinois.edu (Rajveer Singh) 
6 Department of Geology, University of Illinois Urbana-Champaign, Urbana, IL 61801 USA, fouke@illinois.edu 
(Bruce W. Fouke), rsanford@illinois.edu (Robert, A. Sanford) 
7Department of Microbiology, University of Illinois Urbana-Champaign, Urbana, IL 61801 USA 
 

 Microorganisms in nature have evolved in response to a variety of environmental 
stresses, which include steep gradients in temperature, pH, substrate availability and aqueous 
chemistry. Movement of a microbe in correspondence with a chemical gradient (chemotaxis) is a 
common first response that can eventually lead to evolutionary adaptation. Next-generation 
microfluidic devices now permit previously unattainable levels of control and reproducibility of 
dynamic chemical environmental stresses. This type of microfluidic experimentation provides a 
consistently reliable real-time means to quantitatively track microbe chemotaxis and eventual 
adaptation. In the present study, a newly designed and fabricated microfluidic device with porous 
media and selectively photo-patterned in-plane gel barriers have been utilized to facilitate in 
vitro real-time tracking of bacterial chemotaxis in response to aqueous chemical gradients in 
both the antibiotic ciprofloxacin (200 × minimum inhibitory concentration) and nutrients. These 
were injected on either side of the porous media that was inoculated with Escherichia coli, and 
gradients of ciprofloxacin and nutrient were established. Hydrogel barriers were selectively 
photo-polymerized between inlet channels and the porous media, such that nutrient and antibiotic 
solutes were solely transported via diffusion, creating reproducible gradients over the length of 
the porous media containing E. coli. Preliminary observations under auto-fluorescence suggest 
that E. coli moves towards regions with higher nutrient concentration. Cells were observed to 
aggregate along one of the boundaries of the porous media, paralleling the highest nutrient 
concentration and lowest ciprofloxacin concentration. Bacteria migrated across the porous media 
towards the area with higher ciprofloxacin concentration after cell density in the low-
ciprofloxacin regions approached nutrient limiting conditions. The E. coli eventually became 
tolerant to higher ciprofloxacin concentrations, providing valuable information on the range of 
antibiotic stresses that will enhance adaptation.  Ongoing and future work will evaluate E. coli 
response to other environmental stresses, including nutrient limitations and temperature change. 
  
 
 
 
 
 
 
 



 

 11	  

Effects of Mineral Speciation, pH, Temperature, Salinity and Anions on the 
Bioreduction of Ferric Iron Oxides and the Formation of Secondary 

Mineralization Products 
YIRAN DONG1,2*, ROBERT A. SANFORD2, MAXIM I. BOYANOV3,4, KENNETH M. KEMNER3, 

THEODORE M. FLYNN3, EDWARD J. O’LOUGHLIN3, SAMANTHA GEORGE5, KAITLYN FOUKE6, 
BRUCE W. FOUKE1,2,5 

Carl R. Woese Institute for Genomic Biology, University of Illinois Urbana-Champaign1  (dong5600@illinois.edu, 
Y. Dong; fouke@illinois.edu, B. W. Fouke) 
Department of Geology, University of Illinois Urbana-Champaign2 (rsanford@illinois.edu, R. A. Sanford) 
Biosciences Division, Argonne National Laboratory3 (mboyanov@anl.gov, M. I. Boyanov; Kemner@anl.gov, K. M. 
Kemner; tflynn@anl.gov, T. M. Flynn; OLoughlin@anl.gov, E. J. O’Loughlin) 
Institute of Chemical Engineering, Bulgarian Academy of Sciences, Bulgaria4 
Department of Microbiology, University of Illinois Urbana-Champaign5 (ssgeorg2@illinois.edu, S. George) 
Urbana High School, IL6  (ke.fouke310@gmail.com, K. Fouke) 
 

Iron reduction coupled with the oxidation of organic compounds or H2 by dissimilatory iron-
reducing bacteria (DIRB) can lead to the formation of Fe(II)-bearing secondary minerals such as 
magnetite, siderite, or vivianite. Previous studies on the rates, extent and composition of the solid 
phases during microbial iron reduction have been focused predominantly on the bioreduction of 
ferrihydrite by Shewanella and Geobacter species. However, microbial iron reduction in the 
subsurface encompasses a broad range of DIRB and ferric minerals, and comparatively little is 
known about the impact of these and other environmental factors such as pH, temperature, 
salinity, and solution chemistry on the formation of Fe(II)-bearing secondary minerals. Here we 
examine the effects of 1) pH (6.5-8.5); 2) temperature (22-50 °C); 3) salinity (2-20% NaCl); 4) 
solution chemistry (e.g., phosphate and sulfate); 5) presence of an electron shuttle (e.g., 
anthraquinone-2,6-disulfonate (AQDS)); and 6) different ferric iron oxides (e.g., ferrihydrite, 
lepidocrocite, goethite, hematite, and magnetite) on the bioreduction of ferric iron minerals by 
Orenia metallireducens strain Z6, a DIRB from the phylum Firmicutes. For a total of 19 
culturing conditions, we measured ferrous iron produced over time using the ferrozine assay as 
well as the formation of secondary minerals using scanning electron microscopy (SEM) with 
energy-dispersive X-ray spectroscopy (EDS), X-Ray Diffraction (XRD), X-ray absorption near 
edge structure (XANES) and X-ray absorption fine structure spectroscopy (XAFS). Our results 
showed that both the rate and extent of bioreduction of the poorly crystalline ferrihydrite and 
lepidocrocite exceeded those for the better crystalline minerals under investigation. Meanwhile, 
lepidocrocite reduction was enhanced by elevated temperatures (37 and 50 °C), lower pH (6.5), 
lower concentrations (or absence) of phosphate, and the presence of AQDS, while a lower 
temperature (22 °C) led to a decrease in overall iron reduction. In comparison, changes in 
salinity or the presence of sulfate did not lead to significant changes in iron reduction by strain 
Z6. The integrated SEM and XRD illustrated diversity of secondary Fe(II)-containing minerals 
(i.e., green rust, siderite, magnetite and/or vivianite) under the different conditions. However, the 
speciation of these secondary minerals cannot be explained by kinetics of bioreduction alone. 
The on-going XAFS analysis is expected to provide more comprehensive identification and 
quantification of the secondary minerals to reveal the mechanistic explanation of individual 
factor. 
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Cyanobacteria were critical players in Earth’s oxygenation, yet cyanobacterial metabolic 
strategies under the low-oxygen conditions and changing geochemical regimes of the Proterozoic 
are not well understood. Cyanobacteria capable of anoxygenic photosynthesis (AP) using sulfide 
may have influenced the production and accumulation of oxygen before, during, and after the 
Great Oxidation Event. Modern sulfide-using AP cyanobacteria have been documented in 
hypersaline lakes, sulfidic hotsprings, coral assemblages, and ice-covered lakes Antarctic lakes. 
By evaluating the genomic content and sulfide physiology of these modern strains, we can better 
understand the activities of AP cyanobacteria and their impacts during Proterozoic oxygen 
transitions. 

In this study, we describe the genome of Geitlerinema sp. PCC 9228 (formerly Oscillatoria 
limnetica ‘Solar Lake’). The 4.69 Mbp draft genome contains 3854 protein coding genes among 
174 scaffolds. Analysis of its gene content reveals a versatile metabolic strategy. Geitlerinema 
sp. PCC 9228 contains two copies of sqr, sulfide quinone reductase, involved in the oxidation of 
sulfide in sulfide-dependent anoxygenic photosynthesis. Each sqr is located downstream of 
putative transcriptional regulatory protein arsR-type genes, one of which also regulates arsenic 
resistance genes arsBC. The genome contains nitrogenase genes nifHDK, proteins relevant to 
nitrogenase synthesis and maturation (ferredoxin, nifENB), and a potential second nitrogen 
fixation gene suite nifBSU on the same scaffold. Though the genome lacks the traditional 
cyanobacterial hydrogen uptake hup genes, it has hydrogenase accessory genes hypBAEDC and 
the Ni-containing bidirectional hydrogenase suite hoxEFUYH. Geitlerinema sp. PCC 9228 may 
use bidirectional hydrogenase to mitigate energy consumption during nitrogen fixation in the 
dark, and participate in electron transport during anoxygenic photosynthesis in the presence of 
sulfide. In the redox-stratified habitats of the Proterozoic, such metabolically versatile 
anoxygenic photosynthetic cyanobacteria capable of efficient nitrogen fixation were likely well 
equipped to thrive under nitrogen limitation and dynamic redox geochemistry.  
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 Sediment cores from southeastern Tanzania contain exceptionally well-preserved marine 
calcareous and organic-walled microfossils in many samples spanning the Aptian to the 
Miocene. The high quality of microfossil preservation is commonly attributed to preservation in 
clay-rich sediments that have never been deeply buried. However, these attributes apply to many 
deposits that are not characterized by exceptional preservation and, so, are clearly an incomplete 
explanation. In an attempt to more completely characterize the properties and processes that were 
important in creating the Tanzanian microfossil lagerstätte, we have tried to constrain the 
paleoenvironmental setting of a Turonian (~94–90 Ma) interval of exceptional preservation 
integrating a wide range of paleontological, geochemical, and sedimentological observations.  
 

New data combined with previously published observations suggest open-ocean surface 
water conditions with planktonic foraminifera settling on a seafloor where deposition of non-
calcareous material was dominated by terrigenous sediment and terrestrially derived organic 
material. Paleontological and geochemical observations record a remarkably stable interval 
dominated by excellent preservation through the lower–mid Turonian. In the mid–late Turonian 
preservation quality declines, a change associated with shifts in foraminiferal abundance and 
assemblages, palynological assemblages, biomarker compositions, carbon isotopes, and sulfur 
isotopes. Deposition is dominated by fine grained material and organic biomarkers suggest a 
very low level of thermal maturity throughout, but other data suggest infaunal biological activity 
increased in intervals with lower quality preservation. We suggest inferred microbial activity and 
its influence on pore water chemistry as the dominant proximate variable controlling quality of 
preservation.     
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 Several physiological and metabolic adaptations permit the western painted turtle 
(Chrysemys picta bellii) to withstand prolonged periods of anoxia (up to 170 days at 3°C). 
During anoxia, the painted turtle relies on glycolysis, an anaerobic metabolism that results in the 
production of lactic acid and subsequent acidosis. As a way to survive acidosis at almost six 
times the lethal limit for humans, turtles buffer their blood with high concentrations of 
extracellular bicarbonate (~40-50 mmol/L) and by accessing carbonate (CO3

2-) associated with 
their shell and skeleton. Based on bulk measurements of CO2 evolved from powdered bone prior 
to and after 170 days of anoxia, CO3

2- decreases ~25%. However, the spatial distribution of 
CO3

2- in bone and the potential for preferential removal of CO3
2- from a specific region of bone 

(cortical vs. trabecular) are unknown. The goals of this study were to document the concentration 
distribution of CO3

2- within control and anoxic turtle bone using Raman spectroscopic point 
analyses and mapping, and to evaluate the possible implications for buffering mechanisms. There 
were no statistically significant differences in CO3

2- concentration between or within different 
regions of each bone; however, individual analyses within a single bone were highly variable (9-
16 wt. %). Additionally, there were no significant differences between the concentration of CO3

2- 
in the control and the anoxic bones. We utilized Raman mapping to evaluate carbonate 
heterogeneity and the potential for discrete pockets of CO3

2- enrichment that might account for 
the high variability encountered with spot analyses. Raman mapping in control turtle bone 
revealed no discrete areas of enrichment in the visceral cortical bone (e.g., surrounding 
vascularized regions), but from the margin of the visceral cortical bone towards the trabeculae, a 
gradual enrichment of CO3

2- was observed. Together with spot analyses, the observation of 
highly variable CO3

2- concentrations and gradual enrichment in the visceral cortical bone 
suggests that carbonate variability exists at the crystallite- as well as µm-scales. Additionally, the 
carbonate content derived from Raman analyses (9-16 wt. %) is the highest observed in any 
vertebrate to date. Elevated carbonate in turtle bioapatite provides a geochemical solution to a 
physiological problem, namely surviving acidosis. Further analyses utilizing Raman mapping 
will help to establish if the most highly carbonated areas are preferentially depleted during 
anoxia. The results of this study reflect a dynamic interaction between a living organism and the 
carbonate within its bones, and also provide insights into the buffering mechanisms in the 
western painted turtle during anoxia. 
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 A significant range in microbial lipid 2H/1H ratios is observed in modern marine 
sediments [Li et al. 2009. GCA]. The magnitude of hydrogen isotope fractionation between 
microbial lipids and growth water (2εlipid-H2O) is hypothesized to relate to the central carbon 
and energy metabolism [Zhang et al. 2009. PNAS]. These observations have raised the 
intriguing possibility for culture independent identification of the dominant metabolic 
pathways operating in environments critical to the geological record.  One such metabolism 
we would like to track for its global significance in sedimentary carbon cycling is bacterial 
sulfate reduction [Jørgensen. 1982. Nature]. To-date, heterotrophic sulfate reducing bacteria 
(SRB) have been observed to produce lipids that are depleted in fatty acid H-isotope 
composition, relative to growth water (2εlipid-H2O ~ -125 to -175 ‰), with experiments on 
different substrates yielding little variability [Campbell et al. 2009. GCA; Osburn. 2013; 
Dawson et al. 2015. Geobiology]. In stark contrast, aerobic heterotrophs show a wide range in 
fractionations (2εlipid-H2O ~ +300 to -125‰) which seems to scale with the route cellular carbon 
metabolism [Zhang et al. 2009. PNAS; Heinzelmann et al. 2015. Front Microbio].   

Recent work in aerobic methylotrophs [Bradley et al. 2014. AGU] implicates 
transhydrogenase (TH) activity as a critical control on 2εlipid-H2O.  This work suggests a 
specific driving mechanism for this range in fractionation is the ratio of intracellular 
NADPH/NADH, and more fundamentally, the intracellular redox state.  In SRB a key 
component of energy metabolism is the activity of electron-bifurcating TH [Price et al. 2014. 
Front Microbio], for which a recent transposon mutant library has generated a number of 
knockouts in the target gene [Kuehl et al. 2014. mBio] in the model organism Desulfovibrio 
alaskensis strain G20. In this study we compare growth rates, fatty acid concentrations and 
2εlipid-H2O from wild type and TH mutants in strain G20. We observed significant growth rate 
and isotopic phenotypes as a function of substrate when the TH is involved in carbon and 
energy metabolism. We discuss implications for understanding H-isotope fractionation during 
microbial fatty acid biosynthesis in sulfate reducers and anaerobes in general in anoxic 
environments.  
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	   	   Fundamental knowledge of the origin and evolution of life during the Archean Eon is 
poorly understood and currently still under debate (e.g., Apex chert investigations). Fossils of 
microorganisms (microfossils) can provide keys to addressing gaps in the knowledge of early life 
on Earth. The morphological and geochemical analyses of microfossils, can both provide 
evidence of ancient life in the geological record, as well as important information on the origin 
and evolution of life. Detecting physical or chemical evidence of Archean-age life is challenging 
due to often poor preservation of microorganisms, and the relative paucity of well-preserved 
sedimentary units from that period. Advances in microscopy and spectroscopy have allowed for 
a better understanding and characterization of the organic chemistry and morphology of the 
Earth’s earliest fossil record. Any further knowledge of Precambrian microfossils is important 
and necessary so that major gaps in the record of life on Earth may be filled. 

 Here is reported a set of 2.5-billion-year-old filamentous microfossils from black cherts 
within the Gamohaan Formation of the Kaapvaal Craton of South Africa. Initial interpretations 
of these microfossils suggested they were deposited in deep, but partially sunlight water. 
However, more recently Beukes et al., (2008) suggested that these organisms lived below the 
depth of sunlight penetration, and therefore would not be photosynthetic. The cherts were 
collected from correlative strata in outcrop (two sites), and drill core (two sites), all located 
within close proximity to each other (~100 km radius). Microfossils from each location were 
analyzed for variations of their morphology, and the degree of geochemical preservation of any 
remaining organic matter (kerogen), of which they are composed. Additional investigations 
using mass spectroscopy were conducted to determine the possible metabolism of these 
microorganisms. Biologic morphology of potential microfossils is determined through optical 
and confocal laser scanning microscopy, and biogenicity is further suggested geochemically 
through Raman Spectroscopy. Preliminary analyses reveal variations in microfossil morphology 
and in the geochemistry of the kerogen (fossilized organic matter) in one of the outcrop sites, 
appearing much more physically degraded than microfossils observed from the core sites or in 
the second outcrop site. It is hypothesized that the fossils within the first outcrop site experienced 
degradation due to microbial activity.    

  Additional investigations of the 2.5-billion-year-old microfossils are conducted here in 
order to understand these preservation differences through the use of Raman spectroscopy and 
mass spectroscopy of the stable isotopes of carbon. In order to confirm the hypothesis above, 
further interpretation of Raman signals have been conducted through deconvolution of the 
Raman spectra and by comparing values of the Raman Index of Preservation (RIP). Bulk and 
focused mass spectroscopic analyses of δ13C values of kerogen within chert samples highlight 
further the geochemical variations of microfossils at varying degrees of preservation, along with 
their possible metabolism or environmental influences at time of deposition.    
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 The Cretaceous/Paleogene (K/T) mass extinction is unique among major extinction 
events in that its ultimate cause (the Chicxulub impact) perturbed Earth systems on times scales 
shorter than the current rate of anthropogenic changes (K/T- seconds to decades; anthropogenic- 
decades to centuries). Thus, the geologic record of the interval immediately following the impact 
provides an empirical perspective on the response of Earth systems to extremely rapid, global 
perturbations not available from studying other deep time events. Temperature changes predicted 
to have occurred as a consequence of the impact include an infrared pulse due to frictional 
heating of ejecta re-entering the atmosphere lasting for as little as ten minutes, an impact winter 
due to atmospheric loading with dust, soot, and sulfate aerosols lasting months to a couple of 
decades, and an interval of greenhouse warming due to addition of CO2 to the atmosphere from 
volatilized carbonates in the target area and burning of biomass lasting on the order of 100,000 
years. Despite the potential importance of these predictions for understanding the earliest 
Paleogene and the next century, little direct evidence constrains the predictions. Problems 
include the fact that preservation generally is not good enough in most early Paleogene samples 
to apply the carbonate-δ18O paleothermometer with confidence and the fact that most sections 
are not demonstrably complete and expanded enough to resolve changes on relevant time scales. 

 

We have tried to address both concerns by studying the oxygen isotopic ratios of fish 
debris from the El Kef section in Tunisia. The El Kef section is the Global Stratotype Section 
and Point for the K/T boundary with established chronostratigraphic events documented in the 
section that allow for recognition of changes that occurred on 103 to 104 year time scales. Fish 
teeth, bones and mineralized scales are composed of bioapatite, a phase in which original δ18O 
values are more resistance to diagenetic alteration than are the δ18O values of carbonates. In ~25 
samples spanning the highest 2 m of the Cretaceous and lowest 9 m of the Paleogene, we found 
relatively stable and high values in the Cretaceous samples, a 1 to 1.5‰ decrease in δ18O values 
within the lowest 25 cm of Paleogene strata, an interval of relatively stable and low values from 
0.3 to 3 m above the boundary, and an increase to pre-boundary δ18O values at 4.5 m that 
extends to at least 9 m above the boundary. Using published biostratigraphic events to construct 
an age model and assuming the δ18O changes are due solely to temperature, these results suggest 
4-6°C warming starting within the first few thousand years after the impact and lasting for 
~100,000 years. This conclusion matches well with the predicted pattern of a CO2-induced 
interval of greenhouse warming initiated by the impact. 
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 The fossil record of shallow marine ecosystems dominates our knowledge of early life on 
Earth. To gain a more complete picture of life’s early evolution it is important to consider the 
whole range of potentially inhabited environments, including terrestrial systems. In order to 
improve our understanding of life in paleolacustrine settings, this project will assess the organic 
geochemistry and stable isotope geochemistry of a stromatolitic chert-carbonate unit within the 
Mesoproterozoic Sibley Group of Canada. The Middlebrun Bay Member of the Rossport 
Formation has previously been described in detail and is interpreted as a shallowing-upward 
sequence of fluvial-lacustrine sediments exposed to increasingly arid conditions and heightened 
salinity levels. 
 
 The colonization of the terrestrial biosphere remains a subject of considerable debate 
within the scientific community, and demonstrating the biogenicity of Precambrian stromatolites 
has proven difficult in the absence of well preserved microbial fossils. Preliminary data suggests 
fossil microorganisms may be preserved, which would have had metabolisms conducive to living 
in such an environment, and the geochemistry of this unit provides evidence supporting a 
biological origin. The Mesoproterozoic is thought to represent a period of relatively stable 
oceanic conditions, however the environmental dynamics of continental settings, including a 
potential biosphere, are currently unresolved. 
 
 Raman spectroscopy has demonstrated the kerogenous composition of organic matter 
within individual stromatolitic layers, and data obtained from these analyses reveals the degree 
of thermal maturity in primary carbonaceous material. For total organic carbon, this unit shows 
an average value of 0.42 mg/g, comparable to other fossil-rich units of ancient lacustrine 
environments. Carbon isotope analyses of extracted kerogen show an average δ13C value of  
–28.7‰, suggesting this ecosystem was likely dominated by photosynthetic fixation pathways. 
Further data obtained from these investigations will provide new information regarding the 
evolution of life in Precambrian terrestrial environments. 
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 Conodont elements are mineralized teeth-like  structures from an extinct group of marine 
organisms that represent an important evolutionary step in the development of mineralized 
skeletons. Conodonts have an extenstive fossil record and are excellent tools for biostratigraphic 
correlations and geochemical studies. These applications are limited in a large part by our 
understanding of conodont life history. Complicating attempts to address conodont biology and 
ecology is the fact that the elements are the only mineralized tissue and typically all that is 
preserved are collections of discrete elements. As such, most studies have focused on 
quantitative analyses of element associations, abundances, and facies associations as well as 
element histology and wear patterns. Despite the contributions of these studies, little consensus 
exists regarding some important aspects of conodont ecology including habitat preferences and 
possible changes through ontogeny.  

 
Oxygen isotope paleothermomtery has the potential to provide new constraints on 

preferred habitats. Temperature and salinity vary in a predictable manner with water depth and 
distance from shore and may be recorded by oxygen isotopic ratios. Previous studies have 
demonstrated the efficacy of this method in reconstructing water depth preferences of 
foraminfera, cephelopods, and fish. To provide unique insights into questions about conodont 
ecology we meaured δ18O values from Late Ordovician conodont assemblages from the Upper 
Mississippi Valley. These data were combined with previously published results from North 
America to compile a dataset composed of 212 measurements from 8 conodont species spanning 
the upper Sandbian to Katian Stages. These data were used to statiscally test possible differences 
among taxa. 

 
Our results record a narrow range of δ18O averages for the species analyzed suggesting 

that the majority of these taxa lived at comparable temperatures, but there are some notable 
exceptions. Results from co-occuring Phragmodus undatus and Drepanoistodus suberectus 
elements show a statistically significant offset of 0.3‰ (n=25; T-test:, p=0.01 and Wilcoxon test: 
p=0.011). Similarly, co-occuring D. suberectus and Panderodus gracilis elements are on average 
offset by 0.3‰ (T-test: n=21, p=0.001 and Wilcoxon test: p=0.003) and averages for Ph. undatus 
and Pa. gracilis elements are offset by 0.3‰. These results suggest that these species 
preferntially lived at different water depths and that resovable temperature differences do exist. 
Temporal variability in the degree of offset observed between D. suberectus and Ph. undatus 
from the early to the middle-late Katian suggests that habitat partitioning might have varied 
perhaps due to interactions among species or external influences (e.g. climate, sea level, water 
turbidity). In sum, oxygen isotope paleothermometry can provide important and unique 
perspetives on conodont paleoecology and comprehensive studies focusing on quantitative 
analysis of large δ18O datasets can shed some light on “those fascinating little whatizits”. 
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 The ratio of deuterium/hydrogen (D/H) in lipids is an informative parameter in organic 
geochemistry, with applications ranging from paleohydrological reconstructions to microbial 
metabolism. We are undertaking a set of experiments designed to understand, at the level of the 
metabolic network within cells, which biological controls affect the D/H ratios of lipids. 
Reduced dinucleotides, particularly NADPH, act as hydride donors during lipid biosynthesis. For 
this reason, the dinucleotide metabolism, as well as the isotopic composition of transferrable 
hydride is likely to play an important role in determining the deuterium/hydrogen (D/H) ratio of 
lipids. A major class of enzymes that can effect dinucelotied metabolism are transhydrogenases: 
enzymes that catalyse the interconversion of purine dinucleotides: 

NADPH + NAD+  NADP+ + NADH. 

of NADP to NADPH; NADPH acts as a reducing agent during lipid biosynthesis. Its enzymatic 
role in central metabolism is implicated in setting lipid D/H ratios in many bacterial systems (1, 
2, 3), and fractionation between these lipids and media source water vary  up to 150 permil in 
these organism (1). We have investigated the roles of metabolism and enzymatic influence on 
D/H isotope ratios in two bacteria,  Methylobacteria extorquens AM1 and Escherichia coli. 

In wild type M. extorquens grown on single-carbon compound, such as methanol, 
NAPDH is produced by the tetrahydromethanopterin (H4MPT) pathway, and lipids are enriched 
relative to source water by ~80 permil.  In engineered M. extorquens mutants, H4MPT has been 
inactivated and replaced with a non-orthologous pathway that produces NADH. In these strains, 
NADPH is produced through upregulated transhydrogenase pntAB, and lipid dD is relative to 
water by ~200 permil. In this work we investigate the effect on dD through regulated expression 
of pntAB on an inducible promoter. We also report dD results from E. coli mutants in which 
central metabolism has been perturbed, altering the expected expression of pntAB (4). We 
explore these correlations to lipid D/H ratios with long term goal of determining interpreting 
environmental lipid D/H ratios.  

 

 

 

(1) Zhang et al. (2009) PNAS 106, 12580-86  (2) Bradley et al., (2014) Evaluating the role of transhyrogenases in lipid D/H 
ratios,  B51J-0131, presented at 2014 Fall Meeting, AGU, San Francisco  (3) Leavitt et al. (2015) Fractionation of H and S 
isotopes in sulfate reducing bacteria with perturbed central energy metabolism. Goldschmidt Conference, 2015, Prague, Czech 
Republic. (4) Chou et al. (2015) PLoS Genet 11(2): e1005007  
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 Phototrophic organisms mediate Fe(II) oxidation at circumneutral pH via the use of 
electrons from Fe(II) directly in photosynthesis (e.g. photoferrotrophs), or as an indirect process 
resulting from chemical oxidation with oxygen produced during oxygenic photosynthesis (e.g. 
cyanobacteria). Fe(III) (oxyhydr)oxide minerals readily precipitate at circumneutral pH, but 
many Fe(II)-oxidizing microbes are able to template or localize precipitation, or secrete organic 
ligands that maintain Fe(III) in a soluble form. These different strategies for dealing with Fe(II) 
and Fe(III) may represent mechanisms to mediate metal (Fe) toxicity, prevent cell encrustration 
by minerals, or maintain soluble pools of Fe, but can be difficult to unravel without utilizing 
multiple, complementary analytical techniques. 
 

I will present Fe isotope data collected on the different phases of Fe present during batch 
Fe(II)-oxidation experiments with a marine photoferrotroph, and with a marine cyanobacteria. 
Mathematical fits of the isotopic data have been useful in determining how many steps and 
intermediates are involved in the Fe(II) oxidation and Fe(III) pathways pathways by each 
organism. Observations using confocal laser scanning microscopy (CLSM) in combination with 
fluorescent dyes for cell components and fluorescent sensors for soluble or ligand-bound Fe(III) 
have been instrumental in identifying the nature and behavior of intermediate phases in Fe(III) 
precipitation. Synchrotron-based X-ray total scattering and X-ray absorption spectroscopy 
(XAS), along with Mössbauer spectroscopy, have identified structural characteristics of the 
Fe(III) (oxyhdr)oxides, which likely form as a result of the organic and inorganic ligands in the 
incubations.  

 
By combining the Fe isotope, CLSM, and mineralogical data, specific mechanisms for 

Fe(II) oxidation and Fe(III) precipitation in these strains has be proposed. For instance, the 
photoferrotroph excretes extracellular polymeric substances that help to maintain Fe(III) as a 
soluble phase so that it precipitates away from the cell, circumventing encrustation. In the 
cyanobacteria studied, a significant fraction of Fe(III) sorbs to the cell surface instead of 
precipitating. This may be a strategy that modern cyanobacteria utilize to take up Fe, which is in 
exceedingly low concentrations in modern seawater. These studies and the ensuing 
interpretations have application to understanding modern biomineralization processes, but may 
also be useful in interpreting isotopic, mineralogical, and compositional variations in Fe-rich 
chemical sediments postulated to form from microbial Fe(II)-oxidation, for instance the Banded 
Iron Formations (BIF) that formed much earlier in Earth’s history.  
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 Bacteria play an integral role in the biogeochemical cycling of a wide range of metals. 
Because adsorption is the first step in metal bioavailability for many processes, it is crucial to 
determine the identities and thermodynamic stabilities of the important metal-bacteria surface 
complexes in order to construct rate laws for metabolic processes that involve those metals. In 
this study, we measured the thermodynamic stabilities of the important Mn-bacteria complexes 
that form on two manganese oxidizing bacterial species in order to serve as a foundation for 
kinetic rate laws of biogenic Mn oxidation. We measured Mn adsorption as a function of time 
and pH in order to determine the functional groups involved in Mn binding. 

Mn(II) adsorption experiments were conducted using the manganese oxidizing bacteria 
P. putida and B. subtilis under anoxic conditions, inside a glovebox chamber with a gas 
composition of 95% N2 and 5% H2, in order to ensure little to no oxidation of Mn(II). A known 
mass of wet cells was added to a weighed volume of 0.1 M Na(ClO4)2 electrolyte solution 
containing 4 ppm of Mn (II) (as Mn perchlorate) to form a parent cell suspension of 20 g wet cell 
L-1. We first conducted adsorption kinetics experiments in which the parent solution pH was 
adjusted and held at pH 6.5, and samples were collected at 0.5, 1, 2, 3, and 4 hour time intervals. 
For the Mn(II) adsorption experiments as a function of pH at fixed ionic strength and 
metal:bacteria ratio, the parent solution was divided into individual Teflon test tubes, and the pH 
of each test tube solution was adjusted using small aliquots of 0.2 M NaOH or 0.2 M HNO3 to 
cover the pH range of 3.0 to 8.0. The final pH of each system was measured prior to sampling. 
The bacteria-Mn(II)-electrolyte suspension was centrifuged at 11,060 g for 5 min, filtered 
through a 0.45 µm nylon filter, and acidified to prevent metal precipitation. Mn(II) remaining in 
solution was determined by ICP-OES at a wavelength of 257.610 mm. The Mn(II) adsorbed onto 
bacteria was determined by difference between this value and the known total Mn(II) in each 
system.  

The Mn(II) adsorption kinetics experiments indicated that B. subtilis and P. putida 
adsorbed a maximum of 65.0% and 95.5% of the total Mn(II), respectively, at pH 6.5. The 
maximum removal of Mn(II) by B. subtilis and P. putida was reached at 3hrs and 1hr, 
respectively. P. putida exhibited a faster adsorption rate and a larger Mn(II) adsorption extent 
than B. subtilis. The extent of Mn(II) adsorption increased with increasing pH for both bacterial 
species. Mn(II) adsorption onto both bacterial species was modeled using a discrete site non-
electrostatic surface complexation model using FITEQL 2.0 (Westall, 1982). The B. subtilis and 
P. putida datasets each required Mn binding onto 3 sites to account for the adsorption behavior 
as a function of pH, and the data constrain the values of the stability constants for each metal-
bacterial complex. The Mn(II)-site stability constants (log Kads) for B. subtilis are 2.62 (site 1), 
2.68 (site 2), and 2.48 (site 3) and for P. putida are 2.82 (site 1), 3.64 (site 2), and 4.04 (site 3). 
Calculated log Kads for Mn(II)-site complexes are different between the two studied bacteria, 
indicating that stability constants for different species can vary and values must be determined 
for each species of interest. The thermodynamic parameters determined in this study will serve 
as a basis for our upcoming studies of bacterial Mn(II) oxidation kinetics. 
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 The anthropogenic use of uranium in many U.S. Department of Energy (DOE) sites and 
historic uranium mining sites has resulted in widespread uranium contamination of groundwater 
and sediment. Microbial reduction of soluble U (VI) to insoluble U(IV) can strongly affect the 
mobility and partitioning of uranium in the environment, and it has also been viewed as a 
promising strategy for the remediation of uranium contaminated sites. However, the microbial 
reduction of uranyl peroxide nanocluster, a class of newly-discovered uranium compounds that 
may be prevalent in peroxide-generating geologic and/or engineered systems, has not been 
reported so far.  

  

 In this study, we conducted a series of reduction experiments using a representative 
uranyl peroxide nanocluster, U60 (K16Li44[UO2(O2)OH]60) and a uranium-reducing bacterium, 
Shewanella oneidensis MR-1. The results show that U60 was successfully reduced by 
Shewanella oneidensis MR-1 in the absence of O2, and the U (IV) that is produced from the 
reduction reaction can be fully re-oxidized after exposure of air. We found that the reduction 
kinetics for U60 was significantly slower than that for aqueous uranyl acetate, and higher initial 
concentrations of bacteria or U60 resulted in faster reduction kinetics. Our results indicate that 
U60 aggregates bigger than 450 nm formed immediately upon mixing with the bacterial growth 
medium, and that these aggregates were gradually broken down during the process of reduction. 
Neither reduction nor dissolution of U60 was observed during 72 hours of control experiments in 
the air using the same conditions as the reduction experiments, indicating that the breakdown of 
U60 aggregates is likely caused by the reduction of U60, and that Shewanella oneidensis MR-1 is 
able to directly reduce the U(VI) within the U60 nanoclusters, likely through direct contact or 
adsorption of the nanocluster onto the bacterial cell envelope. This study is first to show the 
reduction capacity of bacteria for uranium nanoclusters, and will result in better understanding 
and prediction of the long term fate of uranium in the environment.  
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Investigating the Dissolution of Carbonate Rocks by Marine Lithotrophic 
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The dissolution of carbonate rocks by acid-producing microbial processes in poorly-buffered 
non-marine settings is a topic of ongoing research. However, few studies have addressed the 
dissolution of carbonate rocks under buffered marine conditions. We have observed indicators of 
corrosion that correlate with the presence of sulfide-oxidizing bacteria on carbonate rock samples 
that were recovered from marine methane seeps. The end-product of sulfide-oxidation under 
aerobic conditions is sulfuric acid, which could lead to carbonate dissolution if proton release is 
concentrated at the mineral surface. However, other dissolution mechanisms are also possible. 
  
This project will investigate microbial processes that could result in the dissolution of carbonate 
rocks under marine conditions. The research will use an experimental approach, in addition to 
the characterization of natural samples, to address the following questions: 1) What are the 
processes and rates of carbonate dissolution associated with bacterial sulfide oxidation under 
carbonate-buffered conditions? 2) Do these chemoautotrophs benefit from carbonate dissolution? 
3) Does microbial dissolution of carbonate rocks produce features that can be preserved in the 
rock record and/or be used as biosignatures?  

 
The rate and potential metabolic benefit of carbonate dissolution will be determined using 

laboratory strains that possess different sulfur oxidation pathways, which will be incubated in a 
biofilm reactor in the presence of select carbonate and control minerals (e.g., chert).  To date, we 
have assessed the capacity of our selected strains to grow and survive under our experimental 
conditions. Currently, we are assessing strain specific rock substrate preferences in our biofilm 
reactors.  Soon we will be transitioning to long-term continuous culturing in the biofilm reactors 
to further address questions #1 and #2 above.   Here we present our protocols we have developed 
to run to run the bioreactors and assess bacterial attachment to our minerals.  Preliminary data 
will be presented as well. 
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 Purple bacteria are phototrophs that carry out anoxygenic photosynthesis and thus, unlike 
cyanobacteria, do not evolve O2 during growth. They contain either bacteriochlorophyll a or b as 
the primary photosynthetic pigment. Phylogenetically, purple bacteria group within the 
Proteobacteria, a large and metabolically diverse phylum. Purple bacteria can grow either 
phototrophically or chemotrophically in darkness using organic compounds as carbon and energy 
sources. Rhodoferax antarcticus is an unusual purple bacterium in that it is a psychrophile with 
optimal growth occurring at 15−18°C. It was isolated from a microbial mat sample from a pond 
near Cape Royds, Ross Island, Antarctica, and it is currently the only described anoxygenic 
phototroph to show substantial cold adaptation. We are in the final stages of annotating and 
analyzing the complete genome sequence of Rhodoferax antarcticus. Key features of the genome 
include photosynthesis genes arranged in a superoperonal gene cluster, genes that encode 
enzymes for bacteriochlorophyll biosynthesis and carbon fixation, and a large gene cluster that 
includes all genes necessary for nitrogen (N2) fixation via a molybdenum-type nitrogenase. 
Thorough characterization and analysis of the R. antarcticus genome should significantly 
broaden our knowledge of adaptations necessary for a photosynthetic lifestyle in a permanently 
cold environment.  
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 Subsurface oil spills have long-term impacts on the microbial, geochemical and 
geophysical characteristics of contaminated sites. Microorganisms degrade oil aerobically 
quickly, but as respiration gradually depletes the oxygen from contaminated sediments, microbes 
must turn to less energy efficient terminal electron acceptors. As a result, gradients of microbial 
communities using different terminal electron acceptors develop over time. Their metabolic 
activities change the geochemistry and geophysics of the polluted sediments. One such 
geophysical parameter that may be affected by changes in microbial communities is magnetic 
susceptibility (MS). Iron-reducing bacteria that degrade hydrocarbons are able to precipitate 
magnetite, and an increase in magnetite may produce an increase in MS. Therefore, MS 
measurements could be used to monitor microbial degradation of hydrocarbons over time. In 
order to explore whether MS is influenced by microbial community structure, we used a 16S 
rRNA gene high-throughput sequencing approach to characterize microbial communities from an 
aged oil spill site in Bemidji, Minnesota. In the first year of sampling, we found zones of 
elevated MS around the water table of the free phase oil plume. However, in successive years, 
the MS decreased. Despite changes in MS, the microbial community composition was fairly 
similar in four consecutive years, consisting mainly of hydrocarbon fermenting bacteria of the 
phylum Firmicutes, syntrophic δ-Proteobacteria, and methanogenic Archaea. The unexpected 
finding that a methanogenic community instead of an iron-reducing community is dominant at 
the water table may indicate that Archaea are occasionally reducing iron and driving the 
elevation of MS in the oil plume. 
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 Microbialites are a conspicuous component of much of the sedimentary rock record, and 
provide some of the earliest evidence of life on Earth. Thus, these structures provide great 
potential to enhance our understanding of Earth history. However, our ability to interpret the 
information preserved in microbialites is complicated by our lack of understanding of the 
processes that drive microbialite formation and growth. Modern environments where 
microbialites are actively forming offer the ability to study the development and growth of 
microbialites in situ as an analog for their formation in ancient environments. One such 
environment is Laguna Negra, a high alpine hypersaline lake located in the Puna region of 
northwestern Argentina, which contains a zone of microbialite formation at its southeastern 
margin. Laguna Negra has thus far been only minimally studied and many questions remain 
about the processes driving microbialite formation at the lake.  

 
The microbialites at Laguna Negra exhibit several distinct morphologies (oncoid, 

stromatolite, and laminar crust) transitioning laterally across the lake edge. The presence of this 
diverse set of morphologies within a relatively small spatial scale make Laguna Negra a 
compelling location to study the processes that drive microbialite growth and their impact on 
fossil form. Deciphering the geochemical differences both between and within each microbialite 
morphology will help to elucidate the mechanisms controlling their formation. For this purpose, 
a representative example of each of the morphological endmembers observed at Laguna Negra 
was analyzed for variability in elemental abundances. Elemental mapping was completed via 
electron-probe microanalysis (EPMA) to qualtitatively analyze differences in elemental 
abundances within the microbialites. Spot analyses were then performed on points of interest 
identified from the elemental maps in order to provide quantitative values for comparison. 
Variability in elemental abundance was observed between individual microbialite layers and the 
morphological endmembers. Differences were observed in magnesium and silicon abundances, 
which is potentially indicative of mineralogical differences. The abundance of minor elements  
manganese, strontium, and aluminum are also variable, which may be indicative of geochemical 
changes in the water where the microbialites precipitated. Overall, the observed changes in 
elemental abundances imply that both spatial and temporal geochemical changes are preserved in 
the microbialites. Future work will focus on more detailed analyses of mineralogy and both 
physical and organic geochemistry to better constrain the sources and meaning of the variability 
in elemental abundances observed in this study. 
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 The distinction between biotic and abiotic control on microbialites formation and its 
signatures is relevant since stromatolites are considered the oldest evidence for life on Earth and 
a target for astrobiological research. The Laguna Negra is a shallow hypersaline lake placed at 
the Andes, Northwest Argentina, where carbonate microbialites and microbial mats develop. It is 
a unique system where microbial influence on carbonate precipitation and potential preserved 
biosignatures in the microbialites can be studied. Here we compare three distinct microbialites 
systems: carbonate laminar crusts with no visible microbial mats, stromatolites and dm-size 
oncoids, both related with different microbial mats. Our goal is to unravel the biotic controls on 
their formation, and the biosignatures there recorded. 
 

Laminar crusts are composed of stacked regular and isopachous carbonate lamina. 
Oncoids laminae are typically characterized by irregular hybrid micro-textures, composed of 
alternating micritic and botryoidal laminae, and the stromatolites are mostly composed by 
irregular micritic laminae. Sulfur isotopes of carbonate associated sulphate show similar values 
but they show differences in the pyrite sulfur isotopes suggesting differences in the fractionation 
degree, possibly related to sulphate reducing bacteria and variable sulphate reservoirs in the case 
of stromatolites and oncoids. δ13C fractionation between organic carbon and carbonates suggests 
photosynthesis, but other metabolisms cannot yet be discarded. 16S rDNA data of the microbial 
communities associated with the carbonate structures indicate the presence of these taxonomic 
groups and those that are known to influence carbonate precipitation, particularly in the 
stromatolites associated microbial community. 

 
 Our data indicate significant differences between the three systems in terms of stable 
isotopes, textures and associated microbial diversity, suggesting a microbial control on 
stromatolites and oncoids formation in the Laguna Negra. Further studies may provide a valuable 
contribution on biosignatures preservation and recognition that can shed light on understanding 
the early biosphere record. 
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Coral skeleton density banding (CSDB) patterns as revealed by X-radiography (XRD), in 

combination with O-isotope paleothermometry, serve as a fundamental data set for the 
reconstruction of sea surface temperature (SST). Accuracy in these historical SST estimates 
requires that mechanisms controlling the frequency of CSDB deposition are well understood. 
However, key questions remain untested, including whether CSDB is consistent within and 
between coral heads, as well as exactly how high-density bands (HDB) and low-density bands 
(LDB) are formed during annual high and low SST, respectively. In addition, the possible role 
that seafloor syn-depositional diagenesis may play in accentuating and altering CSDB also 
requires further investigation. 

In the present study, we reconsider these assumptions by integrating high-resolution thin 
section petrography with a suite of newly developed quantitative analyses of XRD CDSB image 
analyses (Fig. 1). These have been completed on 2 mm- and 5 mm-thick billets cut from the 
center of a single head of Orbicella annularis collected from the Caribbean island of Curacao. 
Image analysis of XRD CSDB patterns included: (1) reflected light imaging with a digital SLR 
camera; (2) high-resolution transmitted light imaging on skeleton thin sections; (3) raw XRD to 
reveal the CSDB; (4) CLAHE enhancement of low-contrast XRD images; (5) Matrix Kernel 
(MK) to decouple vertical and lateral skeletal structures; and (6) Fast Fourier Transform (FFT) 
based frequency filtering to decouple as well as to investigate the influence of vertical and lateral 
XRD CSDB.  

XRD CSDB patterns do not yield crisp, clear, well-defined and unambiguous HDBs and 
LDBs (Fig. 1). Indeed, fine banding patterns combine to form coarse bands. When comparing 
adjacent slices from the same coral head, banding patterns were generally similar and 
correlatable. Conversely, some bands were absent between billets, and thick bands on one billet 
were represented by two thinner bands on the adjacent slice. The difficulties in identifying an 
annual banding pattern means that the timeline used to determine historical SST from O-isotopes 
might not be accurate. Furthermore, the variable patterns between adjacent billets suggest that 
biological factors likely play a role during CSDB formation. These biotic influences on CSDB, 
and its use to temporally constrain O-isotope paleothermometry, will significantly impact SST 
reconstructions.  

	  

Fig. 1  CSDB image analysis (left) 
and corresponding density (right) 
for a 5mm thick slice of O. 
annularis coral skeleton. 
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Are non-calcifying haptophytes significant contributors of marine alkenones? 
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Following their discovery [1,2], alkenones have acquired prominence among biomarkers because of their role as sea surface temperature proxies 
[3]. Evidence that their biosynthesis is restricted to specific prymnesiophyte genera [4] has been substantiated [5], and also confirmed by genetic 
analyses [6]. This biological specificity has facilitated use of alkenones as indicators of haptophyte contributions to sedimentary organic matter 
(OM) and as measures of past haptophyte productivity [7]. Thus, records of alkenone abundances during glacial/interglacial cycles and other 
climatic events have enabled elucidation of the response of haptophytes to palaeoclimatic and palaeoceanographic changes [8]. Yet, application 
of temporal variations in alkenone concentrations in marine sediments as indicators of haptophytes relies on a series of assumptions associated 
with controls on alkenone synthesis and their preservation during settling through the water column and sediment deposition. First, it presumes 
that alkenone production is proportional to the biomass of its source organisms (e.g., Emiliania huxleyi, Gephyrocapsa oceanica), although their 
concentrations vary significantly [9-12]. Second, it requires that alkenones are synthesized in consistent quantities throughout all growth phases, 
whereas culture experiments [9,13] have shown significant differences in alkenone concentrations during haptophyte growth. However, the effect 
of variations in alkenone production may be lessened if their seasonal flux predominantly reflects contributions during a bloom event when 
copepod grazing yields a dominant pulse of alkenones, or a specific growth phase such as settling of senescent remnants after a bloom. Third, it 
assumes that all producers synthesize equivalent concentrations of alkenones since major discrepancies among haptophyte species could weaken 
the correspondence between algae and alkenones. Finally, it entails that any alkenone losses during sedimentation and post-depositional alteration 
[14] remain proportional to the overall degradation of OM. Most marine sediment cores show a marked decrease in the absolute concentrations of 
alkenones within the upper few cm [15], accompanying OM burn-down. However, variations in O2 exposure time affect the accumulation rate 
and distributions of biomarkers in sediments, leading to misinterpretation of fluctuations in productivity and/or phytoplankton assemblages [16]. 
Given the aforementioned considerations it can be argued that the possibility of relating alkenones with their haptophyte precursors is best 
addressed by use of independent measures of algal contributions, such as determination of the flux or sediment abundance of coccoliths [17,18]. 
A few studies have conducted such assessments of alkenones in parallel with haptophyte cells or coccolith numbers, albeit not without surprises. 
For example, measurement of algal populations by flow cytometry in the waters in Monterey Bay reveals that haptophytes comprise a small but 
significant fraction of the plankton assemblage (0.5–30%). However, the variable concentration of alkenones in the same water samples correlate 
poorly with haptophytes, indicating that these algae must either contain low cellular abundances of alkenones (0.4–5% Corg) and/or represent 
populations among which alkenone producers are weakly represented [19]. Similarly, investigation of temporal fluxes of alkenones in concert 
with coccolithophorids in sediment trap samples from the Gulf of California provides an opportunity to explore whether concentrations of the 
former mirror the cell abundances of the latter. The traps contain the two dominant alkenone producers in the modern ocean, E. huxleyi and G. 
oceanica, which both show temporal variations in their fluxes. The abundance of alkenones closely corresponds with E. huxleyi during a fall 
bloom in 1992, whereas the elevated alkenone concentrations during the equivalent time interval in 1991 are associated with minimal amounts of 
haptophyte precursors. Thus, it appears either that production of alkenones is at times varying independently from the populations of their source 
haptophytes or that the traps are capturing significant alkenone contributions from non-calcifying haptophytes. The latter possibility echoes 
concerns that alkenone proxies are representative of a limited proportion of coccolith species [18], augmented by recognition of life-cycle [20], 
species [11,21] and environmental controls on coccolithophorid calcification [12,22-26]. It also has significant implications for efforts to identify 
ancestral alkenone producers, which is wholly dependent on evaluation of co-occurrences of alkenones and putative source haptophytes preserved 
as coccoliths in the sedimentary record [27-30]. The primary candidates are Reticulofenestra spp. [27,28], although the lack of correspondence 
between alkenone concentrations and the total abundances of this genus, its individual constituent species, and other haptophyte genera in suites 
of sediments [29-34] suggests that alternate candidates are needed. This apparent absence of a relationship between the abundance of alkenones 
and their putative source organisms lends support to the argument that contributions of non-calcifying haptophytes may indeed be significant in 
the marine environment, which merits further assessment of evidence for such sources of alkenones throughout the sedimentary record. 
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 Here, we describe efforts to build upon previous work suggesting that the isotopic offset 
(usually called εpy or Δ34S) between δ34Spyrite and a proxy for seawater sulfate, such as δ34SCAS or 
δ34Sbarite, in the sedimentary rock record is a function of – not only sulfate abundance or the 
relative importance of bacterial sulfate reduction vs. disproportionation in the ancient ocean – but 
also the depositional environment the rocks were deposited in.  
 
 We present a method for the extraction of authigenic pyrite from modern sediments. The 
extraction process involves centrifugation of samples in lithium polytungstate (LST), a non-toxic 
heavy liquid. We demonstrate the ability of this method to reproducably target specific size-
fractions of pyrite, which is essential for maximizing the extractability of the fraction of the 
sample suitable for analyzing later.  
  
 We propose a method for the analysis of framboidal pyrite extracted from modern 
sediments. This involves the use of secondary ion mass spectrometry (SIMS), in order to provide 
high precision S-isotope analysis of grains less than 10 micrometers in diameter. We demonstrate 
that SIMS can generate a large population of data (typically >50 separate isotope measurements) 
for a small sample (e.g. 1 gram of dry sediment), allowing isotope histograms to be generated for 
each sample. By using a chi-squared test, these data histograms can then be evaluated for their 
agreement (and the significance or lack thereof of this agreement) with histograms generated by 
a 1D reaction-transport model. The high resolution of the data generated by this method should 
allow potentially complex histories of depositional conditions and diagenesis to be unravelled. 
We discuss how specific diagenetic processes (e.g. closed- vs. open-system sulfate reduction; 
repeated abiotic vs. biological sulfide oxidation events, changes in electron donor/acceptor 
availability, and iron abundance) might be manifested in the histograms generated from 
populations of framboidal pyrite in marine sediment. Particularly in sediments deposited in 
shallow marine environments characterized by frequent large-magnitude reworking events, the 
bulk (i.e. mean) δ34S signal of a sample likely encodes an array of information regarding the 
complex early-stage diagenesis of that sediment. It could be that decoding such information 
using high-resolution methods such as SIMS-analysis will eventually provide clues about the 
physical and chemical characteristics of the ancient ocean. 
 
 Finally, we describe efforts to simulate diagenetic processes occurring in modern marine 
sedimentary environments using a 1D reaction-transport model. We show that integrating the 
model’s pyrite output with depth should generate similar histograms to those generated from the 
SIMS pyrite data. This would provide a method to test the legitimacy of interpretations made 
about higher-resolution pyrite data from marine sediments and perhaps consolidated sedimentary 
rocks. 
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Nachusa Grasslands, located in Franklin Grove, IL, is a successful long-term effort 
restoring Midwest agricultural land to mosaic tall-grass prairies.  In order to further enhance 
natural conditions for prairie restoration, more than 30 bison (species Bison bison bison) were 
reintroduced into 500 acres of enclosed prairie in November 2014.  The goal of our work is to 
understand how nutrient influx and microbial communities in bison feces affect the microbial 
community of the prairie soil.  The bison enclosures include areas of restored prairie lands that 
were re-planted at nine different time-points over the last 16 years, including remnant lands that 
we never tilled fields.  Bulk soil, taken from both areas influenced by bison and those excluded 
from bison grazing, was sampled biweekly throughout the spring to fall seasons.  In addition, we 
sampled soil in and around undisturbed fecal patties during a three-week period to examine their 
direct impact on soil geochemistry and microbial diversity.  A preliminary set of samples, both 
soil and fecal, were analyzed for geochemistry and 16S rDNA amplicon sequencing.  Initial 
community analyses suggests a correlation of decreasing Proteobacteria in proximity to the feces 
with a coordinated increase in Verrucomicrobia and Acidobacteria clades typically associated 
with healthy prairies. Continuing studies at Nachusa Grasslands will establish whether these 
changes in ecological structure due to fecal deposits are temporary or have long term impacts on 
the microbial communities and, ultimately, the prairie ecosystem as a whole.   
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 Eagle Creek Reservoir (Central Indiana) is a drinking water supply reservoir providing 

water to the City of Indianapolis. This water body very frequently witnesses seasonal blooms of 
Cyanobacteria or blue-green algae that can cause a multitude of water-quality impairments. 
Many of these organisms have the ability to produce taste-and-odor (T&O) compounds which 
may have a significant economic impact on lakes, reservoirs, and rivers that are used for 
drinking-water supply, recreation, or aquaculture. In Eagle Creek Reservoir, most of the odorous 
compound detections of 2-methylisoborneol (MIB) and, trans-1,10-dimethyl-trans-9-decalol 
(geosmin) are very often associated with the growth of cyanobacteria in raw water. Removal of 
these odorous compounds is very costly for water utilities and application of an algaecide 
treatment is always the ultimate solution for managers trying to knock down the producers. 
Before coming up with a copper-remedy that can have more negative side-effects on the aquatic 
ecosystem and other freshwater organisms, it is wiser to understand the environmental factors 
which are important triggers for the cyanobacterial growth. Understanding the complexity of 
these factors could be used as a forecasting tool to predict the appearance of potential T&O-
producing organisms. 

 
 Water samples were collected biweekly, between 2012 and 2014, from April to October, 
at three different locations in the reservoir; i.e. near the dam, in the middle and in the upper basin 
in order to characterize the spatial and temporal variability of algae and physicochemical 
parameters. Descriptive statistics and a Canonical Component Analysis (CCA) highlighted the 
fact that the growth of taste-and-odor producing cyanobacteria was favored when the reservoir 
waters were mixed, turbid and enriched with nutrients (nitrogen and phosphorus). Most of the 
T&O episodes occurred during the reservoir turn-overs in spring and/or fall. The main blue-
green species incriminated in Eagle Creek Reservoir are two filamentous Oscillatoriales: 
Pseudanabaena limnetica and Planktothrix agardhii. 
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Thiomargarita spp. are the largest known Bacteria, reaching up to 750μm in diameter. 
Thiomargarita live in marine sediments at the oxic/anoxic interface where they can utilize both 
nitrate and oxygen to oxidize sulfide. These organisms play an important role in global carbon, 
sulfur, nitrogen and phosphorous cycling. Thiomargarita is a part of a large and diverse sediment 
community, but within its own sheath Thiomargarita may contain its own microbiome. 
Thiomargarita cells are often enclosed in a sheath of extracellular polymeric substances in which 
we have observed living, and respiring cells. To identify the surrounding community, Illumina 
sequencing of the V3 region of the 16S rRNA gene was performed on individually picked 
Thiomargarita cells from off the coast of Namibia. After amplicon analysis we found members 
of the Alpha, Beta and Delta-Proteobacteria, Bacteroidetes, Archaea and Eukaryota. In order to 
obtain full length 16S sequence for better community resolution and probe design, we generated 
a clone library. Future experiments include performing FISH and CARD-FISH to confirm our 
sequencing data and quantify dominant populations in the Thiomargarita microbiome. With this 
data, we hope to define the microbiome of Thiomargarita to begin understanding its impact on 
the metabolism of Thiomargarita and the global nutrient cycle. 
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Eustatic sea level fluctuations in the late Ordovician and early Silurian accompanied the 
waxing and waning of continental ice sheets over Earth’s south pole and the first mass extinction 
of the Phanerozoic Eon.  The Great Basin contains miogeoclinal carbonate rocks deposited on 
the western margin of Laurentia that record those fluctuations as a series of shallowing-upwards 
sequences of bioturbated, cross-bedded, and laminated dolostone facies.  Geochemistry, 
petrography, and paragenetic relations of dolostone textures at South Egan Range, Pancake 
Range, and Lone Mountain indicate that Great Basin carbonate successions underwent a 
complex history of diagenetic alteration that ranged from early shallow-subtidal diagenesis and 
dolomitization to late-stage deep burial diagenesis. 

 

Evidence for early meteoric-mixing zone diagenesis is retained as silica pseudomorphs of 
relict allochems, dissolution surfaces on chert nodules, and isolated dolomite rhombs within 
chert matrices.  Lack of isotopic covariation below subaerial exposure surfaces excludes 
significant geochemical influence of meteoric waters.  Uncompacted peloidal laminite textures 
constrain massive cementation to the shallow subtidal realm, and highly zoned 
cathodoluminescence patterns within void-filling spar cements, quantified with electron 
microprobe transects across spar occlusions, indicate variable pore-water conditions during 
cementation.  Dolomite growth twinning within sparry cements precludes neomorphism and 
confirms that micrite cementation and spar occlusion were synchronous.  

 

Massive dolomitization occurred in the shallow burial realm as a product of marine fluid 
convection, which depleted carbonates of Sr and 18O and enriched Fe concentrations but did not 
alter δ13C values.  Deep burial (>500 m) caused pressure-solution stylolites and saddle dolomite 
formation but did not significantly modify the carbonates’ geochemical signatures.   
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 Phosphoclasts of a variety of morphologies have been described from the rock record. 
Some phosphoclasts have been interpreted as microfossils and/or features directly attributed to 
microbial activity. In particular, well-preserved phosphatized microfossils, found under 
Lagerstatten conditions, appear to preserve morphological signatures with significant fidelity. 
However, establishing the bona fide biogenicity of a putative microfossil is often challenging. 
Various approaches are used – the first and most obvious being the comparison of the 
morphologies of candidate microfossils to those of known organisms. 
 
 Seeking insight into the nucleation and growth of calcium phosphate minerals in aqueous 
systems, we have performed experiments in a double diffusion gradient setup. In such setups, 
anion and cation solutions of a mineral of interest are separated by a gel that retards ion 
diffusion, slowing precipitation and preventing the ‘instantaneous’ micro-precipitation that 
would occur if the ion solutions were mixed directly. In this way, we can observe the 
precipitation process at the slower rate conducive to crystal enlargement that more closely 
resembles in situ conditions. 

Among our experimental results we have observed abiotic Ca-P precipitates, some of 
which resemble features that have been ascribed to the preservation of biological material or 
processes. Here we report the experimental synthesis of abiotic precipitates resembling some that 
have been interpreted as dividing cells characteristic of eukaryotic morula or blastula. These 
results illustrate the difficulty in assigning biogenicity and/or affinity to microfossils based on 
morphology alone – particularly among those preserved by phosphatization. Additionally, some 
of these morphologies may extend the range of what is known to be produced abiotically. 
 

  

Examples	  of	  abiotically	  produced	  Ca-‐P	  
precipitates	  that	  resemble	  dividing	  cells.	  



 

 38	  

Fossil Evidence of Possible Contributors to the Great Oxidation Event: 
Exceptionally Large Neoarchean Microfossils from South Africa 

ANDREW D. CZAJA1, JEFFREY T. OSTERHOUT2, NICOLAS J. BEUKES3 

1Department of Geology, University of Cincinnati, Cincinnati, OH, USA, andrew.czaja@uc.edu (*presenting 
author) 
2Department of Geology, University of Cincinnati, Cincinnati, OH, USA, osterhjt@mail.uc.edu 
3Paleoproterozoic Mineralization Research Group, Department of Geology, University of Johannesburg, Auckland 
Park, South Africa Department, University, City, USA, njbeukes@uj.ac.za 

 
 Fossil evidence of oxygenic photosynthesis is quite sparse and ambiguous in geologic 
units from the Archean, but this was the time when oxygen production by photoautotrophs must 
have begun leading ultimately to the Great Oxidation Event (GOE) of the Paleoproterozoic. This 
study presents evidence for large possibly planktonic spheroidal microorganisms preserved in a 
Neoarchean carbonate platform. Microfossils reported here were located in a black chert unit 
from the upper part of 2.52 Ga Gamohaan Formation of the Kaapvaal Craton, South Africa, near 
the town of Kuruman. The fossils studied range in size from ~60 to 300 µm in diameter (median: 
125 µm) and are preserved as solitary (non-colonial) kerogenous spheroids compressed 
perpendicularly to bedding within a finely laminated black chert unit. They display folding 
patterns typical of compressed flexible-walled spheroids, similar to many Proterozoic acritarchs 
and some spheroidal fossils from the Mesoarchean. This compression is likely the result of both 
loss of turgor pressure within the microorganism upon death and compaction of the sediments 
prior to lithification. The latter cause is evidenced by draping of laminations around the fossils. 
Specimens were imaged using confocal laser scanning microscopy to confirm their three-
dimensional morphology and their kerogenous nature was determined by use of Raman 
spectroscopy. This morphological, geochemical, and taphonomic cascade of evidence indicates 
that the structures preserved in this unit had a biogenic origin. The solitary nature and originally 
spherical morphology of the fossils suggests they were planktonic organisms that settled into the 
deep basin where the host sediments were deposited. Based on their size and likely solitary 
planktonic nature, it is possible that these fossils represent the remains of oxygen-producing 
cyanobacteria or other stem group oxygenic photoautotrophs, the organisms most likely 
responsible for the GOE that culminated in an orders-of-magnitude increase in free oxygen in the 
Earth’s atmosphere. This interpretation is consistent with a large number of geochemical and 
isotopic studies that provide evidence for at least localized ocean oxygenation during the 
Neoarchean. 

 
 
 

 
 



 

 39	  

Alkaline tolerant Microbes at the Calumet Wetlands 
 

KATHERINE DIDIER1, AMY DALY2, ERIC BECRAFT3, WESLEY SWINGLEY4 

 

1Biological Sciences, Northern Illinois University, Dekalb, IL, USA, z1736151@students.niu.edu 
2Biological Sciences, Northern Illinois University, Dekalb, IL, USA, z1736151@students.niu.edu 
3Bigelow National Laboratory for Ocean Sciences, East Boothbay, ME, USA, ebecraft@gmail.com 
4Biological Sciences, Northern Illinois University, Dekalb, IL, USA, wswingley@niu.edu 
 

The Calumet Wetlands located in south Chicago, Illinois, USA is a historical steel waste 
dumping site with very high alkalinity (pH>13.2) in a non-saline environment.  Anthropogenic 
alkaline sites are distinct from naturally occurring alkaline systems both in their extreme pH as 
well as their high heavy metal contaminant concentrations. On-site physicochemical analysis at 
Calumet was performed using field probes and elemental concentrations were quantified using 
ICP-MS and ion chromatography. More than 600,000 16S rRNA amplicons were sequenced 
using the Illumina platform in order to characterize the diversity of Calumet microbes. 
Cultivation of heterotrophic and lithotrophic microorganisms was informed by environmental 
conditions in order to isolate novel alkaliphilic taxa. Geochemical analysis revealed a highly 
alkaline, calcium hydroxide-buffered system with elevated levels of calcium, magnesium, zinc, 
iron, and lead. The harsh conditions at the most alkaline sites have led to low microbial diversity 
and divergent ribosomal sequences, possibly representing new phyla. While none of these 
divergent taxa were cultivated, members of the genera Exiguobacterium, Jeotgalibacillus, 
Xylanimonas, Bacillus, and Proteiniclasticum isolated from Calumet appear to compose novel 
alkaliphilic genus/species-level designations. The integration of geochemical, bioinformatic, and 
microbial analyses at Calumet provides a strong foundation for further study of this 
hyperalkaline, heavy metal-contaminated environment and other similar industrial waste sites 
around the world. 
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 Leaf waxes (i.e. n-alkanes, n-alkanoic acids) and their carbon isotopes (δ13C) are 
commonly used to track past changes in the carbon cycle or plant ecophysiology. Previous 
studies indicated that conifer n-alkane concentrations are lower than in angiosperms and that 13C 
fractionation during n-alkane synthesis (εlipid) is smaller than in angiosperms. These prior studies, 
however, sampled a limited phylogenetic and geographic subset of conifers, leaving out many 
important subtropical and Southern Hemisphere groups that were once widespread and common 
components of fossil assemblages. To expand on previous work, we collected 44 conifer species 
from the University of California Botanical Garden at Berkeley, capturing all extant conifer 
families and most extant genera. By collecting all specimens at a common site we attempted to 
minimize the confounding effects of climate, allowing phylogenetic patterns in the δ13C of leaf 
waxes to be expressed more strongly. We find that Pinaceae, including many North American 
species used in previous studies, have very low or no n-alkanes. However, other conifer groups 
have significant concentrations of n-alkanes, especially the Araucariaceae (Norfolk Island pines), 
Podocarpaceae (common in the Southern Hemisphere), and many species of Cupressaceae 
(junipers and relatives). Within the Cupressaceae, we find total n-alkane concentrations are high 
in subfamilies Cupressoideae and Callitroideae, but significantly lower in the early diverging 
taxodioid lineages (including bald cypress and redwood). Individual n-alkane chain lengths have 
a weak phylogenetic signal, except for n-C29 alkane, but when combined using average chain 
length (ACL), a strong phylogenetic signal emerges. The strong phylogenetic signal in ACL 
reinforces that it is strongly influenced by factors other than climate. An analysis of εlipid 
indicates a strong phylogenetic signal in which the smallest biosynthetic fractionation occurs in 
Pinaceae and the largest in Taxaceae (yews and relatives). We are currently exploring potential 
mechanisms to explain the εlipid patterns. These results have important implications for 
interpreting n-alkane δ13C values in sedimentary archives, especially outside of North America. 
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The	   oxygen	   isotopic	   compositions	   (δ18O)	   of	  marine	   oxygen-‐bearing	   phases	   are	   used	   as	   a	  
proxy	  for	  ocean	  temperature	  based	  on	  the	  fact	  that	  temperature	  and	  the	  δ18O	  of	  the	  ocean	  reservoir	  
(δ18Oseawater)	   control	   the	   isotopic	   composition	   of	   these	   minerals	   forming	   in	   equilibrium	   with	  
seawater.	   Phosphatic	   fossils	   such	   as	   conodont	   elements	   have	   been	   used	   as	   a	   temperature	   proxy	  
using	  δ18O	  because	  the	  P-‐O	  bonds	  are	  highly	  resistant	  to	   isotopic	  exchange	  during	  diagenesis	  and	  
that	  intracellular	  phosphate	  oxygen	  is	  thought	  to	  equilibrate	  with	  the	  external	  environment	  prior	  to	  
the	   synthesis	   of	   biogenic	   apatite.	   	   Traditional	  methods	   involve	   bulk	  measurements	   of	   δ18O	   from	  
tens	  of	  whole	  conodont	  elements	  digested	  in	  acid,	  converted	  to	  Ag3PO4,	  and	  combusted	  in	  a	  TC/EA	  
device.	  	  Typical	  δ18O	  values	  of	  conodont	  phosphate	  (δ18Ophos)	  range	  between	  15	  to	  20‰	  (V-‐SMOW),	  
which	   translates	   to	   equilibration	   temperatures	   from	   43ºC	   to	   21	   ºC,	   respectively,	   using	   the	  
empirically	  derived	  relationship	  where	  T(ºC)	  =	  113.3-‐	  4.38	  x	  (δ18Ophos	  –	  δ18Oseawater)	  (Kolodny	  et	  al.,	  
1983).	   	  Because	  this	  method	  requires	  bulk	  collections	  of	  conodont	  elements	  that	  could	  have	  been	  
derived	   from	  different	  environments,	   this	   could	  yield	  a	   cumulative	  δ18O	  value	   reflecting	  different	  
water	  masses	  or	  ecological	  niches.	  	  Another	  factor	  complicating	  temperature	  reconstructions	  using	  
bulk	   δ18O	   measurements	   is	   the	   possibility	   that	   conodont	   apatite	   contains	   compositional	  
heterogeneities	   that	   are	   more	   susceptible	   to	   alteration	   (e.g.,	   white	   matter	   or	   albid	   material).	  
Measuring	  in	  situ	  spot	  analyses	  of	  individual	  elements	  using	  high-‐resolution	  (10-‐µm-‐wide	  spot	  size)	  
ion	   microprobe	   techniques	   that	   are	   minimally	   destructive	   to	   the	   samples	   can	   minimize	   the	  
likelihood	  of	  analyzing	  potentially	  altered	  portions	  of	  a	  given	  element.	  	  	  

Here	   we	   present	   new	   δ18O	   data	   using	   secondary	   ion	   mass	   spectrometry	   (SIMS)	   from	  
conodont	   apatite	   collected	   from	   two	   Lower–Middle	   Ordovician	   stratigraphic	   successions	   and	  
compare	   them	   to	   a	   published	   Ordovician	   δ18O	   trend.	   	   Instrument	   (internal)	   precision	   on	   10-‐µm	  
wide	   spot	   analyses	   on	   an	   igneous	   blue	   apatite	   standard	   varies	   between	   0.09	   to	   0.26‰	   (avg.	   =	  
0.17‰,	  1σ)	  and	  is	  statistically	  identical	  to	  a	  gem-‐quality	  sample	  of	  Durango	  apatite	  that	  is	  used	  as	  a	  
phosphate	   δ18O	   standard	   by	   other	   workgroups.	   	   Replicate	   analyses	   (n>8)	   on	   the	   blue	   apatite	  
standard	  yield	  external	  precision	  between	  0.32	  to	  1.06‰	  (1σ)	  depending	  on	  the	  analytical	  session	  
(avg.	   =	   0.58‰	   (1σ),	   n	   =	   28).	   	   Conodont	   samples	  with	   at	   least	   eight	   spot	   analyses	   show	   sample	  
variability	   across	   a	   single	   conodont	   of	   0.34	   to	   1.41‰	   (avg.	   =	   0.77‰	   (1σ)	   from	   30	   individual	  
elements).	  	  The	  sample-‐to-‐sample	  variability	  between	  the	  average	  value	  for	  individual	  elements	  of	  
the	  same	  species	  from	  a	  single	  bed	  ranges	  from	  0.37	  to	  2.55‰	  (avg.	  =	  1.21‰,	  n	  =	  6).	  	  Conodonts	  
with	  minimal	  burial	  temperatures	  (<50	  ºC)	  have	  δ18O	  values	  similar	  to	  published	  values	  (between	  
~0	   to	  1.7‰)	   from	  a	   global	   compilation	  of	   conodonts	  measured	  using	   a	   SHRIMP	   ion	  microprobe	  
(Trotter	  et	  al.,	  2008).	   	  Minimally	  altered	  elements	  are	  generally	   less	  variable	  within	  each	  element	  
than	   more	   thermally	   altered	   conodonts.	   Because	   the	   range	   of	   δ18O	   measurements	   of	   a	   single	  
element	  is	  larger	  than	  the	  internal	  error,	  this	  indicates	  that	  sample	  heterogeneity	  exists	  and	  must	  
be	   considered	   when	   interpreting	   bulk	   conodont	   δ18O	   measurements	   to	   represent	   their	   primary	  
δ18O	  and	  thus	  the	  temperature	  where	  the	  conodont	  lived.	  	  High-‐resolution	  stratigraphic	  sampling	  of	  
conodont	  apatite	  using	  SIMS	  can	  be	  used	  to	  correlate	  compositional	  variability	  (e.g.,	  OH-‐	  and	  CO32-‐	  
normalized	   to	   phosphorus)	   to	   δ18O	   within	   single	   elements	   and	   between	   different	   species.	   	   This	  
approach	  may	  elucidate	  whether	  statistically	  significant	  variations	  in	  δ18O	  of	  single	  beds	  represent	  
differences	  between	  species	  (e.g.,	  vital	  effects	  or	  distinct	  ecological	  niches),	  environmental	  controls,	  
or	  diagenetic	  processes	  acting	  on	  compositional	  differences	  of	  an	  individual	  element.	  
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 Stable isotopic data (e.g., δ13C or δ34S) provide a framework for reconstructing both 
global redox budgets and microbial metabolic activity over Earth history. However, reports of 
coeval but divergent isotopic data are becoming increasingly common, which calls into question 
how these proxies are most commonly interpreted (i.e., as reflecting seawater chemistry).  Sulfur 
isotope records in particular are characterized not just by divergent δ34S values, but also by 
differences in the spatial signature and magnitude of isotopic variability. Such discordant data 
suggest that we do not fully understand how isotopic signatures are incorporated into and 
eventually preserved in the rock record. Here we examine the spatial signature and magnitude of 
isotopic variability in modern marine systems as a function of depositional environment and 
differential microbial metabolic activity. Varying depositional conditions, particularly 
sedimentary reworking, are seen to play a major role in generating and modifying the isotopic 
signatures of sulfur phases in modern environments.  These observations can be extrapolated to 
investigate records of sulfur cycling in ancient strata.  The results suggest that many apparent 
secular δ34S trends may be related to changing depositional environment rather than changes in 
the global sulfur cycle.  Further, this environmental dependence can also help explain coeval but 
discordant δ34S data from within and between sedimentary basins.  Together, these observations 
enable us to refine our interpretations of chemostratigraphic δ34S data that have the potential to 
constrain the behavior of the sulfur cycle over geological timescales. 
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 Ecotypes of the genus Thiomargarita include the world’s largest bacteria. But as 
uncultured organisms, their physiology, metabolism, and basis for their gigantism are not well 
understood.  Thus a metagenomics approach, applied to a single Thiomargarita cell and its 
attached bacteria, was employed to explore the genetic potential of this enigmatic bacterium.  
The cell, “Bud S10”, had detached from an elongated T. nelsonii cell, which was itself attached 
to a provannid gastropod shell obtained from the Hydrate Ridge methane seep offshore of 
Oregon, USA. A few epibionts could not be removed from Bud S10 despite extensive washing. 
Here we present a manually-curated genome of Bud S10 resulting from a hybrid assembly of 
long Pacific Biosciences and short Illumina sequencing reads. The T. nelsonii Hydrate Ridge 
Bud S10 genome was similar to a marine sister taxa Maribeggiatoa Guaymas Basin with respect 
to inorganic carbon fixation and sulfur oxidation pathways.  But the genome of Bud S10 revealed 
a complete denitrification pathway and a dissimilatory nitrate-reducing ammonifcation pathway.  
Both pathways have been anticipated but not previously fully elucidated in the genomes of other 
large, vacuolated, sulfur-oxidizing bacteria. The genome also indicates the genetic potential for 
growth on substrates other than sulfur species.  We detected the genetic potential for lithotrophic 
growth on both hydrogen and arsenite, as well as transporters for dicarboxylic acids, amino acids 
and peptides.   
 

Both Group I and Group II introns have been previously observed in the rRNA genes of 
giant vacuolated marine sulfur bacteria.  Here we observed a high number of Group II introns 
throughout genome.  Moreover, we detected a Group I intron in one of the most important genes 
in the sulfur oxidation pathway, dsrA. A blastn of the dsrA intron against the whole genome 
indicates that Group I introns and their remnants may be widespread across the genome, along 
with other repetitive and/palindromic elements such as transposons.  Indeed, the Genbank 
annotation pipeline found 1120/7125 genes to be disrupted. A significant portion of disrupted 
genes with known function were involved with transcription, cellular regulation/repair, and 
transporters of solutes/substrates.  Our initial assessment presented herein is that T. nelsonii 
possesses a highly plastic genome potentially made possible by high chromosome copy numbers.  
The presence of putative introns in key genes central to Thiomargarita’s core metabolism has not 
been previously seen in the prokaryotes and thus warrants further genomic and transcriptomic 
studies. 
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 Unraveling the complexity of subsurface microbial communities and their responses to 
dynamic environmental conditions is essential to improving our understanding of the 
biogeochemical cycling of major and minor elements, including contaminants. We characterized 
microbial communities from microcosms designed to test the effect of ethanol diffusion into UVI-
contaminated sediment from the Oak Ridge IFRC. Groundwater and sediment was amended with 
sulfate, then ethanol was allowed to diffuse into the underlying sediment. The spatial 
distribution, valence, and speciation of both U and Fe were monitored in situ by synchrotron x-
ray spectroscopy, in parallel with measurements of solution chemistry. As the ethanol was 
consumed concomitant with sulfate depletion, a ~1-cm layer of sediment near the sediment-
water interface became visibly dark. XANES spectra in this layer were consistent with the 
formation of FeS and the reduction of UVI to UIV. Sequence analysis of 16S rRNA gene 
amplicons showed that the microbial community had evolved from its originally homogeneous 
composition, becoming spatially heterogeneous. At the sediment-water interface of the ethanol-
amended (EtOH+) microcosms, sequences from the dissimilatory metal-reducing bacteria 
Geobacter and Anaeromyxobacter were by far the most abundant, accounting for 65-68% of the 
total community compared to 2-5% at the same location in no-ethanol controls (EtOH–). In the 
EtOH– samples, sulfate reducers composed 27-29% of the bacterial community, compared to 
only 4-7% in the EtOH+ samples. Statistical analyses showed that while ethanol was consumed 
within 7 days, its impact on the bacterial community was still evident after 4 years. These results 
indicate that even brief, one-time amendments can result in long-term perturbations of a 
microbial community and that these events continue to shape the community even after the 
resumption of static conditions. 

 
 In a separate experiment, we found that the microbial community in sediment from the 
Rifle IFRC was dominated by a previously-uncultivated epsilonproteobacterium, Candidatus 
Sulfuricurvum sp. RIFRC-1. Using whole-genome shotgun sequencing, we were able to 
reconstruct its complete 2.4-Mb-long genome de novo using a complexity reduction approach. 
Genome-based comparisons indicated that the organism is a novel species within the 
Sulfuricurvum genus. Genomic evidence suggests that RIFRC-1 is capable of growing by 
microaerobic or nitrate-/nitric oxide-dependent oxidation of S0, sulfide, sulfite, or H2. Consistent 
with these physiological attributes, the local aquifer was microoxic with small concentrations of 
available nitrate, small but elevated concentrations of reduced sulfur, and limited NH4

+/NH3. 
These results provide valuable insight into the complex role of microbially-mediated sulfur 
cycling in the subsurface. 
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 Geochemical proxies preserved in the sediment record contain critical information about 
how Earth’s climate system has behaved in the past. One prominent tool used to unlock 
information about past hydrologic change is the hydrogen isotopic composition (δD) of leaf 
waxes. Precipitation is the primary source of hydrogen for leaf wax synthesis by vascular plants. 
Therefore leaf wax δD preserved in lake sediments is sought as a quantitative tool for 
reconstructing δD of past precipitation, which reflects past hydrologic conditions including 
precipitation source and changes in aridity. The apparent isotopic fractionation between leaf wax 
and precipitation (εapp) is a measure of the isotopic offset between source water and leaf wax. 
The εapp is critical for paleohydrology applications because it relates leaf wax δD back to that of 
its source water (i.e., precipitation δD) for hydroclimate reconstructions.  

However, several secondary factors modify εapp, complicating the selection of appropriate 
fractionation values when interpreting leaf wax δD from sediments. These secondary factors 
include leaf transpiration, biosynthetic fractionation, and the seasonal timing of leaf wax 
synthesis. Here, we investigate the influence of these factors on n-alkane δD in five deciduous 
angiosperm tree species (Prunus serotina, Acer saccharinum, Quercus rubra, Quercus alba, and 
Ulmus americana) that dominate the catchment surrounding Brown’s Lake Bog, Ohio, USA. We 
report n-alkane concentrations and δD from replicate individuals of each species at weekly to 
monthly intervals from March to November 2014 to assess the timing and magnitude of inter- 
and intraspecific isotope shifts in waxes and their various source waters.  

In all species n-alkane δD fluctuates temporally, with a strong D-enrichment (~40‰) 
during bud break and initial leaf expansion. This shift corresponds with the period of greatest 
bud/leaf water D-enrichment (ranging from 24-62‰ among species) as well as a marked 
decrease in the magnitude of εapp by ~46‰. As the season progresses, n-alkane δD values of all 
species become increasingly negative, dropping by ~24-29‰ to an interspecies mean of -157 ± 
3‰ prior to senescence. Apparent fractionation values become more negative from leaf 
expansion to senescence while the range of values within and among species decreases. We find 
that εapp values calculated based on modeled mean annual precipitation and measured xylem 
water are in close agreement, and xylem water values vary minimally over the season. These 
results suggest that: 1) leaf wax δD is influenced by secondary factors (see above) throughout the 
growing season; 2) despite wide leaf wax δD variation throughout the spring, different deciduous 
angiosperm tree species growing at the same site trend toward similar δD values prior to 
senescence and the initial stages of sedimentary archival; and 3) apparent fractionation values in 
lipids ultimately sent to the sedimentary record reflect seasonally-integrated source water (mean 
annual precipitation or xylem water) rather than short-term changes in precipitation. These 
insights advance understanding of the magnitude and timing of key environmental and 
biosynthetic influences on the modern leaf wax δD signal, thereby improving interpretations of 
ancient leaf wax δD.  
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 Permanently stratified anoxic (meromictic) lakes are often used as modern analogues of 
chemical and biological processes thought representative of the Precambrian biosphere. Our 
initial genetic data (16sRNA) indicate phototrophic sulfur bacteria inhabit the chemoclines and 
anoxic bottom waters of all the study lakes. These photosynthetic organisms fix carbon dioxide 
in the presence of free dissolved sulfide and sunlight without producing oxygen. Purple sulfur 
bacteria (PSB) have higher light requirements than green sulfur bacteria (GSB), and thus 
canonical expectations maintain that PSB will be found in relatively shallower depths than GSB. 
Known as photic zone euxinia (PZE), this environmental niche has relevance to interpreting 
paleo-redox and paleo-depth of water columns in ancient aquatic environments. 

 
	   This	   study	   focuses	  on	   four	  euxinic	   lakes	   in	   the	  Pacific	  Northwest.	  Our	  goal	  was	   to	  
investigate	   sulfur	   isotope	   fractionation	   between	   sulfate	   and	   sulfide	   (Δ34SSO4-‐H2S),	   and	  
explore	   this	   isotopic	  variation	  within	   the	  context	  of	  environmental	  and	  ecological	  effects.	  
During	  the	  summers	  of	  2013	  and	  2014,	  water	  column	  profile	  analysis	  of	  three	  lakes	  located	  
in	   eastern	   Washington	   and	   British	   Columbia	   were	   conducted	   to	   assess	   environmental	  
parameters	   such	   as	   photosynthetically	   available	   radiation,	   salinity,	   pH,	   temperature,	   and	  
sulfate	  concentrations.	  The	  lakes	  have	  a	  large	  range	  of	  sulfate	  concentrations	  (0.15	  mM	  to	  
130	  mM),	  yet	  all	  have	  similar	  Δ34SSO4-‐H2S	   (~50‰).	  Microbial	   samples	  were	  also	  collected	  
for	   genetic	   sequencing	   in	   order	   to	  determine	   the	  microbial	   community	   structure	  of	   each	  
lake.	  	  Although	  two	  of	  these	  lakes	  had	  the	  same	  depth	  (15	  m),	  one	  lake	  was	  dominated	  by	  
PSB	   (Thiocapsa	   roseopersicina),	   and	   green	   (e.g.,	   Chlorobiaceae	   sp.)	   and	   purple	   (e.g.,	  
Lamprocystis	  spp.)	  bacteria	  coexisted	  within	  the	  other.	  These	  data	  provide	  insight	  into	  the	  
ways	   in	   which	  microbial	   sulfur	   cycling	   and	   environmental	   parameters	   influence	   the	   net	  
isotope	  factionation	  observed	  between	  sulfate	  and	  sulfide. 
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 Understanding the evolution of the Earth's surface chemistry is one of the most exciting 
challenges in modern geoscience. The Great Oxidation Event occurred ~2.5 Ga, when the 
concentration of oxygen in the atmosphere increased from <0.001% of the present atmospheric 
level (PAL) to within 1-10%. Following the initial rise, concentrations of O2 in the atmosphere 
and oceans remained well below present-day atmospheric levels through the Proterozoic until a 
second rise ~0.6 Ga to levels around those observed today. Thus, for much of Earth’s history, 
deep oceans probably remained oxygen-poor until the most recent increase in atmospheric O2. In 
addition to low levels of O2, at least portions of the oceans were euxinic (sulfide-rich) with H2S 
often reaching the photic zone. Oxygenic photosynthesis is the largest source of O2 in the 
atmosphere. Primary productivity and the remineralization of organic matter are intimately 
linked to planetary redox and thus to levels of O2. As a result, biologic carbon isotope 
fractionation and other biomarkers (i.e. hopanoids) facilitate our interpretation of biogeochemical 
cycling during the Proterozoic Eon.  
 
 Here, we describe the characterization of photoautotrophs—the dominant primary 
producers—from a Proterozoic Ocean analogs. We examined the 13C fractionation in the 
biomass and employed in situ microcosms to estimate primary productivity. Using these data, we 
examined primary production in pure cultures under conditions that mimic those observed in 
situ. We use this information to begin to build a model of oxygen production and organic carbon 
burial in a Proterozoic-like environment where Cyanobacteria can contribute to primary 
productivity in the absence of oxygen production. Furthermore, we examined the differences 
between 13C fractionation in cultures maintained under “ideal” conditions compared to those 
observed in situ. Collectively, the RNA sequencing data, the in situ primary productivity data 
and pure culture information were necessary to interpret the 13C signal from the mats.  
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 Nitrogen (N) is one of the key elements essential for life and its availability often limits 
the productivity of ecosystems.  The isotopic composition (δ15N) of biomass-nitrogen represents 
a useful tool in assessing the source of fixed nitrogen supporting an ecosystem.  Total dissolved 
inorganic nitrogen (TDIN) values in over 1000 hydrothermal water samples collected from 11 
hydrothermal areas across Yellowstone National Park (YNP) are elevated in acidic systems but 
decrease in springs with pH > 6.5.  The influence of TDIN on microbial N cycling in hot spring 
communities was investigated by examining the δ15N values of 123 bulk biomass samples from 
35 YNP hot springs ranging in pH from 2.2 to 9.0.  The δ15N values of biomass ranged from -
9.62 to +0.14‰ in springs with a pH < 6.5 where ammonia is the dominant dissolved inorganic 
nitrogen species. In contrast, in springs with pH > 7 nitrate was more abundant and δ15N of 
biomass ranged from -4.77 to +7.72‰.  A variety of geochemical, geophysical, and biological 
processes, including biological N2 fixation and allochthonous input are possible explanations for 
the more positive δ15N values of biomass observed in springs with pH > 6.5.  In support of the 
latter, the distribution of the nitrogenase iron protein encoding gene nifH (a proxy for biological 
nitrogen fixation) in biomass samples collected from 103 springs across YNP indicate a near 
universal occurrence in springs with pH > 6.5 (nifH present in 91.8% of sample sites) with 
template abundance ranging from 7.4 x 103 to 6.3 x 105 templates per gram dry mass (mean = 1.7 
x 105).  In contrast, the distribution of nifH is comparatively more limited in environments with 
pH < 6.5 (nifH present in 75.0% of sample sites) and template abundances exhibit a pronounced 
decrease in systems below pH 5, ranging from 1.8 x 103 to 5.0 x 105 (mean = 6.9 x 104). These 
data may reflect TDIN limitation and selection for organisms with the capacity to fix N2 in 
springs with pH > 6.5 while acidic hot springs tend to have higher TDIN which would select 
against inclusion of populations with N2 fixation capability.  It is proposed that phase separation 
in the subsurface differentially partitions ammonia to acidic systems relative to alkaline systems, 
resulting in selection for organisms capable of relieving N limitation through N2 fixation in 
alkaline systems, which in part, leads to more positive biomass δ15N values.    
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Nachusa Grasslands, located in Franklin Grove, IL, is a successful long-term effort 
restoring Midwest agricultural land to mosaic tall-grass prairies.  In order to further enhance 
natural conditions for prairie restoration, more than 30 bison (species Bison bison bison) were 
reintroduced into 500 acres of enclosed prairie in November 2014.  The goal of our work is to 
understand how nutrient influx and microbial communities in bison feces affect the microbial 
community of the prairie soil.  The bison enclosures include areas of restored prairie lands that 
were re-planted at nine different time-points over the last 16 years, including remnant lands that 
we never tilled fields.  Bulk soil, taken from both areas influenced by bison and those excluded 
from bison grazing, was sampled biweekly throughout the spring to fall seasons.  In addition, we 
sampled soil in and around undisturbed fecal patties during a three-week period to examine their 
direct impact on soil geochemistry and microbial diversity.  A preliminary set of samples, both 
soil and fecal, were analyzed for geochemistry and 16S rDNA amplicon sequencing.  Initial 
community analyses suggests a correlation of decreasing Proteobacteria in proximity to the feces 
with a coordinated increase in Verrucomicrobia and Acidobacteria clades typically associated 
with healthy prairies. Continuing studies at Nachusa Grasslands will establish whether these 
changes in ecological structure due to fecal deposits are temporary or have long term impacts on 
the microbial communities and, ultimately, the prairie ecosystem as a whole.   
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 Cyanophages, the viruses of cyanobacteria, are abundant in open-ocean, coastal, 
estuarine, and lacustrine environments. Viral lysis is vital in controlling cyanobacterial 
community and diversity, and therefore plays an important role in geochemical cycling. 
Cyanophages rapidly undergo genetic diversification during their antagonistic interaction with 
cyanobacteria. We analyzed cyanophage community changes over a period of approximately 
3000 years by sequencing partial Major Capsid Protein (MCP) gene (g23) fragments in the 
cyanophage genome using ancient DNA extracted from sediment cores from Kusai Lake in the 
northern Qinghai-Tibetan Plateau, where phytoplankton were dominated by cyanobacterial 
Synechococcus spp. and algal Isochrysis spp. The high diversity of cyanophage varied with 
response to climatic and environmental changes or events, e.g.,  the Little Ice Stage, Medieval 
Warm Periods, and lake salinity, showing the effects of geochemical and climatic controls on 
biological communities over geological periods. In addition, analyzing patterns of nucleotide 
sequence evolution can potentially guide the investigation of protein adaptation by identifying 
candidate codon sites on which diversifying selection has been operating. 
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	   Solid	  sulfur	  phases	  in	  marine	  sediments	  can	  record	  the	  isotopic	  signature	  of	  in	  situ	  
microbial	  processes	  involved	  in	  the	  sulfur	  cycle	  and	  are	  used	  to	  reconstruct	  past	  microbial	  
activity.	  This	  study	  investigates	  the	  fidelity	  of	  using	  the	  solid	  phase	  record	  in	  sediments	  as	  a	  
proxy	  for	  instantaneous	   in	  situ	  microbial	  sulfur	  cycling	  at	  a	  shallow	  marine	  hydrothermal	  
vent	   system	   off	   Milos	   island,	   Greece.	   Previous	   isotopic	   evidence	   in	   Milos	   pore	   waters	  
suggested	   the	   activity	   of	   sulfate	   reducing	   bacteria	   (SRB)	   in	   near-‐vent	   sediments	   was	  
masked	   by	   abiotic	   reactions	   (Gilhooly	   et	   al.,	   2014)	   despite	   previously	   reported	   sulfate	  
reduction	  rates	  (Bayraktarov	  et	  al.,	  2013)	  and	  microbial	  evidence	  for	  the	  presence	  of	  SRB	  
in	  these	  sediments	  (Sievert	  et	  al.,	  1999;	  Price	  et	  al.,	  2013).	  The	  vent	  system	  at	  Milos	  was	  re-‐
sampled	   in	   spring	   of	   2014	   along	   a	   transect	   from	   a	   vent	   region	   to	   background	   ambient	  
sediments	  using	  sediments	  cores	  and	  sulfide	  capture	  films,	  allowing	  a	  comparison	  of	  pore	  
water	  chemistry	  with	  the	  corresponding	  mineralogical	  record.	  

Pore	  water	  compositions	  indicate	  a	  gradient	  from	  sulfide	  oxidation	  near	  the	  vent	  to	  
microbial	   sulfate	   reduction	   with	   distance,	   similar	   to	   a	   previous	   study	   at	   this	   site	  
(Bayraktarov	  et	  al.,	  2013).	  In	  this	  environment,	  the	  seafloor	  near	  the	  vent	  is	  coated	  in	  white	  
precipitate,	   previously	   determined	   to	   be	   a	   mixture	   of	   amorphous	   silica	   and	   elemental	  
sulfur	  (Fitzsimons	  et	  al.,	  1997).	  Dissolved	  sulfide	  in	  the	  sediments	  near	  the	  vent	  retains	  the	  
isotopic	  composition	  of	  the	  H2S(g)	  captured	  at	  the	  vent	  source	  and	  the	  δ34SSO4	  is	  depleted	  
relative	   to	   background	   seawater	   values,	   consistent	  with	  microbial	   and/or	   abiotic	   sulfide	  
oxidation.	  Pore	  water	   in	  cores	  taken	  farther	  from	  the	  vent	  begins	  to	  preserve	  a	  signature	  
consistent	   with	   microbial	   sulfate	   reduction	   having	   an	   apparent	   fractionation	   between	  
dissolved	  H2S	  and	  sulfate	  of	  24-‐33‰.	  	  

The	  lack	  of	  isotopic	  evidence	  for	  SRB	  activity	  near	  the	  vent	  may	  be	  linked	  to	  small-‐
scale	  advective	  processes	  that	  interfere	  with	  or	  overprint	  microbial	  activity.	  For	  example,	  it	  
is	   a	   common	   phenomenon	   in	   gas-‐dominant	   shallow	  marine	   hydrothermal	   vent	   systems	  
characterized	   by	   visible	   bubbling	   from	   the	   sediment	   surface	   that	   O2	   from	   seawater	   is	  
entrained	   downward	   at	   the	   vent	   center,	   sometimes	   to	   3	   cm	   depth	   (Yucel	   et	   al.,	   2013;	  
Sansone	  et	  al.,	  2008;	  Pichler	  et	  al.,	  1999).	  Previous	  studies	  report	  the	  coexistence	  of	  O2	  with	  
H2S	  in	  the	  top	  few	  mm	  of	  sediments	  within	  1	  m	  of	  the	  vent	  but	  not	  further	  away,	  indicating	  
chemical	   disequilibrium	   (Yucel	   et	   al.,	   2013;	  Wenzhofer	   et	   al.,	   2000).	   In	   addition,	   shallow	  
marine	   hydrothermal	   environments	   above	   the	   wave	   base	   are	   advection-‐driven	   systems	  
characterized	   by	   frequent	   reworking	   events	   (Yucel	   et	   al.,	   2013).	   Such	   chemical	  
disequilibrium	  and	  non-‐steady	  state	  hydrodynamics	  make	  these	  vent	  systems	  energetically	  
favorable	   for	   sulfide	   oxidizers	   that	   can	   produce	   other	   sulfur	   mineral	   phases	   such	   as	  
elemental	  sulfur.	  The	  sulfur	   isotopic	  composition	  of	  extracted	  sulfur	  mineral	  phases	  (FeS,	  
FeS2,	   and	   S8)	   from	   these	   sediment	   cores	   will	   reflect	   the	   extent	   to	   which	   the	   transient	  
hydrodynamics	   affect	   the	  microbial	   signature	   recorded	   in	   the	   recent	   sedimentary	   record	  
and	  thus,	  ultimately,	  the	  rock	  record.	  
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The Duluth Complex in Northeastern Minnesota contains magmatic sulfide mineral 
deposits that are estimated to represent one of the largest undeveloped sources of copper, nickel, 
and platinum group elements on Earth. Long-term weathering experiments have shown that the 
oxidation of different Duluth Complex materials (including ore, waste rock, and tailings from 
proposed mine prospects) generates leachate that ranges from circumneutral to near pH 3. While 
microorganisms are important catalysts for metal sulfide oxidation, the microbial role in the 
weathering of Duluth Complex materials has not been previously explored. In this study, we 
used enrichment culturing to identify sulfur-oxidizing bacteria and other microorganisms from 
decade-long weathering experiments conducted by the Minnesota Department of Natural 
Resources. Following enrichment in liquid media and in gradient tubes, sulfur oxidizers were 
isolated on solid thiosulfate media. Sulfur oxidizing isolates were identified as close relatives of 
Sulfuriferula plumbophilus (formerly “Thiobacillus plumbophilus”), and environmental rRNA 
gene sequencing confirmed that these sulfur oxidizers were abundant in weathered Duluth 
Complex waste rock and tailings. Organisms enriched on organoheterotrophic media included 
Sphingomonas spp., Phenylobacterium spp., and Bacillus spp., which generally represented 
minor populations in the weathered samples. Identifying the microbes involved in sulfide 
mineral dissolution may help clarify leaching mechanisms, determine controls of leaching 
reactions, and assess possible strategies for remediation.	  
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 Antimony (Sb) is a metalloid that is used in a variety of industrial manufacturing 
applications. As the mining and use of Sb continues to increase, environmental concerns 
involving the element grow. Sb(V) and Sb(III) are the two most abundant oxidation states for the 
element. While antimony’s most common oxidation states are the same as arsenic and the two 
also share similar toxicities, their redox behaviors are not similar. Currrently antimony’s redox 
transformations in natural and engineered environments are poorly understood. In this study we 
examined the behavior of Sb(V) in microcosms under sulfidogenic conditions.  
 

The behavior of Sb(V) under sulfate-reducing conditions was examined in aqueous 
suspensions containing 2 mM KSb(OH)6, 50 mM Fe(III), 10 mM sulfate, and 20 mM lactate, 
that were inoculated with wetland sediment from the campus of Argonne National Laboratory. 
Specifically, we examined four different experimental systems designated as: (A) Fe+sulfate 
(uninoculated); (B) Fe+sulfate; (C) Sb+sulfate; and (D) Sb+Fe+sulfate. Samples were collected 
over time to track changes in the concentrations of Sb, Fe(II), sulfate, and lactate. Samples were 
also collected for microbial community analysis.  The interaction of Sb(V) with pure (synthetic) 
Fe(II) minerals was investigated  in aqueous suspensions containing 2 mM KSb(OH)6 and 50 
mM Fe(II) as  either magnetite, green rust, siderite, vivianite, or mackinawite. 

 
HPLC analysis showed lactate was fermented to propionate and acetate within 5 d, with 

the latter serving as electron donors for subsequent reduction of sulfate and Fe(III). Using x-ray 
absorption techniques, it was found that the reduction of Sb(V) was concurrent with production 
of sulfide by dissimilatory sulfate- and sulfur-reducing bacteria. The Sb(III) phase formed in 
system C (sulfate only, no ferrihydrite) was primarily Sb sulfide, while in system D (sulfate and 
ferrihydrite) Sb(III) was present as both adsorbed and sulfide phases. With the exception of 
mackinawite, Sb(V) was not reduced by siderite, vivianite, magnetite, or green rust, common 
secondary minerals resulting from dissimilatory Fe(III) and sulfate reduction. The similar extent 
of Sb(V) reduction observed in both system D and system B (pasteurized) suggests that Sb(V) 
reduction in the microcosms is due primarily to the presence of mackinawite. These results are 
consistent with abiotic reduction of Sb(V) by biogenic sulfide and highlight the tight coupling of 
Sb speciation with the biogeochemical cycling of S (and Fe). 
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 Understanding the inter-annual variation of rainfall and drought in areas like California is  
a crucial task for climatologists. Hydrologic variation on annual to decadal timescales has 
occurred for millennia, but its causes are not well understood. In order to track the history of 
climate and precipitation on Earth before the records of instrumental data, we must rely on 
natural proxies that record information from the surrounding environment in a temporal manner. 
By gaining insight into the past precipitation and climate record in California, we are better able 
to predict future hydrological changes on Earth and thus their effects on human populations. 

We are examining climate proxies from lake sediments in the Sierra Nevada Mountains, 
which offer an opportunity to gain insight into correlations between paleoclimatological 
variation, biogeochemical cycles, and climate change. The annual snowpack in the Sierras vary 
strongly with rainfall and correlate with ENSO (El Niño – Southern Oscillation) [1]. Climate 
proxies can offer insight into the relationship between ENSO cycles and hydrologic cycles. In 
October 2013, a 27-meter core was recovered from Pear Lake, in Sequoia National Park, 
representing a 13,500 year record (the Holocene Epoch) of lake sediment [2]. We have extracted 
organic material from ~1 cm intervals representing the top 24 cm of this core, and measured the 
deuterium/hydrogen (D/H) ratio of lipids derived from plant waxes. The D/H ratio of rainfall 
changes as a function of hydrological and climatic factors, such as in plant leaf wax alkanes, 
which can be used to track variation in paleoclimates in our obtained sediments. Through 
analysis of alkanes, we aim to construct a paleohydrological record related to Pacifica climate 
variability and snowpack variation.  Preliminary analyses of mid- and long-chain alkanes 
revealed an Average Chain Length (ACL) for n-alkanes of 25.9 and a Carbon Preference Index 
(CPI) of 6.7. δD variations of >50‰ were observed in the top 24 cm, which represents a 209.7 
(+/- 30.8) year record of the region (Figure 1). 
[1] Ropelewski, C. F., and M. S. Halpert, 1986: North American precipitation and temperature patterns associated with the El Niño/Southern 
Oscillation (ENSO). Mon. Wea. Rev., 114, 2352–2362. 
[2] Ashford et al. (2014) Do high-elevation lakes record variations in stnowfall and atmospheric rivers in the Sierra Nevada of California? 
Abstract PP31A-1113, 2014 Fall Meeting, AGU, San Francisco. 
 
 
       
 
 
 
 
 
 
 

Figure 1: δD vs. depth in the 
Pear Lake Core 
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Methylmercury is a bioaccumulative neurotoxin that is produced by certain groups of 

anaerobic microorganisms. Although it is generally associated with sulfate reducers, other 
anaerobes including specific iron reducers and methanogens can also methylate mercury. We are 
applying an integrative geochemical and molecular approach to characterize microbial 
communities associated with methylmercury production in the sediments and water columns of 
two sulfate-impacted lakes in Northern Minnesota. rRNA gene sequencing and fluorescence in 
situ hybridization (FISH) indicate that sediments and anoxic bottom waters from both lakes 
contain diverse communities that include multiple clades of sulfate reducing Deltaproteobacteria 
and Clostridia. HgcA genes show that while the potential methylating communities differ 
between the sites, more than 50% of the hgcA genes sequences at all sites are affiliated with the 
Geobacteraceae (Deltaproteobacteria), Methanomicrobia (Euryarchaeota), or unknown 
populations. hgcA transcripts affiliated with methanogenic Archaea, iron-reducing 
Deltaproteobacteria, and unknown populations indicate that these organisms rather than sulfate 
reducers may be important contributors to methylmercury production at one of the sites. 
Metagenomic analysis, in progress, will be used to determine the taxonomy and metabolic 
potential of the unknown hgcA–expressing populations in the lakes. 
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 Several plausible paleoclimate reconstructions have been produced from Lake Malawi 
sedimentary records utilizing the isoprenoid-GDGT-based TEX86 paleothermometer. Curiously, 
our analysis of GDGTs in the water column indicates that the TEX86-temperature relationship in 
Lake Malawi is more complicated than the sedimentary records suggest. Some lacustrine studies 
support a surface water origin of isoprenoid GDGTs but others suggest that the Thaumarchaeota 
producing the isoprenoid GDGTs actually inhabit the deeper water column. Moreover, a seasonal 
bias in the TEX86 temperature proxy has been suggested. To address the questions of depth and 
timing of isoprenoid GDGT formation, and the potential impact it may have on sedimentary 
paleotemperature records, we carried out a study in the water column of Lake Malawi. On a 
cruise in January 2010, we filtered water column samples from Lake Malawi’s North, Central, 
and South basins for particulate organic matter and analyzed both core and intact polar GDGTs. 
In addition, we extracted DNA for analysis of total archaeal and marine Crenarchaeota group 
1.1a genes by quantitative PCR for comparison with the GDGT data. Finally, in January 2012 a 
pair of sediment traps were deployed in both the North and South basins of Lake Malawi, from 
which we analyzed core GDGTs to identify seasonal bias. Our results suggest that distinct 
archaeal communities are thriving at two depths within the water column, though maximum 
GDGT production is most likely just below the thermocline at ~50 m water depth. 
Consequentially, we found that TEX86 does not track seasonal epilimnetic temperatures, but 
displays a minimal seasonal bias, potentially due to the impact of lake water circulation on the 
GDGT-producing archaeal community. 
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 Banded Iron formations (BIFs) reflect chemically precipitated sediments that typically 
consist of thin bedded or laminated layers consisting of 15 percent or more iron of sedimentary 
origin. Their formation has classically been explained by the oxidation of ferrous iron [Fe(II)] by 
molecular oxygen that was photosynthetically produced by cyanobacteria during the 
Precambrian. Current studies claim that anoxygenic photoautotrophic Fe(II)-oxidizing bacteria 
could also have played a significant role in deposition of BIFs. The precipitation of Fe-rich 
sediments as a precursor for the formation of BIFs is hypothesised to be most distinct in a 
chemically-stratified ancient ocean, especially in Fe(II)-rich upwelling systems. 
 
 In order to simulate a Precambrian Fe(II)-rich upwelling system and investigate microbial 
processes therein, we designed a 50 cm long vertical flow-through column. Representative of 
upwelling to Archean BIF basins, anoxic, Fe(II)-rich medium of seawater salinity is pumped into 
the bottom of the column and discharged at the top. A distinct light gradient is established by a 
light source from the top. Glass beads (~ 0.5 mm diameter) stabilize the geochemical gradient 
within the column, as well as focus the "photic zone" to the 10 cm of the column top. Aqueous 
samples can be withdrawn at different depths in order to quantify Fe concentration and determine 
Fe speciations. The oxygen concentration is monitored non-invasively throughout the column 
using optodes. Liquid samples can also be used to either determine the concentration of 
microorganisms or to investigate their physiological response to Fe(II)-fluxes and changes in 
light availability. Recent experiments simulated a sustained upwelling system and documented 
the influence on the cyanobacterium Synechococcus PCC 7002, as well as the dynamic changes 
in the geochemical patterns. Insights into mineral formation and cell-mineral interaction were 
provided by scanning electron microscopy (SEM) and characterization of the mineral fraction. 
 
 We hypothesise that this laboratory-scale column serves as a proof-of-concept method to 
investigate microbial processes and geochemical patterns in an simulated upwelling system. 
Anticipated investigations will involve more diverse and complex communities (i.e. 
cyanobacteria, photoferrotrophs and/or microaerophilic Fe(II)-oxidizers) and incorporate other 
geochemical parameters, such as the mobilisation and sorption of trace elements or the 
fractionation of Fe isotopes in the stratified system. 



 

 59	  

 
Genome sequence of a sulfate-reducing bacterium associated with 

cyanobacterial mats reveals metabolic versatility in a redox-stratified sulfidic 
environment 

MATTHEW J. MEDINA1*, LAUREN KINSMAN-COSTELLO2 ALEXANDER A. VOORHIES3 AND 
GREGORY J. DICK1 

*presenting author; mjmedina@umich.edu 
1Earth and Environmental Science, University of Michigan, Ann Arbor, USA  
2Department of Biological Sciences, Kent State University, Kent, USA 
3J. Craig Venter Institute, Rockville, USA 

 
 The Middle Island Sinkhole (MIS) of Lake Huron hosts cyanobacterial mats that thrive 
under low-oxygen, sulfidic conditions and thus represent a modern analogue of Precambrian 
microbial mats. However, these mats do not exhibit features commonly used to identify mats in 
the rock record, raising questions about how such ecosystems can be traced through geologic 
time. Sulfate-reducing bacteria (SRB) play a key role in the biogeochemistry of this and other 
microbial mat ecosystems. As producers of sulfide, they influence the balance of oxygenic 
versus anoxygenic photosynthesis, both of which can be conducted by cyanobacteria at MIS. 
SRB are also likely largely responsible for sulfur isotope fractionation, which may provide 
unique signatures of ancient cyanobacterial mats.  

16S sequencing on MIS microbial mats and sediments revealed the presence of a number 
of putative SRB that are commonly associated with cyanobacterial mats. These SRB have 
differential relative abundance within the microbial mats and with increasing depth in sediments. 
We find that operational taxonomic units (OTUs) identified as members of the 
Desulfobacteraceae family and Desulfatirhabdium genus are more abundant with respect to 
increasing depth within the sediment, whereas OTUs identified as members of the Desulfocapsa 
and Desulfonema genera are less abundant with respect to increasing depth. Although these 
results provide valuable information on the distribution of SRB through the mat, the ecology and 
physiology of these SRB remain poorly understood.  

Metagenomic and metatranscriptomic methods can reveal the functional components of 
genomes recovered directly from natural microbial communities. Through genomic binning of 
metagenomic data, we identified a nearly complete genome of a member of the order 
Desulfobacterales. Annotation of this genomic bin revealed genes indicative of cell motility and 
signaling (chemotaxis and phytochromes), consistent with environmentally-directed migration.  
Additionally, genes for use of diverse electron donors (various organic compounds) and 
acceptors (oxygen, nitrate, sulfate and polysulfide) suggest a versatile energy metabolism that 
involves cycling of sulfur intermediates.  

The genomic content of the Desulfobacterales bin we characterized here suggests that 
cell migration and metabolic versatility are adaptions to a redox-stratified environment where the 
redox front moves on a diurnal cycle. This research promises to enhance our understanding of 
microbial ecology in anoxic environments. Future work will be aimed at coupling such omics 
analysis with geochemical and isotopic approaches in order to identify and understand potential 
sulfur isotopic signatures of anoxygenic cyanobacterial mats on the early Earth.   
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Microbially mediated sulfur cycling is widespread in natural environments and plays a 
significant role in mediating carbon remineralization, impacting both local and global redox 
budgets. More detailed knowledge about the spatial distribution of these organisms and spatial 
heterogeneities in their metabolic activity is critical to improving our understanding of the 
microbial sulfur cycle and the environmental conditions that regulate it. Microbial sulfur cycling 
is dominated by metabolic activity that either produces (e.g., sulfate reducers, disproportionators) 
or consumes (sulfide oxidizers) hydrogen sulfide (H2S). Each of these distinct processes is 
associated with a particular range of d34S fractionation. Here we investigate the utility of using 
photographic film for sulfide capture as a way to document the spatial distribution of sulfide in 
complex natural environments as well as for in situ capture of the sulfide for high-resolution 
isotopic analyses. Photo paper imbedded with silver halides is light weight, can be easily cut, and 
is much more cost effective than traditional silver metal disks. Sulfide has a higher affinity for 
silver than halides, leaving a Ag2S deposit on the film and halide ions in solution. While there 
are clear benefits to adopting this method, the efficacy and reliability of sulfide capture using 
photographic film has yet to be demonstrated. 

 We investigate the rate of sulfide capture onto photo film with time series experiments 
using identical replicates sacrificed at each time step. For the experiments, balch tubes are filled 
with reduced DI water leaving no headspace and contain glass beads for mixing, a strip of film, 
and a gastight stopper with a seal. These are kept in the dark at constant temperature and 
wrapped in foil for the course of the experiments. Sulfide is added to each tube (final pH ~11). 
The Cline method (Cline, 1969) is used to measure the sulfide concentration remaining in 
solution. The solution is then fixed with zinc acetate forming zinc sulfide. Silver sulfide is 
extracted off the film using the acid volatile sulfide (AVS) extraction method. The extraction 
yield fixed with zinc acetate is measured using the Cline method, as before. Samples are then 
ready to be analyzed for d34S. We have been able to achieve mass balance greater than 94% 
between the aqueous phase and the film. There are few known interferences with the method, 
including high phosphate that reacts with zinc and the reducing agent, ascorbate. Ascorbate has 
to be used at the lowest effective concentration because it reacts with the film just as the sulfide 
does. Other outstanding issues include low yields of ZnS solid after centrifugation compared to 
the measured concentration by Cline, and possible isotopic fractionation during film exposure.  

Sulfide capture with photo film allows for isotopic analysis on scales between ~5 mm 
(using secondary ion mass spectrometry) and 1 cm (using traditional gas source mass 
spectrometry following sulfide extraction from the film), allowing a synthesis of data from the 
micron-scale (most relevant to the microbes that mediate sulfur cycling) with the meso-scale 
(cm) observations that generally accompany most geochemical profiles in natural environments. 
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 Microorganisms play important roles in the biogeochemical cycling of aqueous Au: 
including epithermal deposition, extraction from leaching solutions during Au ore processing and 
Au(0) nanoparticle formation. Prior studies show that bacteria have a high affinity for 
bioaccumulation of both Au(I) and Au(III), but that adsorption decreases with increasing pH 
likely due to electrostatic repulsion. Au(III) is present in solution as anionic species, and the 
bacterial cell envelope is highly negatively charged. Therefore, although it is clear that 
electrostatic forces can prevent Au adsorption at high pH, the mechanism responsible for the Au 
binding are not well understood. EXAFS spectroscopy studies have suggested that cell envelope 
sulfhydryl sites (R-SH) may be important in the binding of Au from solution. Therefore, in this 
study, we isolate the role played by sulfhydryl sites in the binding and ultimate reduction of 
Au(III) by bacteria.  
 
 In order to evaluate the influence of R-SH sites on bacterial cell envelopes in bacteria-Au 
processes, we use a sulfhydryl site blocking approach. Specifically, we use an R-SH-sensitive 
water-soluble fluorophore molecule (e.g. qBBr) that binds strongly and irreversibly to R-SH sites 
on the cell envelope. qBBr fluoresces when bound to R-SH sites, and the charge on the molecule 
prevents it crossing the cell membrane easily. Hence, qBBr can be used for as a blocking agent 
in order to isolate proton- and metal-binding reactions with cell envelope R-SH sites.  
 
 In this study, we performed: 1) batch Au removal experiments using non-metabolizing 
cells of the common gram positive soil bacterium Bacillus subtilis and 2) Au removal kinetics 
experiments. Each type of experiment was conducted with and without qBBr treatment of the 
bacteria in order to determine the effect of R-SH sites on bacterial Au removal from solution. For 
all experiments, ionic strength was held constant using 0.1 M NaClO4 without the addition of an 
electron donor; the initial Au concentration was 5 ppm; and the bacterial concentration was 7 g/L 
(wet mass). In the batch removal experiments, pH was varied from 4 to 8. The kinetics 
experiments were conducted at approximately pH 5.6, and samples were taken over the course of 
two hours. Non-adsorbed Au concentrations, after solution separation from the biomass, were 
analyzed using ICP-OES.  
 
 We observed only a slight decrease in Au removal in the presence of qBBr treated 
bacteria with respect to untreated bacteria. This strongly suggests that sulfhydryl sites are not the 
only binding sites responsible for Au removal from solution, and that when sulfhydryl sites are 
blocked, other sites such as amine or carboxyl sites can bind the available Au. These results will 
be the basis for further experiments studying the role of sulfhydryl sites in the reduction of 
Au(III) from solution and the formation of Au(0) nanoparticles. 
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 Inorganic polysulfides are important reactive intermediates in the sulfur cycle, resulting 
from various processes including the oxidation of hydrogen sulfide, the reaction of hydrogen 
sulfide and sulfur, and the disproportionation of thiosulfate. Despite their low concentrations in 
most natural environments, polysulfides may play a significant role in environmentally relevant 
processes (e.g. sulfurization of organic matter, metal precipitation, and formation of volatile 
sulfur compounds) due to their redox reactivity and nucleophilic tendencies. These same 
attributes have also made determining polysulfide speciation in the natural environment 
challenging, and as such published measurements of polysulfide species derived from natural 
samples are limited. 

 Here we present a refinement of earlier methods used to determine polysulfide 
distribution in artificial and natural samples using gas chromatography (GC) techniques which 
not only allows for the complete separation of each species (S2

2- to S8
2-), but also the 

concentrations of each at low levels present in environmental samples. Our approach is based on 
the derivatization method of Kamyshny et al. (2006) using methyl trifluoromethanesulfonate 
(methyl triflate) for rapid methylation of polysulfides and the subsequent determination of 
dimethylpolysulfides using optimized gas chromatography techniques originally considered by 
Heitz et al. (2000).  Our future plans involve utilizing the refined method in order to directly 
measure the isotopic composition of individual polysulfide species at concentrations present in 
natural samples using a GC coupled to a multicollector-inductively coupled plasma mass 
spectrometer (MC-ICP-MS). These compound specific isotope measurements will ultimately 
provide context for determining the role polysulfides play in the natural environment. 

 

Heitz, A., Kagi, R.I., and Alexander, R. (2000) Polysulfide sulfur in pipewall biofilms: its role in the formation of 
swampy odour in distribution systems. Water Science and Technology, 41(4), 271 - 278 

Kamyshny, A., Jr., Ekeltchik, I., Gun, J., and Lev, O. (2006) Method for the Determination of Inorganic Polysulfide 
Distribution in Aquatic Systems. Analytical Chemistry, 78(8), 2631 - 2639 

 
 
 
 



 

 63	  

Hydrogenophaga: a common denominator of natural and anthropogenic 
hyperalkaline systems 

J. I. OHLSSON1*, E. D. BECRAFT2, W. D. SWINGLEY1 

1Department of Biological Sciences, Northern Illinois University, DeKalb, Illinois, USA, johlsson@niu.edu 
(*presenting author) 
2 Bigelow Laboratories of Ocean Sciences, East Boothbay, Maine, USA 
 
 Life has been found in nearly all extremes of the terrestrial and aquatic environment. 
Extremophilic microbes have been characterized from sites of extreme heat, cold, pressure and 
acidity, and their adaptations for their particular conditions are the subject of much study. In 
contrast, the survival mechanisms of extreme alkaliphiles, living in environments with extremely 
high pH, remain relatively unexplored. 
  
 Metagenomic sequencing of transects from a steel waste dump site in near Lake Calumet 
south of Chicago, IL, USA revealed the presence of taxonomic groups related to the 
Betaproteobacterial genus Hydrogenophaga representing up to 80% of the prokaryotic 
abundance. This site maintains a groundwater pH of 13 or higher year-round, has high levels of 
some heavy metals, and the waterways are filled with a loose calcium carbonate flockulent due 
to the hyperalkaline conditions. Through this work we hope to develop a better understanding of 
the metabolic and stress-response adaptations that allow this strain of Hydrogenophaga to 
dominate this extreme environment, which may be the most alkaline microbial habitat. 
  
 Through de novo assembly of metagenomic sequence data from Calumet we have 
generated a Hydrogenophaga draft genome containing 255 contigs totaling ca. 2.5 Mb. The draft 
genome is estimated to be near-complete as it contains 100% of a set of 139 conserved 
housekeeping genes. The predicted proteins do not include any known to be involved in alkaline 
tolerance, such as Na+/H+ antiporters [Horikoshii 1999], nor any genes indicating hydrogen 
utilization, the metabolic trait that gave this genus its name.  
 
 Serpentinizing springs occur naturally all over the Earth, and many of them sustain a pH 
of 10 or above in the seep water. Reactions similar to the inorganic serpentinization reactions 
that drive these springs, increasing pH and producing gaseous hydrogen, can also take place in 
some sites of anthropogenic pollution, including the slag dumps around Calumet when 
weathered by rainfall. Both types of sites support thriving bacterial communities, and in many 
cases the genus Hydrogenophaga is dominant [Suzuki 2014, Roadcap 2006]. In this study we 
aim to find out what makes this genus a near-ubiquitous feature of non-saline hyperalkaline 
systems. 
 
Horikoshii, K. (1999) Alkaliphiles: Some Applications of Their Products for Biotechnology; Microbiology and Molecular Biology  Review, 

Vol. 63, No. 4, pp. 735-750 

Roadcap, G. S., Sanford, R. A., Qusheng, J., Pardinas, J. R., Bethke, C. M. (2006) Extremely Alkaline (pH > 12) Ground Water Hosts  Diverse 

Microbial Community; Ground Water, Vol. 44, No. 4, pp. 511-517 

Suzuki, S., Nealson, K. H., et. al. (2014) Physiological and Genomic Features of Highly Akaliphilic Hydrogen-Utilizing  Betaproteobacteria 

from a Continental Serpentinizing Site; Nature Communications, 5:3900 
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 The biogeochemistry of Fe in most aquatic and terrestrial environments is driven largely 

by microbial activity, particularly in Fe-rich soils and sediments where Fe redox cycling by 
microorganisms is a significant component of C cycling and energy flux. Indeed, the presence of 
FeII in suboxic and anoxic environments is commonly attributed to the action of dissimilatory 
iron-reducing (DIR) bacteria and archaea, phylogenetically diverse microorganisms that can 
obtain energy by coupling the oxidation of organic compounds or molecular H2 to the reduction 
of Fe(III) to Fe(II). As a group, dissimilatory iron-reducing bacteria (DIRB) can use a wide range 
of Fe(III) forms as terminal electron acceptors for anaerobic respiration, including soluble Fe(III) 
complexes, Fe(III) oxides, and clay minerals containing varying amounts of structural Fe(III). 
Because of the relative insolubility of most Fe-bearing minerals, their use by DIRB as terminal 
electron acceptors for respiration requires different mechanisms for electron transfer relative to 
soluble terminal electron acceptors that are easily transported into the cell [e.g. O2, NOx

-, and 
sulfate]. One approach involves the transfer of electrons from the cell to external electron 
acceptors by soluble electron shuttles that can be reversibly oxidized and reduced. A wide 
variety of endogenous and exogenous organic and inorganic compounds that can function as 
electron shuttles in the bioreduction of Fe(III) oxides including quinones, flavins, phenazines, 
and reduced sulfur species. 

 
 Many studies have investigated the effect of the presence of electron shuttles on 

microbial Fe(III) reduction, however these studies have typically been conducted under axenic 
conditions. To better understand how the presence of electron shuttles influences microbial 
Fe(III) reduction in the presence of a diverse microbial community, we examined the effects of 
three different electron shuttles (9,10-anthraquinone-2,6-disulfonate acid (AQDS), 9,10-
anthraquinone-2-carboxylic acid (AQC), and 5-hydroxy-1,4-naphthoquinone (lawsone, NQL)) 
on the bioreduction of the iron oxide goethite (α-FeOOH) and methanogenesis in microcosms 
inoculated with sediment from a wetland on the campus of Argonne National Laboratory in 
Argonne, IL. Our results showed no significant enhancement of Fe(III) reduction in the presence 
of NQL or AQC relative to the no shuttle (NS) control; however both the rate and extent of 
Fe(II) production was enhanced in the presence of AQDS. The onset of methanogenesis was 
earlier in the presence of AQDS compared to NQL and the no shuttle control, but in each case 
methane production was not evident until Fe(II) production plateaued. Methanogenesis was 
completely inhibited in the presence of AQC. Previous studies have indicated a relationship 
between an electron shuttle’s reduction potential and the rate of Fe(III) reduction in pure culture 
studies, such that AQC>AQDS>NQL>NS. However, in our study AQDS>NS≈NQL>AQC, 
suggesting that the reduction potential is not an effective predictor for the effectiveness of a 
putative electron shuttle in mixed microbial systems. Moreover, the complete inhibition of 
methanogenesis by AQC highlights the possibility for electron shuttles to influence microbial 
processes beyond microbial respiration using insoluble terminal electron acceptors.   
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	   Coalbed methane is a result of thermogenic and biogenic processes. Complex coal 
organic matter is degraded in situ by microbial populations, producing small substrates, e.g., 
hydrogen or acetate, which can then be converted in an anaerobic environment by methanogenic 
archaea into methane. In recent years, many studies have examined some of the parameters that 
affect methane production in coals and coal beds. However, coal is a complex substrate, and 
there are many factors, e.g., maceral composition, coal maturity, the presence of microbial 
nutrients, and the existing microbial communities, to be considered. Here, we used bioreactors 
containing crushed coal and/or extracted coal-organic matter, and an inoculum derived from 
water co-extracted from a coalbed methane production well, to investigate the effects of vitrinite 
content on the extent of methane production.  Confirming results previously obtained with coal 
extracts, we demonstrated that coals high in vitrinite produced more methane.  This was 
observed using two coals of similar maturity from the same basin but varying in vitrinite content: 
LB-A coal, 80.6% vitrinite content versus 47.4% vitrinite in LB-C coal.  In bioreactors 
containing granular coal but lacking organic extracts, 16.6±3.5 µmol/bottle methane was 
produced in bottles containing LB-A versus 6.2±1.3 µmol/bottle in bottles containing LB-C.  In 
addition, the presence of ground coal in the bioreactors resulted in greater methane production 
when compared to that produced by coal-organic-matter extracts alone, suggesting either a 
benefit of microbial association with the solid surfaces or the presence of toxic compounds in the 
coal extracts. Ongoing studies are utilizing metagenomics to examine the changes in microbial 
communities that occur in batch bioreactors under different terminal-electron-acceptor 
conditions, and the effects of partial microbial oxidation of coal organic matter on the rate and 
extent of subsequent methanogenesis. 
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	   In order to understand the biogeochemical cycles that have been operating and interacting 
with one another since the Early Earth, geochemists turn to computational modelling as a means 
to constrain the number of possible hypotheses for the observable data. The Earth is, however, a 
dynamic planet with both chemical and physical cycles operating synchronously. This 
connection between geodynamic and environmental Earth processes is typically overlooked in 
biogeochemical modelling, an issue that this research seeks to address.  

  
 Presented herein is a global sulfur cycle model with a focus on the controls of weathering 
of sedimentary sulfide and sulfate, and igneous sulfide under three distinct paleogeographic 
arrangements.  The model seeks to provide a greater resolution, or distinction, between sulfur 
isotope variability in sedimentary pyrite, evaporite or carbonate-associated sulfate, (δ34Spyr, 
δ34Sevaporite and δ34SCAS, respectively) relating to either an environmental or a tectonic change. 
Isotopic patterns produced by the model under changing paleogeographic and/or weathering 
conditions can act as an initial platfrom for first-order observations that can be compared to the 
long-term sulfur isotope trends of pyrite and sulfate. The model can also be applied to short-term 
changes in isotopic patterns of sulfur species under constant paleogeographic conditions but 
variable weathering parameters, such as sea level, that will in turn alter the sedimentary facies of 
deposition. 
 
 To investigate short-term changes under relatively steady-state tectonic regimes but 
variable weathering and environmental controls, high-resolution yet limited in stratigraphic 
extent, sedimentary and isotope records should be analysed. Sulfur isotope and sedimentary 
stratigraphy from Anticosti Island, Canada (Hirnantian) and Gotland, Sweden (middle Silurian) 
are well resolved and display unique but contrasting patterns in the carbonate-associate sulfate 
δ34S. Along with in depth petrographic, SIMS and mineral phase mapping analysis, the model 
should provide confidence to the interpretation of the variable isotope patterns at each location 
and help distinguish between an environmental and/or tectonic control(s). 
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The Middle Island Sinkhole (MIS), which sits below 23 m of water in Lake Huron, 
presents a rare ecosystem that provides a glimpse into Earth’s past as an analog for lower 
atmospheric oxygen levels >2 billion years ago, and as a model ecosystem for the role of oxygen 
and metal speciation in the Great Lakes. The water flowing out of MIS is compositionally 
distinct from Lake Huron, and more similar to the regional groundwater: low in oxygen and high 
in sulfur, giving rise to a unique eukaryote-free ecosystem dominated by cyanobacterial mats. 
These microbial mat communities are capable of both oxygenic and anoxygenic photosynthesis, 
as well as a variety of heterotrophic metabolisms, and reside in  conditions  similar to those in 
Earth’s history after the Great Oxidation Event of 2.4 billion (Ga) years ago and before the 
emergence of animals (0.54 Ga). Due to the low oxygen and high sulfur conditions, there is 
extremely high potential for the burial of potentially toxic metals such as arsenic and chromium. 
 

While the biology of the mats has been studied to some degree, there is little known 
about the underlying sediment and about how much carbon is preserved within the low-oxygen 
zones. Sediment cores throughout the sinkhole were analyzed for organic C and N content, and 
organic and inorganic carbon isotopes. The low-oxygen groundwater allows for enhanced 
accumulation of organic matter in MIS, distinguishing these sediments from other Great Lakes 
sites. MIS sediments have organic carbon contents greater than that of other Great Lake 
sediments, and C:N ratios more similar to the Redfield ratio of marine plankton and oceanic 
deepwater, than to C:N ratios of other Great Lake sediments or of the microbial mats themselves, 
suggesting enhanced preservation of pelagic carbon at MIS. High organic matter burial within 
MIS can potentially result in increased trace metal burial in the sediments, which can be 
examined using Fe speciation to look at whether conditions are primarily anoxic or euxinic. Fe 
speciation has been developed and calibrated primarily in modern sulfur-rich marine ecosystems, 
and is rarely applied to freshwater ecosystems. Measuring Fe speciation on the MIS sinkhole 
system sediments, in combination with other trace metal analyses (e.g., Mo), can be used to 
determine the degree of anoxia or euxinia at MIS— both at the water-sediment interface and in 
the sediment column—to provide a novel test of the applicability of Fe speciation to freshwater 
systems, and to propose specific pathways for the preservation of redox-sensitive metals in 
relation to organic C burial. Investigating the metal content, and C and N signatures signatures of 
MIS mats and sediments can have implications for understanding the potential for high C burial 
and metal accumulation in the Proterozoic. 
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	   The carbon isotope composition (δ13C) of leaf waxes, such as n-alkanes, has been used 
extensively in paleoenvironmental studies for reconstruction of past vegetation, climate and 
carbon cycling. However there is little information available on when the δ13C signal is set and 
how leaf wax concentration and δ13C in modern plants change seasonally. This lack of 
information confounds interpretations of leaf wax ẟ13C in sedimentary archives. To address this 
gap, this study investigates temporal changes in n-alkane δ13C values in several species (Acer 
rubrum, Acer saccharum, Ulmus americana, Sassafras albidum, and Juniperus virginiana) 
within a single temperate deciduous forest stand in southern Ohio. The n-alkane δ 13C values was 
the lowest in buds and highest in early leaves. However, after the leaves were fully grown, the 
carbon isotope fractionation during photosynthesis (Δleaf) and lipid biosynthesis (δlipid) remained 
relatively consistent. To further investigate how these n-alkane δ13C values are reflected in 
surface sediments, we sampled leaf litter and surface soil from several forest floor sites. The 
measured leaf litter and soil leaf wax δ13C values were compared to the expected sedimentary 
leaf wax δ13C values that are calculated by taking into account the species composition, leaf wax 
concentration, and δ13C values of the plants. The results of this work reduce the uncertainties in 
leaf wax δ13C-based reconstructions of the past environment, and will provide insights on leaf 
wax integration from the living plants to the sediment archives. 
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  Lake sediments can incorporate material from both autochthonous (e.g. aquatic 
organisms) and allochthonous (e.g. terrestrial plants) sources, thereby creating high resolution 
records of environmental change. The hydrogen isotopic composition (D/H) of aquatic and 
terrestrial lipid biomarkers are highly correlated with their source water, although the specific 
fractionation can differ [1]. Analysis of biomarker D/H from such records can inform our 
understanding the local hydrological cycle through time. This technique has been widely applied 
to understand the relative humidity/aridity in the Quaternary [2]; however, few studies have 
focused on the effects of anthropogenic activities. Humans alter the local and global 
environment, increasingly so since the industrialization and the start of the so-called 
Anthropocene. This study seeks to study the potential of using lipid D/H ratios to assess human 
environmental impact in two glacial kettle lakes in southeast Wisconsin. Long Lake is currently 
14 meters deep with a northerly inflow and southerly outflow and Auburn Lake is 8.8 meters 
deep with an easterly inflow and westerly outflow. A dam was built at the Long Lake outlet in 
about 1860, dramatically changing its depth and hydrology whereas Auburn Lake remains dam 
free. Sediment cores were taken from both lakes and subsampled at 5 cm resolution for fatty acid 
extraction, quantification (GC-MS), and compound-specific D/H analysis (GC-IRMS). Straight 
chain saturated fatty acids dominated extracts with chain lengths from 14 to 30 carbon atoms and 
an even-over-odd predominance. Other structures include iso- and anteiso-branched acids as well 
as mono- and di-unsaturated acids. Preliminary data from Long Lake show an abrupt shift in 
mid-chain fatty acid (C19 - C23) δD from -292‰ below to -202‰ above the 35 cm level in the 
most extreme case of C21. The shift to more positive δD coincides with a drop in relative, 
although not absolute,  abundance of these compounds. In contrast, long-chain fatty acids (C24 - 
C30) increase in relative abundance at this horizon. The δD of long-chain fatty acids decrease 
slightly through time but show no significant shifts. Given that the probable sources of mid-chain 
and long chain fatty differ (autochthonous and allochtonous respectively [3]), we hypothesize 
that such a contrast in δD profiles results from the dramatic hydrological changes associated with 
dam construction. Measurements of the biogenic silica abundance (BSi) show a rapid increase 
around the 35 cm level, suggesting relatively higher amount of primary productivity in the lake, 
consistent with this hypothesis. Ongoing analysis of δD records from Auburn Lake will provide 
a key point of comparison to this hypothesis.  
 
[1] Huang, YS. et al. (2004) J. PALEOLIMNOL., 31, 363-375. [2] Sachse, D. et al. (2012) Ann. 
Rev. Earth Planet. Sci., 40, 221-249. [3] Hou, JZ. et al. (2007) Org. Geochem., 38, 977-984. 
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     Sulfide-oxidizing bacteria have been observed to colonize and form mats on carbonate 
surfaces at deep marine methane seeps. The carbonates are the result of geochemical processes 
(biological and non-biological) at the oceanic floor where seeps are venting fluids rich in 
methane and H2S. A correlation between the bacterial mats and presence of pitting features may 
suggest active dissolution from these microbial communities (Figure 1). Previous studies have 
shown pitting features approximately the same size and shape as microbes present on rock 
surfaces. However, cells are rarely found in these pits during investigation. This may, in part, be 
an effect of sample preparation, or rapid cell degradation following death. Detecting 
biosignatures could be attained by finding a statistically significant number of cells associated 
(directly or indirectly) with pitting features with particular morphologies that differ from those 
produced under sterile conditions. 

    My project is an adjacent exploration to a NASA-funded project in the Bailey lab. I will 
investigate Pleistocene-Holocene and Paleocene carbonate breccias using petrographic 
microscopy, scanning probe microscopy, scanning electron microscopy, and x-ray computed 
tomography. The modern samples were collected during an Alvin expedition while the ancient 
samples were collected from continental ophiolite outcrops located in the Panoche Hills of 
California. During our analyses, we hope to address questions, such as “What is the source of the 
pitting observed in modern carbonates?” “Do modern dissolution features have analogs in 
ancient carbonates?” “Do the dissolved features contribute to carbon cycling that may influence 
global climate change?”  

     To date, modern and ancient samples have been collected and processed into thin sections. 
Here we will present, initial field and petrographic observations.  
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Concretions are isolated, often ellipsoidal mineral masses precipitated during the early 
lithification of some sediments. These structures might have the potential to preferentially 
entomb organic molecules that might otherwise be degraded. Previous studies on thermally 
immature concretions from the Birchi Bed (UK)1 and the Moeraki Siltstone (NZ)2 found strong 
even over odd fatty acid distributions – however, little work has been done on more thermally 
mature formations. If carbonate concretions preferentially preserve biomarkers, an exploration of 
their hydrocarbon composition relative to that of their host rock could reveal information about 
the paleo-environment and the processes of concretion formation.  To investigate this hypothesis, 
samples from carbonate concretions and their surrounding bedrock were taken from the Holz 
Shale, a late Cretaceous shale succession in Southern California. Organic matter was extracted 
via a Microwave Accelerated Reaction System (MARS), separated via silica gel columns, and 
analyzed via gas chromatography/mass spectrometry (GC-MS). 

 
 Despite high total organic carbon (TOC) content, extractable organic matter yields were 

particularly low; only 10 of 29 samples produced usable qualitative data. The richest concretion 
interior preserved a prominently bimodal alkane distribution with no even/odd preference, 
indicating high thermally maturity and the incorporation of organic residue from both planktonic 
sources and vascular plants. The presence of 7-methyl pentadecane in 3 of 4 concretion samples 
supports the existence of sulfate-reducing bacteria in the concretions. In addition, low 
concentrations of n-fatty acids (C-9 to C-18) with a marked even over odd distribution were 
observed both within concretions and the host rock, suggesting that immature organic matter was 
present on or within the samples. A pristane/n-17 alkane ratio of 65.6% in concretion samples 
and 57.5% in host rock samples suggests the deposited organic matter had terrestrial origins3. 
Phthalate and amide contamination, presumably a consequence of prior processing or collection, 
was prevalent in all samples. An unexpected observation is the preservation of intact porphyrin 
ring structures in both the concretions and host rock. Porphyrins found within the concretion 
have undergone limited aromatization; by contrast, those outside of the concretion are heavily 
aromatized. These findings illustrate that carbonate concretions may, under certain depositional 
circumstances, preferentially preserve organic compounds relative to the host rock. 
 
1Kiriakoulakis et. al. (2000), J. Geological Society, 157, 207-220; 2Pearson and Nelson (2005), 
New Zealand J. Geol. and Geophy., 48, 395-414; 3Peters et. al., The Biomarker Guide, Volume 2 
(2007) 
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Many bacteria produce natural antibiotics, in addition, antibiotics are the most widely 
used pharmaceuticals in the U.S. How much antibiotic resistance developing in the environment 
can be linked to anthropogenic sources and are those sources changing the shape of the microbial 
community in fresh water aquatic systems by altering genes which encode for resistance? Can 
antibiotic resistance genes (ARG) that derive from anthropogenic sources, like those found in 
wastewater (WW), persist in the environment? My goal was to understand how to collect 
environmental samples and test for the presence of specific genes in microbes. Samples of WW 
sludge collected from various sites inside two wastewater treatment plants (WWTPs) and 
sediment samples from Lake Michigan were collected at various sites within one mile of effluent 
outfalls from two WWTPs in Manitowoc and Sheboygan, WI. Samples were frozen in liquid 
nitrogen; isolated, extracted, and specific genes encoding resistance were amplified with PCR. I 
aimed to study a commonly used antibiotic class, sulfonamides; tested for the presence of known 
sulfonamide, sul1, in the sample collection to determine if ARG persists in the environment. Sul1 
was detected in all samples. The data shows that ARG are present in the environment.   
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The details of the formation of marine phosphorites (phosphate-rich rocks) are only 

partially understood. Modern marine phosphorites are often found forming in the presence of 
giant sulfur-oxidizing bacteria such as Thiomargarita and Thioploca. While the metabolism of 
polyphosphate by these bacteria has been linked to phosphorite formation in modern 
environments, their role in the formation of certain ancient phosphorites is uncertain (Schulz & 
Schulz, 2005). To explore the relationship between these organisms and ancient phosphorites, we 
are examining the impact of the metabolisms of five sulfur bacteria on the isotopic fractionation 
of sulfur and oxygen as they metabolize thiosulfate. 

 
To do this, we plan to look at the fractionations of sulfur (δ34S) and oxygen (δ18O) in 

sulfate produced by five sulfur-oxidizing microorganisms, including Thiomicrospira crunogena., 
Halomonas sp., Roseobacter sp., Sedimenticola thiotaurini, and Pseudomonas stutzeri.   Several 
of these organisms use oxidative pathways similar to those found in the giant sulfur -oxidizing 
bacteria and here are serving as proxies for these organisms (Scott et al 2006). With these 
isotopic measurements in hand, we will measure the sulfur and oxygen isotope composition of 
sulfate substituted into apatite from several modern and ancient phosphorites with the goal of 
determining whether the apatite in these rocks precipitated in a biogeochemical regime similar to 
those that are associated with modern sulfur-oxidizing bacteria. Ultimately, we hope to establish 
an isotopic signature for polyphosphate-metabolizing sulfur bacteria that can be used to help us 
better understand the genesis of ancient phosphorites. 
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