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“How	  does	  thawing	  of	  permafrost—and	  the	  associated	  changes	  in	  landscape	  evolu8on,	  
hydrology,	  soil	  biogeochemical	  processes,	  and	  plant	  community	  succession—affect	  
feedbacks	  to	  the	  climate	  system?”	  	  



Outline	  and	  significance	  of	  main	  topics	  

•  Ac4ve	  layer	  geochemistry	  
•  Nitrogen	  cycling	  
•  CH4	  and	  CO2:	  mechanisms	  
and	  pathways	  

Barrow	  
Peninsula	  



Different	  aged	  DTLBs	  and	  
inter-‐lake	  regions	  Polygonal	  terrain	  Slumping,	  thermokarst	  

Lakes	  and	  ponds	  

Flat	  (oUen	  marshy)	  terrain	  
Hummocky	  

Barrow	  landscape	  features:	  meter	  to	  kilometers	  scale	  
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Ø  First	  comprehensive	  
examina4on	  of	  biogeochemical	  
variability	  in	  polygonal	  ground	  
ac4ve	  layer	  waters	  (54	  analytes)	  

Ø  Polygon	  types	  maTer.	  Low	  
center	  areas	  are	  dis4nct	  from	  
high	  centers	  

Ø  	  Polygon	  features	  (troughs	  vs.	  
centers)	  also	  maTer-‐but	  for	  
different	  biogeochemical	  
cons4tuents	  than	  polygon	  types	  

Ø  Can	  use	  types	  &	  features	  to	  
represent	  varia4ons	  in	  polygon	  
chemistries	  over	  large	  scales	  

Ø  Nutrient	  availability	  will	  likely	  
change	  with	  increased	  
permafrost	  degrada4on	  
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Intensive	  Geochemistry	  Survey	  

Newman	  et	  al.	  (2015).	  Microtopographic	  and	  depth	  
controls	  on	  ac8ve	  layer	  chemistry	  in	  Arc8c	  polygonal	  
ground.	  Geophysical	  Research	  Le[ers.	  	  



Ø  Different	  sources	  of	  
nitrate	  have	  dis4nct	  
isotopic	  composi4ons	  

Ø Nitrate	  in	  the	  
unsaturated	  zone	  of	  
high-‐centered	  
polygons	  was	  from	  
microbial	  nitrifica4on	  

	  
Ø  Permafrost	  nitrate	  

contained	  a	  mix	  of	  
atmospheric	  N	  and	  
microbial	  N.	  Poten4al	  
tracer	  for	  permafrost	  
degrada4on?	  

	  

Nitrogen	  sources	  and	  cycling	  

Heikoop	  et	  al.	  (2015).	  Isotopic	  iden8fica8on	  of	  soil	  and	  
permafrost	  nitrate	  sources	  in	  an	  Arc8c	  tundra	  
ecosystem.	  JGR	  Biogeosciences.	  	  
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Landscape	  Scale	  

Landscape	  Scale	  Oxygen-‐18	  in	  Water	  

Over	  7‰	  varia4on	  in	  δ18O	  	  
-‐	  Indicates	  important	  differences	  in	  water	  
sources	  &	  evapora4on	  losses	  across	  the	  
landscape	  

Landscape	  scale	  variability	  in	  
chemistry	  is	  even	  larger	  than	  at	  
the	  polygon	  scale	  	  

Landscape	  Scale	  Geochemistry	  



What	  are	  the	  rela4ve	  contribu4ons	  of	  CH4	  and	  CO2	  produc4on	  and	  transport	  pathways?	  
§  	   CH4	  and	  CO2	  produc4on	  mechanisms	  
§  	   Ver4cal	  transport	  pathways	  
§  	   Methane	  oxida4on	   9	  

CH4	  and	  CO2:	  Novel	  isotope	  mass	  balance	  model	  



Our	  es4mates	  suggest	  direct	  upward	  transport	  is	  dominant,	  
and	  CH4	  oxida4on	  not	  as	  substan4al	  as	  expected	  

10	  Throckmorton	  et	  al.,	  Pathways	  and	  transforma8ons	  of	  dissolved	  methane	  and	  dissolved	  inorganic	  
carbon	  in	  Arc8c	  tundra	  soils.	  Global	  Biogeochemical	  Cycles.	  (In	  Press)	  	  
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Thank	  you!	  

ngee-‐arc4c.ornl.gov	  
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