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  Abstract	
  

This	
  study	
  employs	
  a	
  variety	
  of	
  geophysical,	
  biological,	
  hydrological,	
  and	
  
pedological	
  methods	
  to	
  expand	
  on	
  the	
  understanding	
  of	
  how	
  contrasTng	
  
aspects,	
  lithologies,	
  and	
  vegetaTon	
  influence	
  criTcal	
  zone	
  structure	
  and	
  
evoluTon.	
  We	
  performed	
  shallow	
  seismic	
  refracTon	
  (SSR)	
  and	
  Tme-­‐lapse	
  
electrical	
  resisTvity	
  tomography	
  (ERT)	
  surveys	
  across	
  two	
  geologically	
  disTnct	
  
valleys	
  within	
  the	
  Reynolds	
  Creek	
  CriTcal	
  Zone	
  Observatory	
  in	
  southwestern	
  
Idaho.	
  We	
  also	
  quanTfied	
  vegetaTon	
  density,	
  soil	
  pH,	
  and	
  subsurface	
  
straTgraphy	
  (by	
  manual	
  sampling)	
  across	
  opposing	
  north-­‐facing	
  (forested)	
  and	
  
south-­‐facing	
  (unforested)	
  aspects	
  to	
  be=er	
  understand	
  the	
  relaTonship	
  between	
  
lithology,	
  vegetaTon,	
  seasonal	
  moisture	
  dynamics,	
  and	
  saprolite	
  genesis	
  within	
  
the	
  criTcal	
  zone.	
  The	
  first	
  study	
  sub-­‐site,	
  Upper	
  Johnston	
  Draw,	
  resides	
  on	
  late	
  
Cretaceous	
  graniTc	
  bedrock	
  associated	
  with	
  the	
  Idaho	
  Batholith.	
  The	
  second	
  
study	
  sub-­‐site,	
  Upper	
  Sheep	
  Creek,	
  resides	
  on	
  Miocene	
  basalTc	
  bedrock.	
  In	
  the	
  
graniTc	
  Upper	
  Johnston	
  Draw	
  there	
  is	
  a	
  sharp	
  contrast	
  in	
  depth	
  to	
  unweathered	
  
bedrock	
  (regolith	
  thickness)	
  between	
  the	
  north-­‐facing	
  aspect	
  (average	
  depth	
  of	
  
18.6	
  m)	
  and	
  the	
  south-­‐facing	
  aspect	
  (average	
  depth	
  of	
  8.2	
  m).	
  In	
  the	
  basalTc	
  
Upper	
  Sheep	
  Creek	
  there	
  is	
  only	
  a	
  marginal	
  contrast	
  in	
  depth	
  to	
  unweathered	
  
bedrock	
  between	
  the	
  north-­‐facing	
  aspect	
  (average	
  depth	
  of	
  14.4	
  m)	
  and	
  the	
  
south-­‐facing	
  aspect	
  (average	
  depth	
  of	
  12.0	
  m).	
  These	
  observed	
  relaTonships	
  
between	
  the	
  contrasTng	
  lithologies	
  of	
  Upper	
  Johnston	
  Draw	
  and	
  Upper	
  Sheep	
  
Creek,	
  coupled	
  with	
  our	
  Tme-­‐lapse	
  ERT	
  surveys,	
  vegetaTon	
  density	
  tests,	
  soil	
  pH	
  
tests,	
  and	
  subsurface	
  augering	
  data,	
  provide	
  new	
  understanding	
  about	
  the	
  
causes	
  of	
  symmetry	
  or	
  asymmetry	
  in	
  saprolite	
  development	
  on	
  north-­‐facing	
  and	
  
south-­‐facing	
  slopes.	
  Specifically,	
  these	
  findings	
  suggest	
  that	
  abioTc	
  chemical	
  
weathering	
  via	
  hydrolysis	
  may	
  be	
  the	
  dominant	
  control	
  creaTng	
  the	
  symmetrical	
  
pa=ern	
  of	
  saprolite	
  genesis	
  (north	
  vs.	
  south	
  aspects)	
  observed	
  within	
  the	
  basalt-­‐
parented	
  site.	
  While	
  conversely,	
  within	
  the	
  criTcal	
  zone	
  of	
  the	
  paired	
  graniTc	
  
site,	
  ecohydrologically-­‐influenced	
  chemical	
  weathering	
  via	
  oxidaTon	
  and	
  organic	
  
acidificaTon	
  may	
  instead	
  be	
  the	
  dominant	
  control	
  creaTng	
  the	
  disTnct	
  
asymmetrical	
  pa=ern	
  of	
  saprolite	
  genesis	
  observed	
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This	
  study	
  invesTgates	
  the	
  extent	
  of	
  the	
  rain-­‐snow	
  transiTon	
  zone	
  across	
  the	
  
complex	
  terrain	
  of	
  the	
  western	
  United	
  States	
  for	
  both	
  late	
  20th	
  century	
  climate	
  and	
  
projected	
  changes	
  in	
  climate	
  by	
  the	
  mid-­‐21st	
  century.	
  Observed	
  and	
  projected	
  
temperature	
  and	
  precipitaTon	
  data	
  at	
  4	
  km	
  resoluTon	
  were	
  used	
  with	
  an	
  empirical	
  
probabilisTc	
  precipitaTon	
  phase	
  model	
  to	
  esTmate	
  and	
  map	
  the	
  likelihood	
  of	
  snow	
  
versus	
  rain	
  occurrence.	
  This	
  approach	
  idenTfies	
  areas	
  most	
  likely	
  to	
  undergo	
  
precipitaTon	
  phase	
  change	
  over	
  the	
  next	
  half	
  century.	
  At	
  broad	
  scales,	
  these	
  
projecTons	
  indicate	
  an	
  average	
  30%	
  decrease	
  in	
  areal	
  extent	
  of	
  winter	
  wet-­‐day	
  
temperatures	
  conducive	
  to	
  snowfall	
  over	
  the	
  western	
  United	
  States.	
  At	
  higher	
  
resoluTon	
  scales,	
  this	
  approach	
  idenTfies	
  exisTng	
  and	
  potenTal	
  experimental	
  sites	
  
best	
  suited	
  for	
  research	
  invesTgaTng	
  the	
  mechanisms	
  linking	
  precipitaTon	
  phase	
  
change	
  to	
  a	
  broad	
  array	
  of	
  processes,	
  such	
  as	
  shias	
  in	
  rain-­‐on-­‐snow	
  flood	
  risk,	
  
Tming	
  of	
  water	
  resource	
  availability,	
  and	
  ecosystem	
  dynamics. 
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• saprolite	
  thickness	
  is	
  
deeper	
  on	
  N-­‐facing	
  
slopes	
  than	
  S-­‐facing	
  
• biologically-­‐influenced	
  
chemical	
  weathering	
  
via	
  oxidaTon	
  and	
  
organic	
  acids	
  is	
  
dominant	
  control	
  (over	
  
hydrolysis)	
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• saprolite	
  thickness	
  is	
  
homogenous	
  by	
  aspect	
  
• abioTc	
  chemical	
  weathering	
  via	
  
hydrolysis	
  is	
  dominant	
  control	
  	
  

• background	
  hydrolysis	
  is	
  
faster	
  in	
  basalt	
  than	
  
granite	
  >>	
  dominant	
  over	
  
biologically-­‐influenced	
  
chemical	
  weathering	
  
(oxidaTon,	
  organic	
  acids)	
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