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Background 

•  Two	  studies	  done	  
• Galen	  J.	  Kenoyer,	  Carl	  J.	  Bowser	  
•  Thomas	  Bullen	  et	  al	  

• How	  chemistry	  of	  water	  changes	  as	  it	  flows	  to	  an	  aquifer	  
• Kenoyer/Bowser	  one	  flow	  path	  
• Bullen	  et	  al	  two	  separate	  paths	  	  



Trout Lake Watershed 
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Geology of Aquifer 

• Aquifer-‐	  50	  m	  sandy	  glacial	  outwash	  
•  Copper	  Falls	  FormaTon	  

• Overlies	  Precambrian	  Rocks	  
•  Gneiss,	  amphibolite,	  schist,	  granite,	  monzonites,	  quartzose,	  and	  feldspathic	  
sandstones.	  

• Groundwater	  is	  recharged	  by	  seepage	  from	  lakes,	  and	  by	  precipitaTon	  
that	  infiltrates	  through	  highlands	  	  



Analysis of Isthmus  

• Dominated	  by	  sand-‐sized	  
materials	  

•  Two	  extensive	  silt	  layers	  
• Minerals	  in	  sand	  fracTon	  

•  50-‐75%	  quartz	  
•  9-‐15%	  calcic	  plagioclase	  
•  9-‐15%	  sodic	  plagioclase	  
•  2-‐10%	  feldspar	  
•  1-‐2%	  bioTte	  



• Clay	  minerals	  
• 30-‐40%	  smecTte	  
• 30-‐40%	  illite	  
• 15-‐30%	  chlorite/kaolinite	  

• Isthmus	  lies	  inside	  of	  state	  park	  
• CompacTon	  
• InfiltraTon	  	  



Kenoyer-Bowser 

•  Flow	  from	  Crystal	  Lake	  to	  aquifer	  
• PCO2	  	  values	  range	  from	  10-‐2	  –	  10-‐2.5	  	  
• Age	  impacts	  saturaTon	  of	  minerals	  

•  Ion	  exchange	  is	  assumed	  to	  be	  
constant	  	  	  

	   	   	   	  (Kenoryer,	  Bowser,	  1992)	  



Kenoyer-Bowser 

• Phreeqe	  
• Major	  increase	  in	  calcium,	  sodium,	  magnesium,	  silicon,	  and	  alkalinity	  

•  Explained	  by	  dissoluTon	  of	  plagioclase,	  bioTte,	  and	  diopside	  
• Major	  chemical	  trends	  are	  explained	  by	  a	  model	  with	  those	  
dissoluTons	  and	  precipitaTon	  of	  kaolinite.	  	  

• Acidity	  of	  iniTal	  soluTon	  play	  a	  major	  role	  



Bullen’s study 

•  Expanded	  on	  same	  idea	  
• Used	  StronTum	  isotopes	  to	  idenTfy	  solute	  sources	  

•  Isotopes	  stable	  in	  soluTon	  and	  are	  persistent	  through	  chemical	  processes	  
•  Different	  minerals	  and	  age	  of	  sources	  vary	  isotope	  raTo	  

•  Saturated	  lake	  pathway	  has	  high	  Sr	  concentraTon,	  compared	  to	  
surface	  water	  on	  isthmus	  	  



(Bullen	  et	  al,	  1996)	  



(Bullen	  et	  al,	  1996)	  



Source of Sr 

• Decrease	  in	  radiogenic	  Sr	  
•  Suggests	  Crystal	  lake	  path	  obtains	  Sr	  from	  Plagioclase	  and	  hornblende	  

• Upland	  pathways	  	  
•  Sr	  composiTon	  controlled	  by	  K-‐feldspar	  and	  bioTte	  
•  Contain	  much	  more	  radiogenic	  Sr	  

• Different	  materials	  impact	  Sr	  differently,	  this	  allows	  for	  idenTficaTon	  
water	  source	  



(Bullen	  et	  al,	  1996)	  



Bullen’s conclusions 

• Mineral	  dissoluTon	  reacTons	  may	  change	  along	  flow	  paths,	  and	  differ	  
along	  contrasTng	  flow	  paths	  

• A	  broad	  range	  of	  radiogenic	  Sr	  was	  produced	  by	  weathering	  
• ComposiTons	  of	  Sr	  rely	  heavily	  on	  iniTal	  environmental	  condiTons	  
• ContribuTons	  from	  different	  minerals	  change	  along	  a	  pathway,	  nature	  
isn’t	  a	  simple	  system	  



MFCRWSD 

hgp://websoilsurvey.sc.egov.usda.gov/App/WebSoilSurvey.aspx	  



•  Majority	  of	  area	  of	  interest	  is	  Korinis-‐
Sunburg	  complex	  
•  Korinis	  soil	  accounts	  for	  60%	  
•  Mollic	  Hapludalf	  
•  Glacial	  Tll	  

hgp://websoilsurvey.sc.egov.usda.gov/App/WebSoilSurvey.aspx	  



Assumptions 

• Majority	  of	  infiltraTng	  water	  is	  going	  to	  flow	  through	  Suburg-‐Koronis	  
Complex	  

•  Sundburg	  and	  Koronis	  soil	  units	  are	  similar	  in	  composiTon	  (Mollic	  
Hapludalfs)	  

• Only	  taking	  into	  account	  infiltraTon	  of	  water	  from	  surface	  of	  isthmus	  
• New	  housing	  development	  doesn’t	  impact	  infiltraTon	  or	  soil	  
chemistry	  





Shallow	  sample	   Deep	  Sample	  



Calculations 

• Mollisols	  are	  high	  in	  organic	  material	  
•  C,	  P,	  N,K	  

•  Same	  parent	  material	  
•  Same	  physical	  properTes	  

•  Majority	  sand	  sized	  parTcles	  
•  Some	  silt/clay	  

•  Sr	  containing	  compound,	  less	  saturated	  in	  deeper	  sample	  



Conclusion 

•  Even	  though	  local	  soil	  is	  much	  higher	  in	  organic	  mager,	  some	  of	  the	  
same	  concepts	  hold	  true.	  

•  Sr	  is	  less	  saturated	  as	  you	  go	  down	  in	  depth	  
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