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Phytogeochemistry 
• Water / Rock interaction 
• Ion migration 

– Organo-Metallic species 
– Structure pathways 

• Evapotranspiration 
• Passive metal uptake 

– Active nutrient uptake 
• Dynamic metal flushing 
• Accumulation in tissue 
• Soil / Plant metal cycling 

ET = 1/2 g/d/m*m

Pediment Gravel
     75-200 m

Water Table

Bedrock

Evaporation 

Gas Flux 
Microbiome 

Electrochemical 

Evapotranspiration 

Water Table 

Bedrock 



Metal Uptake 
• Mycorrhizal fungi 
• Bacteria  
• Amino Acids & Sugars 
• Organic acids 
• Organic Salts 

 Near-Source Soil 

Deep-Source 
Vadose Water 



TRACE METAL DISTRIBUTION IN SAGEBRUSH
PINSON MINE

Au As Sb Hg Br Mo W Sr Co Zn
ppb ppm ppm ppm ppm ppm ppm ppm ppm ppm

FLOWERS 9 0.6 0.0 -0.05 1.2 0.3 0.1 38 -0.1 17
LEAVES 21 1.1 0.1 -0.05 1.5 0.5 0.2 40 0.2 16
TWIGS 35 3.7 0.2 0.07 1.0 0.5 0.5 45 0.3 10

BRANCHES 13 2.4 0.2 0.07 0.7 0.4 0.4 23 0.3 7
U.TRUNK 6 1.4 0.1 -0.05 0.6 0.3 0.3 21 0.2 8
L.TRUNK 3 0.7 0.0 -0.05 0.6 0.3 0.1 27 -0.1 7

Ba Fe Ca Na K Cr Rb Sc Se Cs 
ppm % % ppm % ppm ppm ppm ppm ppm

FLOWERS 22 0.01 0.5 184 1.2 0.3 1 0.03 0.5 -0.05
LEAVES 27 0.02 0.5 110 1.2 0.3 1 0.05 1.2 -0.05
TWIGS 51 0.05 0.3 175 0.8 1.3 2 0.16 -0.1 0.12

BRANCHES 40 0.04 0.2 138 0.5 0.9 2 0.14 -0.1 0.09
U.TRUNK 25 0.03 0.3 125 0.4 0.6 1 0.09 -0.1 0.05
L.TRUNK 21 0.01 0.3 130 0.4 0.3 -1 0.04 -0.1 -0.05

La Sm Ce Nd Yb Lu Hf U Th Ir 
ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm

FLOWERS 0.14 0.02 0.2 -0.3 0.01 -0.001 -0.05 -0.01 -0.1 -0.1
LEAVES 0.24 0.03 0.4 -0.3 0.02 -0.001 -0.05 0.03 -0.1 -0.1
TWIGS 0.71 0.10 0.9 0.4 0.04 0.003 -0.05 0.10 0.2 -0.1

BRANCHES 0.57 0.09 0.8 0.4 0.03 0.006 0.08 0.05 0.1 -0.1
U.TRUNK 0.35 0.05 0.5 0.3 0.02 0.004 -0.05 0.03 -0.1 -0.1
L.TRUNK 0.15 0.02 0.2 -0.3 0.01 0.001 -0.05 0.01 -0.1 -0.1
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GALAXY 
• Pinyon & 

Sagebrush 
• Pilot Shale host 
• Alluvium & shale 

overburden 
• 80 ft to top of ore 
• Major vertical ion 

pathway 
• Minor down-slope 
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 Galaxy Mine Today 



Biogeochemical Patterns 



Tsalt 
 

Total Salt 



 
 

Conductivity 



 
 

Total Salt Sample 



 
 

Total Salt Analysis 





Geochemical Exploration for Gold 
Through Transported Alluvial Cover in 

Nevada: Examples from the Cortez Mine 
 JOHN MUNTEAN & PAUL TAUFEN 

Economic Geology, 2011, v. 106, pp. 809–833 
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