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Discussion Outline 
•Chandalar AMRAP 1975 

•Geroe Creek Cu-Mo Belt 

•Sed & Pan Cons v. Aquatic Moss 

•High Energy Erosion Terrain 

•Moss = Detrital & Chemical Filters 

•Hydrochemical Enhancements 

•Biogeochemical Enhancements 

•Hydrochemical pH v. Species  

•Pathfinder Distribution 

•Compare Riparian Mesquite 

 

 



Bryophyte Species 



• Fine Particle Trap 
• Ion-Exchange 
• Organic chelators 

Bryo-Filters 

Deep-Source 

Near-Source 



Chandalar Topography 



Chandalar Geology 



Chandalar Bryophytes 



Surface Water Acidity 



Bryophyte Distribution 



Species 
 Effects 

•  %ORG compares 
Detrital Loading 

•Ion Exchange Capacity 

•Fe/Mn coprecipitation 



Geroe Location 

Anomalous 
Cu Zn As Sb 



Copper in Stream Sediment 

50-69…70-149…150 ug/g 



Copper in Bryophytes 

23-45…46-90…91 ug/g 



Zinc in Stream Sediment 

100-149…150-199…200-299 ug/g 



Zinc in Bryophytes 

66-112…113-194…195 ug/g 



Lead in Stream Sediment 

50-69…70-699 ug/g 



Lead in Bryophytes 

10-15…16-26…27 ug/g 



Mercury in Bryophytes 

143-341…342-816…817 ng/g 



Molybdenum in Stream Sediment 

5-6…7-9 ug/g 



Copper in Pan Concentrates 

15-69…70-299…300-999…1000 ug/g 



Moly in Pan Concentrates 

20-49…50-149…150 ug/g 



Acid Alkaline 

pH 
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Anions (-1 & -2) & 
Oxyanions (+5 & +6) 

Cations (+1 & +2) 

Hydroxide, oxides & 
halides (+3 & +4) 

Ag Cu Pb Zn As5+ Sb5+ Bi5+ W6+ Mo6+ 

Au3+ Al3+ Fe3+ Si4+  

Generalised pattern of solubility of ionic species as a function of pH 

(adapted from Thornber, 1992; Lawrance, 1999) 
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- 
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Geochemical Processes in Weathered Profiles 

Chandalar Arizona 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

…beyond pH ~ 5, 
Cu++ mobility is 
substantially limited 
by hydrolysis 
reactions…unless an 
appropriate oxyanion 
is available to 
enhance cupric ion 
solubility… 

Cu++ 



The geochemistry of weathering: 
♦green = Fe++,                             
♦yellow and orange = Fe+++, 
♦blue = sulfates of Cu++, Al+++ 

♦white crusts = Ca, Zn, Al 

Mineral Park, Arizona 



…tributary to Brahmaputra 
River, China 

pH = 6.1 waters with active 
malachite precipitation 

probable metals source: 7 km 
upstream, porphyry Cu-Mo 
system 



Rosemont Deposit
Pima Co, Arizona

30

14 4

Mo in Stream Sediment (ppm)
Mo in Mesquite Ash (ppm)

0

0

1

1
Mile

Km

100 

40 
12

Lovstrom (1978)



SAFFORD
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Twig Ash (ppm)
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Fish Livers 



CONCLUSIONS 
METAL ACCUMULATION IN MOSS 

•Plant-Groundwater Link 

•Detrital Filters 

•Chemical Filters 

•Minimal Species Effects 

•High Correlation with Stream Sediment 

•Low Correlation with Pan Concentrates 

•Hg & Mn = biochemical 

•Cu Pb Zn Fe = detrital & co-precipitation 

SheaClarkSmith@CompuServe.com 



CONCLUSIONS 
SURVEY & SAMPLING 

•Stream Confluence 

•500m – 1 Km spacing 

•No Special Tools 

•Wash & Clean in Stream at Sample Site 

•5 x 8 Cloth Bag 

•Drip Dry 

SheaClarkSmith@CompuServe.com 



CONCLUSIONS 
PREP & ANALYSIS 

•Wiley Mill, Pelletize, Ash 

•Neutron Activation (INAA), ICP-MS 

•Element Suite 

•QA/QC: standards, replicates, blanks, RANDOMIZE 

 

SheaClarkSmith@CompuServe.com 



CONCLUSIONS 
INTERPRETATION 

•Surface Water Source 
•Basin Boundries 

•Ground Water Source 
•Structural Geology 

•pH-Eh Constraints 

•Ion Mobility 

•Detrital Mobility 
•Metal Zonation 

•Primary 
•Secondary 

SheaClarkSmith@CompuServe.com 


	Biogeochemical Exploration�� Bryophyte Alternative to� Stream Sediment Geochemistry��
	Discussion Outline
	Bryophyte Species
	Bryo-Filters
	Chandalar Topography
	Chandalar Geology
	Chandalar Bryophytes
	Surface Water Acidity
	Bryophyte Distribution
	Species� Effects
	Geroe Location
	Copper in Stream Sediment
	Copper in Bryophytes
	Zinc in Stream Sediment
	Zinc in Bryophytes
	Lead in Stream Sediment
	Lead in Bryophytes
	Mercury in Bryophytes
	Molybdenum in Stream Sediment
	Copper in Pan Concentrates
	Moly in Pan Concentrates
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Fish Livers
	CONCLUSIONS
	CONCLUSIONS
	CONCLUSIONS
	CONCLUSIONS

