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What are The Liberal Arts?

ÅWrite Well

ÅSpeak Effectively
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pH at Blue Ledge & Vicinity - 2006
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Joe Creek Below: Metal Concentrations-2006
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Lower Prospect: Metal Concentrations-2006
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Joe Creek Above: Metal Concentrations-2006
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Lower Adit: Metal Concentrations-2006
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Upper Prospect: Metal Concentrations-2006
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Upper Adit: Metal Concentrations-2006
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Run-Off Channel: Metal Concentrations-2006
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Joe Creek at Confluence with Elliott Creek:

 Metal Concentrations-2006
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Elliott Creek: Metal Concentrations-2006
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ASSESSMENT OF RECENT REMEDIATION EFFORTS TO NEUTRALIZE ACID MINE DRAINAGE AT 
THE BLUE LEDGE MINE, SISKIYOU COUNTY, CALIFORNIA.

Marco A. 1Wikstrom, Jara A. 1Johnson, William S. 1Elliott, Jr., and 2Peter Jones
1Department of Geology, Southern Oregon University, 1250 Siskiyou Blvd., Ashland, OR 97520, 

2North Medford High School, 500 Monroe St., Medford, OR 97504.

Water Chemistry Data
These graphs represent the concentrations of As, Ca, Cd, Cu, Fe, Na, Pb, and Zn in standing pools of water in adits and 

surface waters in and around the Blue Ledge Mine. The high concentrations of Fe, Cu, and Zn in mine waters correspond 

to the most abundant sulfide minerals present at the mine: pyrite, chalcopyrite, and sphalerite.  

The Blue Ledge Mine is an abandoned underground copper-zinc-silver 

mine in Siskiyou County, California that was active from 1916 through 

1920, with reworking of waste rock piles in 1930.  The mine exploited a 

polymetallic massive sulfide deposit, producing over 11,000 tons of ore 

and over 60,000 tons of waste rock.  The deposit was likely formed by 

submarine volcanogenic processes occurring in the early Mesozoic and 

metamorphosed during Jurassic accretion events.  The massive sulfide 

zone varies in width from 0.1 m to 3 m and extends laterally for at least 

1,000 m.  The massive sulfides are composed primarily of brecciated 

pyrite with chalcopyrite and quartz with lesser amounts of sphalerite, 

galena, arsenopyrite, and pyrrhotite.  During the dry summer months, 

standing pools of water in the adits and prospect pits of the Blue Ledge 

Mine become increasingly acidic and concentrated with dissolved metals.  

Heavy precipitation during the winter and spring cause acid mine 

drainage (AMD) to be flushed into nearby Joe Creek, lowering the pH 

and inducing toxic metal loading. In September 2006, a partial 

remediation was completed at the mine site. This study will be used to 

better understand the seasonal variation in toxicity of the AMD system 

and future monitoring of the geochemistry of AMD will enable us to 

evaluate the stabilization of the system and the development of future 

remediation designs.

Introduction

The Blue Ledge Mine is 

located in Siskiyou 

County, California 5 km 

south of the Oregon-

California border.  The 

mine site sits 1,460 

meters above sea level 

near the summit of the 

Siskiyou Mountain 

Range.  The mine is 

adjacent to Joe Creek 

which flows north, 

joining with Elliott 

Creek.  Elliott Creek 

empties into the 

Applegate River, which 

discharges into the 

Applegate Reservoir.

Field work in this study included (1) measuring pH, temperature, 

dissolved oxygen, and total dissolved solids of standing pools of water 

in the adits and surface drainages of the mine, and (2) collecting water 

samples to determine the concentrations of As, Ca, Cd, Cu, Fe, Na, Pb, 

and Zn.  Water samples were collected in 100 mL Nalgene® bottles, 

acidified with 1 mL of concentrated hydrochloric acid, refrigerated, and 

then prepared within a week using EPA Method 3005A. Metal 

concentrations in the water samples were determined by using a

Perkin Elmer Optima 2100 Inductively Coupled Plasma Optical 

Emission Spectrometer (ICP-OES).

In September 2006, the Environmental Protection Agency and U. S. 

Forest Service performed remediation efforts at the mine site. The 

primary goals of this remediation were to resurface the waste rock piles 

below the upper adit, redirect AMD from the upper and lower adits into a 

run-off channel, and create a sediment settling pond behind a log dam in 

the channel.  The waste rock piles were terraced and redistributed in an 

attempt to stabilize the slope, reduce erosion and create a directed run-off 

channel into the settling pond.  The run-off channel was lined with 

boulder sized marble rip-rap which immediately became coated with iron 

precipitates.  The sediment settling pond has accumulated at least 1 meter 

of sediment and is fast approaching the top of the settling pond. During 

heavy precipitation events, AMD cascades over the log dam.  AMD from 

the lower adit flows in an undeveloped and unlined channel until it is 

directed into the settling pond by a marble berm.  During heavy flows, 

the drainage from the lower adit exceeds the height of the diversion berm 

and bypasses the settling pond.  Monitoring of water chemistry of AMD 

from the Blue Ledge Mine indicates minimal impact of the remediation.  

This may be due to the overwhelming release of AMD from the 

disturbance of the waste rock during remediation and/or the size of the 

rip-rap.  Location

Methods

Reclamation Efforts

pH Data Total Dissolved Solids

Conclusions
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The water chemistry of the acid mine drainage is directly related to the 

sulfide mineralogy of the ore deposits at the Blue Ledge Mine.  From the 

water chemistry data collected at the Blue Ledge Mine, a seasonal trend 

in the metal concentration of acid mine drainage has become evident.  

During the dry summer months, weathered products from the alteration of 

sulfide minerals accumulate in standing pools of water within the adits of 

the Blue Ledge Mine, causing an increase in acidity and dissolved metal 

concentrations.  Heavy winter precipitation flushes these accumulated 

weathering products from the adits, down run-off channels, and into Joe 

Creek.  As wet conditions prevail through the spring, the water in the 

adits and run-off channels becomes diluted and metal concentrations 

decrease markedly.  Continued sampling in the next year will permit a 

more detailed seasonal representation of the fluctuations in metal 

concentrations.   Finally, continued monitoring of AMD at the Blue 

Ledge Mine will be used to refine and guide future remediation efforts at 

the site.  

The pH within the adits of 

the Blue Ledge Mine range 

from 1.6 to 2.7.  The pH in 

the run-off channel is 

slightly higher than in the 

mine adits, with pH 

decreasing from 4.0 to 2.9 

over the summer. Joe 

Creek, Elliott Creek, and 

the Applegate Reservoir 

have pH values between 7.0 

and 8.0 during the summer 

months. As a result of 

decreased precipitation and 

water flow during the 

summer, a decrease in pH 

occurs in the mine adits and 

run-off channel.

A special thanks goes to Steve Petrovic of the SOU Chemistry 

Department for assistance with preparation techniques and training on the 

instrumentation used for this project. The ICP-OES at Southern Oregon 

University (SOU) used in this study was acquired and supported by the 

National Science Foundation, Major Research Instrumentation Grant 

EAR-0420855.  Funding for this project was made available through a 

Partners-in-Science grant awarded by the Murdock Charitable Trust to 

Peter Jones and Bill Elliott and a generous grant awarded by Sigma Xi 

The Scientific Research Society to Jara Johnson and Marco Wikstrom.  

The total dissolved solids (TDS) in the mine adits range 

from 2,200 ppm to 4,080 ppm.  The TDS of the upper 

prospect pit is not shown as it exceeds the detection limit 

of the TDS meter.  The TDS of the run-off channel 

increases from 148 ppm at the beginning of June to 530 

ppm by the end of July, probably due to a decrease in 

water flow and concentration of dissolved solids in the 

remaining solution.  The TDS levels of the local streams 

range from 50 to 100 ppm.      
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