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3.0 SITE HISTORY AND INFORMATION REGARDING THE RELEASE OF 
HAZARDOUS SUBSTANCES AT THE BLUE LEDGE MINE SITE  

 
 
 3.1 History, Uses and Relevant Operations at the Site 
 
The Blue Ledge Mine was discovered in 1898 by three miners who were panning on Joe Creek.  
Active mining at Blue Ledge occurred intermittently over the next several years. Work to 
develop the mine occurred between 1904 and 1909.  From mid-1909 to late-1916, the mine was 
inactive.  The high prices for metals around the time of World War I caused renewed activity at 
the mine.  From 1917 to 1920, over 8,000 tons of ore were hauled away from the mine.  After 
this the mine entered another period of inactivity from 1920 to 1929.  In early 1930, the mine 
became active for another brief period.  In 1930, more than 2,500 tons of ore were shipped from 
the site to be smelted (Hundhausen 1947).  Despite interest in the mine, no large-scale mining 
activity has occurred since the 1930s.  Exploratory drilling, sampling, and mapping, however, 
have been undertaken periodically.     
 
During the mine development and ore extraction, more than two miles of underground 
excavations and connections were blasted and hewn out of the rock.  A substantial amount of 
waste rock was generated as workings were dug and ore was removed.  A mining car that ran on 
a track carried ore and waste rock from the mine’s interior to a mine adit atop the Blue Ledge 
and the face of the slope.  Mine workers would “push [the muck] out the mouth of the tunnel and 
the waste rock they dumped over” (Dymond, Southern Oregon Historical Society).  Timber dikes 
were placed on the mountainside to prevent waste rock from avalanching to the mining camp 
(O’Hara, 1964). 
 
Information is not entirely clear about the 
exact nature and location of the ore 
separation.  A mineworker reports that 
the “separated ore” from the mine tunnels 
was trammed down via overhead cable to 
a location close to Joe Creek (Hutchinson 
1998 and Dymond, Southern Oregon 
Historical Society) (see Photo 3). Some 
mine workings are still seen at the top of 
the mountainside along with partial 
lengths of cable. 
 

 
Photo 3:  Blue Ledge Mine Building, 

circa 1915
Southern Oregon Historical Society, #6839
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Photos and interviews suggest that at the bottom of the mountainside near Joe Creek there was an 
assay building for processing and perhaps crushing ore (Dymond, Southern Historical Society).  
This building may have been on the north side of Joe Creek.  Photos dating from approximately 
1915 show a building that logically fits this description.  This building may have housed a stamp 
mill (see Photo 4).  Stamp mills were used during this period to crush rocks with large metal 
cylinders.  Some stamp mills from the period used water in beneficiation of the ore whereas 
others relied on dry screening methods (Krom 1876).  Regardless of how the crushing or sorting 
occurred, it is well documented that ore was transported from the Blue Ledge Mine to a smelter 
in Tacoma (Hundhausen 1947; Dymond, Southern Historical Society).   
 
The photo of the building at the bottom of the mountain shows what appears to be waste 
surrounding the building and possibly forming the foundation for the wagon road that leads 
down the ravine (see Photo 4).  Prior to 1920, unprocessed ore was stored in dumps (O’Hara 
1985), some of which was processed in 1930 by Reddy and Hughes (Hundhausen 1947). 
 
Tons of waste littering the steep slope of the Blue Ledge are easily visible today from FS Road 
1060. Other waste is still on slopes not visible from the road. Based on an understanding of the 
site history, waste piles may exist under vegetation near Joe Creek on the north or south side of 
the Creek.  Waste is also stored in the mine itself (Hundhausen 1947). 

 

 
 
 

 
 
 
 
 

 
 

Photo 4:  Blue Ledge Mine Building, circa 1915 
Southern Oregon Historical Society, #6839b 
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3.2 Information Regarding the Type, Quantity, Duration, and Frequency of 
Releases of Hazardous Substances   

 
 3.2.1  Acid Mine and Rock Drainage – A Source of Hazardous Substances 
 
An understanding of the geology, geo-chemistry, and site characteristics of the Blue Ledge Mine 
leads to the conclusion that sulfuric acid and metals including cadmium, copper, and zinc, have 
been and are being released at the site.  Sulfuric acid, copper, cadmium, and zinc are CERCLA 
listed hazardous substances pursuant to 40 C.F.R. § 302.4. 
 

Mines exploiting mineralized sulfide deposits, and their associated waste rock, are widely known 
to release sulfuric acid and dissolved metals by a process called acid mine drainage (AMD) or 
acid rock drainage (ARD).3  The sulfide deposits that sparked the economic development of the 
Blue Ledge Mine unfortunately, with development, provide a continuing source of AMD that 
can be harmful to natural resources. AMD at the Blue Ledge Mine is continually formed by a 
weathering process that oxidizes sulfur-bearing minerals to sulfate and acidity.  The AMD 
process is further expedited by oxidation of the reduced minerals by microbes (Schrenk et al. 
1998).  The production of acidity at Blue Ledge, which includes sulfuric acid, causes metals to 
leach from surrounding waste rock as water percolates through the scattered waste piles. The 
small particle size of the waste rock at Blue Ledge presents more favorable conditions for the 
production of AMD than an equivalent tonnage of waste rock with a smaller total surface area 
such as would be the case if the waste pile were comprised only of large rocks.   As 
demonstrated by sampling data discussed in the next section, the water percolating through the 
waste rock at the Blue Ledge Mine carries dissolved cadmium, copper, zinc, and other metals 
downslope and downstream into Joe Creek creating an environment toxic to aquatic life.  

 
 3.2.2 Sources and Nature of Releases of AMD  
 
As explained in greater detail in this subsection a minimum of 55,000 – 60,000 tons of waste 
rock remains at the Blue Ledge Mine Site. The characteristics of the Blue Ledge Mine and its 
waste make it highly productive in terms of creation of AMD and releases of CERCLA listed 
hazardous substances – certain metals and sulfuric acid.  Releases of hazardous substances began 
with mine development and have occurred in every year since.  Extensive iron staining and 
ferricrete4, indicative of AMD, has been observed in a tributary flowing from the Blue Ledge 
Mine site and in Joe Creek downstream of the confluence with this tributary.  Releases from the 
site also have produced exceedances of primary and secondary drinking water standards in Joe 
Creek, a navigable water of the United States.  The AMD has resulted in metals concentrations in 
Joe Creek downstream of the mine in excess of freshwater aquatic life criteria (ALCs) 
promulgated by EPA under the Clean Water Act as a benchmark for the protection of aquatic 
                                                                 
3 AMD is sometimes reserved to refer to the leachate coming from the rock in a mine exposed by mining and 
drilling.  ARD, on the other hand, is often used to refer only to the leachate coming from waste rock.  This PAS uses 
AMD to refer to both of these processes – the leachate from mine workings and the leachate from waste rock. 
 
4 Ferricrete is a conglomerate consisting of sand and gravel cemented into a hard mass by iron oxide derived from 
oxidation of a percolating solution of iron salts. 
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communities.  Exceedances of ALCs will be discussed more fully in Section 4.0, however, these 
data are clear evidence that the AMD from the Blue Ledge Mine is of sufficient quantity to 
produce metals concentrations in Joe Creek toxic to aquatic life. More specifically, information 
and data that help form the basis of these conclusions are as follows. 
 
 Mine Workings 
  
During mine development and ore extraction, more than two miles of excavations and 
connections (drifts, adits, winzes, and raises) were created (Hundhausen 1947). As a result of 
these activities, substantial waste rock also was produced. There are at least six adits with 
approximately 8,240 linear feet of workings where natural ventilation throughout the mine was 
reported as good, suggesting the oxidation of exposed minerals in the mine workings could be 
extensive (Hundhausen 1947).  Tons of waste rock remain in the mine as relatively small rocks. 
(Hundhausen 1947).  Waste rock is also likely to be relatively well aerated. Thus, the mine 
workings and waste rock present favorable conditions for creation of substantial AMD. 
 
  Waste Rock 
 
As the historic accounts explain and current site 
conditions confirm, Blue Ledge waste rock, called 
“muck” by the miners, was dumped on steep 
slopes adjacent to mine portals (Dymond, 
Southern Historical Society).  From the miners’ 
perspective, these steep mountain slopes offered a 
desirable disposal site, as waste would be carried 
down the mountainside by gravity, slides, 
avalanches, and runoff.  Waste rock can be seen 
from FS Road 1060. 
 
Based on a review of the tons of ore shipped from 
the site for smelting and the miles of mine 
workings, a minimum of 55,000-60,000 tons of 
waste rock has been left at the site.5 Estimates 
based on aerial photographs indicate that waste 

                                                                 
 
5 During the period of 1917 to 1930, the Blue Ledge Mine shipped over 11,000 tons of ore away from the site to be 
smelted (Hundhausen, 1947).  At the Blue Ledge Mine the Bureau of Mines (Hundhausen) estimated that the ratio 
of material broken at the site to ore shipped off-site was 6 to 1, although Hundhausen indicated that the ratio was 
probably higher in some areas (Hundhausen 1947).  If the conservative estimate of 6 to 1 is used, then waste rock 
generated at this mine exceeded 55,000 tons during the period of 1917 to 1930.  This estimate can be verified by 
using estimates of the length and cross section of tunnels dug at the mine.  Hundhausen determined that 
approximately 13,310 feet of tunnels with an average cross section of 6 feet by 8 feet were dug at the site. Another 
source estimated that over 15,000 lineal feet of excavation was conducted at the site (Mining in Southwestern OR: A 
Historic Context Statement by George Kramer, 1999).  Using the lower numbers from BOM and the specific gravity 
reported after BOM’s analysis, the minimum waste rock generated at the site can be estimated at just over 60,000 
tons.  This number is similar to that calculated using just the delivered ore and the ratio of delivered ore to disturbed 
material. 

Photo 5:  Fines on the steep slopes above FS Road 1060 
 

Photo by Kathleen Page, Ph.D., Southern Oregon University
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rock at the Blue Ledge Mine covers about 25 to 34 acres.  The shallowest waste deposits are high 
up the mountainside and the deepest deposits are toward the middle and bottom of the 
mountainside on a tributary of Joe Creek, behind a log “dam.”  The waste entirely covers this 
tributary feeding Joe Creek.  The bottom of the main waste disposal area is only a couple of 
hundred yards from Joe Creek. 
 
Particles the size of coarse sand predominate the waste in this large disposal area seen from FS 
Road 1060.  Small stones and rocks discarded as waste by the miners are mixed among coarse 
sand-sized particles.  Waste ranges from 1’ to 30’ deep on the steep slope.  See Photo 5, Page 13. 
 
 Samples Document Substantial Releases of Hazardous Substances from the Mine 
 
Recent water sampling undertaken by the Forest Service confirms the conclusion that sulfuric 
acid and metals listed as hazardous substances are being released by the Blue Ledge Mine Site.  
The data show exceedances of primary and secondary drinking water standards and ALCs, 
criteria that offer benchmarks for the protection of aquatic life in surface waters of California.   
 
The Forest Service collected samples at sites displayed on Map 2, Page 16. Sampling rounds 
occurred in September 2000, April 2001 and August 2001. Water samples were not collected at 
all sites during each round; some locations were dry.  Samples were analyzed for pH, metals, 
dissolved oxygen, temperature, conductivity, hardness, sulfate, and total alkalinity.  Of the 12 
sample locations, there were five stations on the main stem of Joe Creek.  One Joe Creek sample 
location was upstream of the mine (and waste rock) and four sample locations were downstream.  
Beginning at the station upstream of the mine and waste and heading downstream to Elliott, the 
Joe Creek sample stations are as follows:  
 

• Joe Creek 5 (JC5) – upstream of the mine and its waste.   
• Joe Creek 4 (JC4) – near confluence of a tributary downstream of the mine and which 

flows through the main waste rock disposal area. 
• Joe Creek 3 (JC3) – approximately 0.75 miles downstream of the mine and waste rock.  
• Joe Creek 2 (JC2) – approximately 2.25 miles downstream of the mine and waste rock.  
• Joe Creek 1 (JC1) – Joe Creek near its mouth, where it meets Elliott Creek, 

approximately 3.4 miles downstream of the mine and waste rock.  
• Joe Creek 6 (JC6) – downstream of mine waste on a headwater branch of Joe Creek, 

whose confluence with Joe Creek is downstream of JC5. 
 
Samples were taken at two springs along Joe Creek. These locations are as follows: 
 

• Joe Creek Spring 1 (JCS1) – spring crossing the spur road near JC5. 
• Joe Creek Spring 2 (JCS2) – spring entering Joe Creek form the north bank near JC4. 

 
JCS2 may be in an area where waste rock historically was dumped and/or used to make the road 
used for the transportation of ore from the mine.  
 
Blue Ledge 1 (BL1) is located on a side stream that runs through the main waste pile visible 
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from FS Road 1060 and enters Joe Creek 800 vertical feet from the mine. The sample site is 
located approximately 200 yards from a timber dike.  It appears that over 30 feet of waste has 
accumulated behind this dike, which sits at the bottom of the mountain slope on which the mine 
sits.  Extensive iron staining and formation of ferricrete, indicative of AMD, was seen in this 
tributary and in Joe Creek at and downstream of its confluence with this Blue Ledge tributary.  
 
There are two sample locations on Elliott Creek.   
 

• Elliott Creek 1 (EC1) – just upstream of the confluence with Joe Creek. 
• Elliott Creek 2 (EC2) – just downstream of the confluence with Joe Creek.   

 
One sample site, PG1, was located on Park Gulch near its mouth.  
 
Map 2 (see next page) displays the data for pH and selected metals in samples collected during 
2000 and 2001.  In April of 2001, BL1, the tributary of Joe Creek that flows through the main 
waste rock disposal area, was highly acidic with a pH of 3.7.  No samples were taken during the 
summer, as the tributary was dry.  In August 2001, a month characterized by low flows, Joe 
Creek 6, situated downstream of a smaller waste rock area associated with the mine, recorded a 
pH of 4.4.  All other sample locations except JCS2 show pHs between 7.8 and 8.0. Based on 
historical information, JCS2 is suspected to be in close proximity to buried waste rock. These 
data provide evidence that sulfuric acid, a hazardous substance, is being released from the Blue 
Ledge Mine.  Cadmium, copper, iron, and zinc concentrations found in samples from the main 
stem of Joe Creek are displayed on Charts 2 to 4.  The data show striking differences in 
concentrations of metals between samples taken upstream and those taken downstream of the 
mine and its waste. 
 
JC5, upstream of the mine, showed non-detects. Conversely, the sample locations downstream of 
the mine have high concentrations of cadmium, copper, iron, and zinc; moreover, there is a clear 
gradient in concentrations moving away from the mine. The highest concentrations reported for 
all four metals are found in the sample taken at JC4, the location closest to the mine. As Charts 2 
and 3 show, the concentrations of all four metals decrease with increasing distance from the 
mine. During the same sample round, there were very high concentrations of cadmium, copper, 
iron, and zinc in the sample taken at BL1, the tributary of Joe Creek passing through the main 
waste rock disposal area seen from FS Road 1060.  In addition, there were non-detects at Park 
Gulch, a reference site, for the same metals (see Data Display, Map 2).  Thus, the data present a 
clear gradient that points to the Blue Ledge Mine as the source of the releases of cadmium, 
copper, iron, and zinc. As noted above, cadmium, copper, and zinc are listed hazardous 
substances.  Thus, the metals data provide evidence of releases of hazardous substances from the 
Blue Ledge Mine.   
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Water Samples, 2000 & 2001

Joe Creek 1
 9/00 4/01 8/01
[Cd] ND 1.30 ND
[Cu] ND 280 ND
[Fe] 20.6 369 ND
[Pb] ND ND 14.5
[Zn] 21.9 287 54.2
pH 8.0 6.9 8.2

Park Gulch
 9/00 4/01 8/01
[Cd] ND ND ND
[Cu] ND ND ND
[Fe] 27.1 ND ND
[Pb] ND ND 28.7
[Zn] 8.7 ND ND
pH 8.0 7.6 7.9

Joe Creek 4
 9/00 4/01 8/01
[Cd] ND 4.10 ND
[Cu] 53.7 790 83.9
[Fe] 35.3 998 ND
[Pb] ND ND 10.7
[Zn] 70.4 774 144
pH 7.4 6.6 7.5

Joe Creek 5
 9/00 4/01 8/01
[Cd] ND ND ND
[Cu] ND ND ND
[Fe] 19.1 ND ND
[Pb] ND ND 11.2
[Zn] ND ND ND
pH 7.8 7.8 8.2

Joe Creek Spring 1
 9/00 4/01 8/01
[Cd] ND ND
[Cu] ND ND
[Fe] 154 51.3
[Pb] ND ND
[Zn] 3.60 ND
pH 7.6 7.8

Joe Creek Spring 2
 9/00 4/01 8/01
[Cd] 3.7 15.6
[Cu] 407 2990
[Fe] 14.8 586
[Pb] ND ND
[Zn] 727 2880
pH NS 5.4

Joe Creek 3
 9/00 4/01 8/01
[Cd] 0.50 2.50 1.7
[Cu] 30.8 436 101
[Fe] 35.5 508 ND
[Pb] ND ND 10.1
[Zn] 50.7 481 278
pH 7.8 7.8 8.1

Joe Creek 2
 9/00 4/01 8/01
[Cd] ND 1.70 ND
[Cu] 11.4 309 ND
[Fe] 31.5 383 ND
[Pb] ND ND 10.9
[Zn] 29.1 360 71.3
pH 7.4 7.4 7.8

Elliott Creek 1
 9/00 4/01 8/01
[Cd] ND ND ND
[Cu] ND 73.5 ND
[Fe] 35.0 115 ND
[Pb] ND ND 28.2
[Zn] 2.6 78.3 ND
pH 8.0 7.6 8.6

Elliott Creek 2
 9/00 4/01 8/01
[Cd] ND ND ND
[Cu] ND ND ND
[Fe] 22.1 ND ND
[Pb] ND ND 25.8
[Zn] ND ND ND
pH 8.0 7.6 8.5

= Metal concentrations have exceeded federal and state
Maximum Contaminant Levels*

= Iron concentration has exceeded its federal secondary
drinking water standard*

= Zinc concentration has exceeded its federal Maximum
Contaminant Level Goal

All metal concentrations expressed in parts per billion (ppb)

Streams marked with dotted lines become dry in summer months

*Federal and State Drinking Water Standards (ppb)

Metal
Federal 

MCL State MCL
Secondary 
Standard

Federal 
MCLG

Cd 5 5 N/A 5
Cu 1300 1000 1000 1300
Fe N/A N/A 300 N/A
Pb 15 15 N/A 0
Zn N/A N/A 5000 N/A

Joe Creek 6
 9/00 4/01 8/01
[Cd] ND 13.4
[Cu] ND 1830
[Fe] ND 2310
[Pb] ND 25.3
[Zn] ND 2750
pH 7.7 4.4

Blue Ledge 1
 9/00 4/01 8/01
[Cd] 40.3
[Cu] 6990
[Fe] 11100
[Pb] ND
[Zn] 6800
pH 3.7

 
Map 2     



Preliminary Assessment Screen: Blue Ledge Mine    17
 
 

0

200

400

600

800

1000

1200

1400

ppb

JC5 JC4 JC3 JC2 JC1 EC1

Sampling Location

Metal Concentrations
Joe Creek, 4/01

[Cu]
[Fe]
[Zn]

Downstream of mine/AMD input

BL1- Tributary flowing 
through mine waste

[Cu] 6,990
[Fe] 11,100
[Zn] 6,800

 
Chart 2 

 

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

ppb

JC5 JC4 JC3 JC2 JC1 EC1
Sampling Location

Cadmium Concentrations
Joe Creek, 4/01

[Cd]

Downstream of mine/AMD input

 
Chart 3 

 



Preliminary Assessment Screen: Blue Ledge Mine    18
 
 

0

20

40

60

80

100

120

ppb

EC2 EC1

Sampling Location

Metal Concentrations in Elliott Creek
Before and After Confluence with Joe Creek, 4/01

[Cd]
[Cu]
[Fe]
[Zn]

Downstream 
from 
confluence

 
Chart 4 

 
The sample results document the transport of dissolved metals from Joe Creek to Elliott Creek.  
Chart 4 displays the April 2001 data for cadmium, copper, iron, and zinc for the Elliott Creek 
samples taken above and below the confluence with Joe Creek.  As can be seen from the chart, 
the sample taken upstream of the confluence with Joe Creek shows non-detects for all four 
metals, whereas the sample taken at the downstream site on the same day at nearly the same time 
revealed three of the metals—copper, iron, and zinc—were present at elevated concentrations. 
Thus, the data for metals document that the Blue Ledge Mine is releasing metals, some listed as 
hazardous substances, into Joe Creek.  These dissolved metals are being transported to Elliott 
Creek.  No data have been collected downstream of EC1.  However, it is logical to conclude that 
during certain periods dissolved metals from the Blue Ledge Mine may travel well beyond EC1 
to the Applegate River and Reservoir. 
 
Exceedances of the primary drinking water MCLs and secondary drinking water standards are 
summarized in Table 1, page 19 and highlighted in the Data Display, Map 2, page 16.  
Exceedances of maximum contaminant levels (MCLs) set as primary drinking water standards 
for cadmium and copper were detected in the side stream running through the waste pile and in 
waters entering Joe Creek.  Exceedances of secondary drinking water standards (designed to 
protect the aesthetics of the drinking water) also were observed for copper, iron, and zinc.   
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Table 1.  Exceedances of Primary and Secondary Drinking Water Standards  
Compound Standard (ppb) Measured 

Concentration (ppb) 
Location Date 

40.3 BL1 April 2001 
13.4 JC6 August 2001 Cadmium 

 5 (Primary standard / MCL)  

  
 15.6 JCS2 April 2001 

6990 BL1 April 2001 
1830 JC6 August 2001 Copper 

1300 (Primary Standard / MCL) 
1000 (State Secondary Standard) 

2990 JCS2 April 2001 
11100 BL1 April 2001 
2310 JC6 August 2001 
998 JC4 April 2001 
586 JCS2 April 2001 
508 JC3 April 2001 
383 JC2 April 2001 

Iron 300 (State Secondary Standard) 

369 JC1 April 2001 
Zinc 5000 (Federal Maximum Contaminant 

Limit Goal (MCLG)* and State 
Secondary Standard) 

6800 BL1 April 2001 

* MCLG is the maximum level of a contaminant in drinking water at which no known or anticipated adverse effect 
on the health of persons would occur. 
 
The water quality sampling data also reflect exceedances of ALCs, promulgated by US EPA for 
the protection of aquatic life in California surface waters at 40 CFR § 131.38.  Such criteria and 
exceedances will be discussed more fully in Section 4.0, Preliminary Identification of Resources 
at risk.  However, in brief, the data show that AMD from the Blue Ledge Mine has caused 
dissolved metals to reach concentrations in Joe Creek toxic to aquatic life and unable to support 
fish and healthy macro-invertebrate populations. 

 
3.2.3 Duration and Frequency of Releases of Hazardous Substances 

 
The waste produced by the mining operations and left at the site, and the more than two miles of 
excavations in the mine itself are continuing sources of releases of AMD containing CERCLA 
listed hazardous substances. Releases of hazardous substances began with the development of 
the mine decades ago. One can conclude on the basis of geochemistry and site characteristics that 
such releases of hazardous substances have continued every year since and will continue with 
adverse consequences to natural resources unless control of AMD from the Blue Ledge Mine 
Site is implemented.  
 




