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ABSTRACT 
 
 

 Mining and milling of metals were the primary industries in the study area for most of 

the late 1800’s into the early 1900’s.  Wastes from the mining and milling processes are 

abundant in the area and present significant threats to the environment.  Abandoned in 1900, 

the Silver Lake Mill is located on Silver Lake, southeast of Silverton, CO.  Tailings (mill wastes) 

are located above and below the lake level providing an excellent location to study long term 

water cover of mill tailings.  The project included water samples from the lake, its outlet and 

inlets plus tailings samples above and below water level.  These samples were used to 

determine if the lake was contaminated and if so, its source.  Field parameters of pH, 

conductivity, temperature, and dissolved oxygen were observed.  Samples were analyzed for Al, 

Fe, Cu, Ni, Zn, Cd, and Pb.  All parameters except Ni were found in the lake, but neither the 

inlets nor the outlets had high enough metals concentrations to be the sole contributor.     

 Examination of these results show that the lake holds contaminated water with an 

increasing metal concentration at depth.  It also appears that the submerged mine and mill 

wastes contribute most of the metal contamination found in the lake.  Lastly, the study has 

shown that the contamination is generally contained within the lake. 
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CHAPTER 1 

INTRODUCTION 

 
 
1.1  Purpose 

The purpose of this study is to determine the effect of long-term water cover on the 

metal-rich tailings of Silver Lake ore processing mill # 1.   

1.2 Scope of Study 

 This study focuses on an area draining into Silver Lake basin, southeast of Silverton, 

Colorado.  All samples except one, a lake sample at the Big Colorado Lake in Velocity Basin 

which served as a control, are located within the Silver Lake Basin.  The sampling locations at 

Silver Lake included the inlets, outlets, lake water, and tailings from the mill.  At the control 

lake, only the lake water was sampled.  Field parameters of dissolved oxygen, pH, temperature, 

and specific conductivity were recorded at each water sampling location, and each sample was 

tested for aluminum (Al), iron (Fe), copper (Cu), nickel (Ni), zinc(Zn), cadmium (Cd), and lead 

(Pb).    The tailings samples were tested for the stated metals as well as mercury (Hg).  Sampling 

locations on Silver Lake are shown in Figure 1.   

1.3 Geological Background 

The mountains in this area are composed of uplifted Tertiary period Volcanic rocks 

underlain by deformed and eroded sedimentary rocks from the Paleozoic and Mesozoic eras.  

Beneath these sedimentary layers lie the Precambrian crystalline basement rock composed of 
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schist and gneiss (Varnes, 1963).  Volcanism in the San Juan Mountains began in the Tertiary 

period as a part of a much larger volcanic region that had been active throughout the Southern 

Rocky Mountains from about 40 million to 18 million years ago (mya) (Blair, 1996).  During the 

mid-Tertiary, about 35 mya, stratavolcanoes in what are now the western San Juan Mountains 

erupted, producing intermediate lava flows as a part of the San Juan Formation.  Caldera-

related volcanism began around 28.2 mya with the formation of the San Juan and 

Uncompahgre Calderas.  Fracturing from the growth and collapse of these calderas were the 

most important structural features for localization of later ore bodies in the study area (Blair, 

1996).  The fractures and faults caused by this activity acted as a plumbing system for later 

upward migration of hot, acidic, mineral-laden waters (Blair, 1996).   

 

Figure 1.  Sampling Site Location Map for Silver Lake, near Silverton, CO. 
(Sperlings Best Places, 2005) (USGS, 1955) 
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The aforementioned mineral-laden waters were rich with gold, silver, lead, zinc, and 

copper, the metals for which this area is known.  As the fluids neared the earth surface they 

cooled and minerals crystallized, creating the veins that bear the precious metals desperately 

sought after in later years.  Erosion over the course of millions of years has exposed these veins 

and created placer deposits as mineralized sediments gathered in sand bars.  These placer 

deposits, though worth only a fraction of what was present in the veins, would draw the initial 

miners to the area. 

Silver Lake is located just south of the Silverton Caldera boundary, in the Burns Member, 

of the Silverton Volcanic’s Formation.  This member is Oligocene in age and is composed largely 

of light to dark gray porphyritic andesite and dacite with euhedral to subhedral phenocrysts of 

plagioclase, amphibole, pyroxene and some biotite.  It has been altered to chlorite, calcite, and 

locally albite and epidote (USGS, 2002).  Quaternary deposits are located at the south end of 

the lake near the major inlet as well as wherever tailings or dump-rock are found. 

1.4 Historical Background  

1.4.1 General Area 

Charles Baker was an active prospector in the rush to California Gulch near Leadville, CO 

in 1859 and 1860.  As he was working for S. B. Kellogg & Company in California Gulch as a 

miner, he hypothesized that a mineral belt ran from central to southwest Colorado.  After 

convincing S. B. Kellogg & Company that an expedition to the southwest could be profitable, 

the company agreed to fund the project.  The Baker Party arrived on Cinnamon Pass, east of the 

present location of Silverton, in June of 1860 in search of gold placer deposits.  Upon 



4 

 

descending into what is now Baker Park, they found what they were looking for.  This began the 

great mining history of the Silverton area (Twitty, 2008). 

Despite several ups and downs, the mining industry in the area lasted for more than 100 

years.  Throughout these years, hundreds of prospects, mines, and mills were operated in the 

district.  Over 500-million-dollars worth of metals were produced from this area (Church et. al, 

2007).  Waste from the mining and milling processes over these years accumulated in the area, 

and much is still present today.  Approximately 8.6 million short tons of mill waste was 

discharged into the Animas River system from 1872 to 1935 (Church et. al, 2007).  Now, only 

the empty shafts and remnants of the milling operations remain along with tons of mine and 

milling wastes.  

1.4.2 Silver Lake Study Area 

 The study area is the Silver Lake Basin, which directly surrounds Silver Lake, as shown in 

Figure 1.  At over 12,000 ft above sea level, the ascent into the basin was and still is no small 

feat.  As a classic hanging valley, the basin is separated from the rest of the gulch by several 

thousand feet of talus slope and cliff face.  The best access to the area is a trail on the east side 

of the gulch that leads from the present ruins of the Mayflower Mine.   

1.4.2.1 The Silver Lake Basin 

The first documented prospector to enter the Silver Lake Basin was John Reed in 1876, 

who staked the Silver Lake claim as well as others in the area (Twitty, 2008).  Another unknown 

prospector also filed the Buckeye Claim around that same time.  These and other claims 
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eventually led to the formation of four mines and one mill.  The mines were the Silver Lake, 

Iowa, Royal Tiger, and Buckeye, and the mill was the Silver Lake # 1.   

1.4.2.2 Silver Lake Mine and Mill # 1 

The Silver Lake Mine and Mill # 1 were located at lake level on the northwest side of the 

lake.  Plate 1 shows a view of the mine and mill complex in 1904. The mine produced large 

amounts of ore beginning around 1890 under the direction of Edward Stoiber.  Production 

slowed with the dwindling supply of the ore after 1912 when the American Smelting and 

Refining Company (ASARCo) let their lease expire.  There were a few other individuals and small 

companies that leased portions of the mine until the mid 1920’s, but major production ceased 

after ASARCo in 1912 (Twitty, 2008). 

The mill had a much shorter history than the mine.  It was built in 1890 by Edward 

Stoiber and featured many of the latest technological advances in milling and power (Twitty, 

2008). Constructed on at least three stair-step terraces, it used gravity to draw the ore through 

treatment.   An innovation that set it apart from other mills in the area was that at the first 

step, workers manually separated the ore, throwing out obvious waste rock before it even 

entered the mill.  Two Blake Crushers were used to pulverize the rock into gravel and sand 

followed by 5 batteries of 10 stamps to further reduce the payrock.  Rotating Trommel screens 

separated the fines by size, and then these particles entered separate treatment paths 

depending on their size.  This step, specifically designed by Edward Stoiber, also set the mill 

apart from its contemporaries.  Following the Trommel screens were 4 cornish rolls used to 

reduce the large clasts.  Then 8 Hartz Jigs separated the fines by specific gravity, and lastly 8 



6 

 

Woodbury tables as well as 18 end shake slimes tables finished the concentration (Ransome, 

1901).  Detailed descriptions and pictures of the milling equipment are in Appendix C.  Overall, 

the mill produced 50 tons of concentrate per day (Twitty, 2008).  An especially impressive 

aspect of the mill and mine was that it used alternating current electricity for lighting and to 

power small motors.  A transformer station for the electrical system is one of the last standing 

buildings on the site.  Despite all the technological advances used to design the mill, within 10 

years, Edward Stoiber was designing and building a second, larger mill.  Located far below, on 

the Animas River, Silver Lake Mill # 2 was built in 1900, leaving the original mill idle (Twitty, 

2008). 

 

 Plate 1. View of the Silver Lake Mill and Mining Complex, 1904 (Church et al. , 2007) 
 

The mill tailings from the original Silver Lake Mill were piped by flume directly into Silver 

Lake.  As shown in Plate 1, the entire foreground of the photograph, which should be part of 

the lake, is covered with the tailings.  At least 500,000 tons of tailings were piped into the lake, 
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creating an artificial beach that separated the northern and southern portions of the lake 

(Twitty, 2008).  Although the mill was at the cutting edge of technology during the 1890’s, the 

metals recovery was very low and 40-60% of the desired product ended up in the tailings.  In 

1913, lessee Otto Mears explained to Arthur Redman Wilfrey, a respected metallurgist and 

engineer from Denver, that he saw not tailings in Silver Lake but a partially processed form of 

low grade ore.  With Wilfrey’s design, Mears built a mill designed to process the tailings on the 

Animas River.  The only problem left was getting the tailings from their current location on 

Silver Lake to the mill far below on the Animas River.  The engineering feat included special 

sand pumps mounted on a barge that would vacuum up the tailings and pipe them by slurry 

down the headwall of Arrastra Gulch and by trestle over the Animas to the mill.  Over the 

course of 6 years the operation processed all but about 100,000 tons of the 500,000 tons 

present, and was able to produce over $100,000 worth of concentrates, which made the effort 

well worth their time (Church et al, 2007) 
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.  

Plate 2. View of the Silver Lake Basin, 1907 (Church et al., 2007) 
 

1.4.2.3 Iowa Mine 

The Iowa Mine is located a few hundred feet above lake level, directly to the south of 

the Silver Lake Mine.   Major production in the Iowa began with Gustavus Stoiber and James H. 

Robin who organized the Iowa Gold Mining and Milling Co. in 1893 after Benjamin W. Thayer 

and James H. Robin found a vein in the Iowa rich in gold.  Galena was also found in profitable 

amounts in the mine.  The ore produced by the mine was shipped by tramway to the Iowa Mill 

located further down in Arrastra Gulch.  The Spanish Influenza hit the Iowa Mine in late 1918 

causing Slattery, who was running the mine at the time, to halt production for a few months 

only to reopen with a fraction of the workers.  Major production in the mine slowed and then 

came to a halt in 1919 and 1920.  One of the main investors in the Iowa Mine, Otto Mears, who 

also controlled most of the railroads in the Silverton area, withdrew his interests in the mine in 

1920 (Twitty, 2008).  As with the Silver Lake Mine, individuals and small companies leased 
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portions of the mine up until the mid 1920’s, but much of the profitable ore was removed and 

major production would never return.   A list of common ores and their chemical formulas is in 

Appendix B. 

1.4.2.4 Buckeye Mine 

The Buckeye Mine was located above and to the south of the lake.  It was a much 

smaller operation than the Silver Lake or Iowa Mines.  The claim on the Buckeye was staked in 

1876, and the original workers labored on it only until 1879 when the claim fell silent (Twitty, 

2008).  Otto Mears began his interest in the mining industry with the Buckeye as he leased the 

property in 1886.  The mine was at full production by 1887 but was not open for long as it 

closed again in 1889.  An unnamed partnership leased the mine again in 1899 and produced for 

several years.  This was the last noted occupation of the mine, but one may assume it could 

have been active with individuals or small companies some time after this. 

1.4.2.5 Royal Tiger Mine 

The Royal Tiger was located on the east side of the lake, directly across from the Iowa.   

Work began at the Royal Tiger with Jonathan Crooke and his brother in 1877.  In 1896, 

Gustovas Stoiber along with the other Iowa Mine investors, purchased the Royal Tiger Mine and 

provided it with a proper surface plant and living quarters.  Ore from this mine was also sent to 

the Iowa Mill below the basin in Arrastra Gulch.   Otto Mears, Jack Slattery and investors leased 

the Royal Tiger along with the Iowa Mine in 1908.  Excellent production continued under 

Slattery’s direction, but production slowed in 1912 followed by the destruction of the 
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boardinghouse by an avalanche in 1913.  The mine closed soon after this event as the payrock 

in the mine was exhausted (Twitty, 2008). Major production in the mine was finished, but 

individuals and small companies continued to lease the mine off and on until the mid 1920’s.  

1.5 Present Description 

Currently, there are less than a handful of buildings left precariously standing amidst the 

rubble of rusty machinery and distorted building materials.  Large cables from the tramways, 

rusty milling equipment, as well as miscellaneous household items such as shoes and broken 

glass, litter the area.  The tailings from the 

mill still make a long peninsula into the 

lake, reaching to within 20 ft of the 

opposite edge.  One of the sand pumps 

on a grounded barge sets surrounded by 

an artificial bay of tailings.   The lake has a 

“bathtub ring” of blackened rocks 

approximately 1 ft above the water 

surface, and there does not appear to be 

any life in the lake other than a few 

waterbugs.  The main inlet to the lake is 

found at the south end, draining an upper 

snow-fed basin.  Other inlets consist of 

snowmelt and one man-made drain that appears to come from the Iowa Mine.  Partially 

Plate 3: View West of the Silver Lake Mine and Mill Complex, 

2008 
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covered with building material that has fallen into the lake, the outlet is at the north end and 

leads to the shear cliff that marks the head of Arrastra Gulch.  The current owner of the mines 

and surrounding area is American Smelting and Refining Company (ASARCo) which has not 

been active in the area for many years.  

1.6 Previous Work 

Historical studies of the water quality of the basin have been performed by the Animas 

River Stakeholders Group in the 1990’s and early 2000’s.  The findings from these investigations 

will be discussed in the subsequent chapters.  The United States Geological Survey (USGS) 

Professional Paper 1610 by Church et al. (2007) give information on the general Animas 

Watershed, but does not include specific data on the Silver Lake Basin.  This publication does 

include information on the outflow once it reaches the base of Arrastra Gulch.  However, by 

this point, the water from the outlet has mixed with several other streams.  Therefore, this data 

is not representative of outlet concentrations.  No other information concerning sampling in 

the area has been uncovered in the literature research. 
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CHAPTER 2 

METHODS 

 
 

2.1 Field Work 

The field work for this project was completed August 4th through August 7th 2008.  It 

consisted of collection of stream water samples, lake water samples, and tailings samples, in 

addition to observation of industrial archaeological evidence. 

2.1.1 Stream Samples 

All inlets and the outlet of the lake were sampled as described in the sections below.  

Locations of the sampling sites were recorded on a paper map in addition to a Global 

Positioning Satellite (GPS) system.  Sampling locations are shown on Figure 1. 

2.1.1.1 Discharge Measurements  

The characteristics of the inlets including the stream width, depth, gradient, and shape 

were noted while on site.  These characteristics along with historic flow measurements made 

by the Animas River Stakeholders Group were used to determine approximate flow into the 

lake. 

2.1.1.2 Metals Analysis 

 Due to the small size of the inlets, the stream water samples were collected by the 

combination of three grab samples spaced approximately 10 ft apart, upstream, downstream 

and at the location the field parameters were taken.  Each grab sample was collected with a 

clean 250 mL polyethylene bottle and shaken 10 seconds to ensure all particles were 
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suspended.  All three 250 mL grab samples were collected in this manner and added to the 1 L 

bottle. The 1 L bottle was then shaken approximately 10 seconds and used to fill the 500 mL 

polyethylene sample bottle, which was pre-treated with nitric acid for preservation.   

All samples were analyzed by Accutest Laboratories based in Houston, Texas.  The 

holding time for aluminum (Al), iron (Fe), copper (Cu), nickel (Ni), zinc (Zn), cadmium (Cd), and 

lead (Pb) is 6 months and for mercury (Hg) is 28 days.  The lab used the analytical 

Environmental Protection Agency (EPA) method SW 846 6010 B on both water and sediment 

samples for all analysis except for Hg.  This method, otherwise known as inductively coupled 

plasma-atomic emission spectrometry, is approved by the EPA (EPA, 1996).  Further 

explanation of this method is located in Appendix D.  The data collected from these analyses 

were then compared to the Maximum Contaminant Level (MCL) or Secondary Standard for that 

metal.  The MCL is the highest concentration of a contaminant that is allowed in drinking water 

and the secondary standards are non-enforceable guidelines regulating contaminants that may 

cause cosmetic effects (such as skin or tooth discoloration) or aesthetic effects (such as taste, 

odor, or color) in drinking water (EPA, 2009).   More information on MCLs and Secondary 

Standards can be found in Appendix D.   

The analytical method used to determine the mercury amount was EPA method number 

SW 846 7471 B (EPA, 2007).   This method is also known as the mercury in solid or semisolid 

waste (manual cold-vapor technique).  Further explanation of this method is in Appendix D. 

Field parameters were also taken at each site using a YSI 600XL (multi parameter water 

quality sonde), with specific conductance, temperature, pH, and dissolved oxygen probes.  

These parameters were recorded for each sampling site after the monitor had stabilized.   
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2.1.2 Lake Samples 

The lake samples were taken at differing depths and locations on the lake.  Sampling 

locations are shown in Figure 1.  The first sample site is at a water depth of approximately 7 ft 

and is located in the center of the tailings crater.  The second location was taken at a water 

depth of approximately 20 ft.  Whether this sample overlaid tailings is unclear.   A clean 

kemmerer was used to collect each sample.  For each sample, a clean kemmerer was lowered 

to the desired depth and then the valve was closed retrieving the desired 2 feet of the water 

column.  See entry # 6 in Appendix C for more information on the Kemmerer.  The sample was 

then transferred from the kemmerer into a 500 mL polyethylene sample bottle, which was pre-

treated with nitric acid and stored in an ice chest to await shipment.  Field parameters were 

recorded every 1 to 2 feet providing a vertical profile using the YSI 600XL.  The sampling 

locations were recorded using a GPS as well as marked on a paper map.   

The control lake sample was taken in the same manner as the Silver Lake samples.  This 

lake was approximately 7 ft deep so only one sample was collected. 

2.1.3 Tailings Samples  

The two tailings samples were taken near the mill site, one above the water and one 

below.  The above water sample was collected by first digging a small hole approximately 6 

inches deep and 6 inches wide.  The sample was then scooped from the bottom of the hole 

using a clean polyethylene scoop and placed in a glass sample jar.  The below water sample was 

collected approximately 10 ft from the shore as close as possible to the first sample and taken 

in the same manner.  Both sample jars were placed in bubble wrap and stored in an ice chest.  
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The samples were analyzed for the same metals as for the liquid samples with the addition of 

mercury.  Locations were recorded using a GPS as well as marked on a paper map. 

2.1.4 Archaeological Evidence 

Archaeological evidence was noted in journal form by myself and my field assistant 

separately to attain two different views.  A description of the standing and collapsed buildings, 

lake, cableways, tramways, mill machinery, mine openings, and any other relevant information 

was recorded. 

2.2 Records Research 

The records research for the project was done by collection of all available data on the 

study area.   Information was found in the archives of the San Juan County Historical Society in 

Silverton, Colorado, as well as books written on the area, Animas River Stakeholders Data, and 

USGS area data. 

2.2.1 San Juan County Historical Society Archives 

The San Juan County Historical Society Archives at Silverton are a collection of all 

available historical information from the area.  It is located on the court house square to the 

north of the court house, near the historical society museum.  Documents, photographs, 

manuscripts, maps and many other types of materials were donated to the Society.  The 

materials accessed for this project were mainly assay record books showing the original 

production of the Silver Lake Mill # 1.   

2.2.2 Area Literature 

Many books written on the area aided in its general explanation and history.  A 

complete list of these books is available in the bibliography section of this paper.  One of the 
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most helpful authors was Eric Twitty, who wrote the book Basins of Silver (2008).  This book 

focused on the Silver Lake Basin and provided much information on the history of the area. 

2.2.3 Animas River Stakeholders Group Data 

The Animas River Stakeholders Group was contacted by personal communication to 

inquire of historical data on the Silver Lake Basin to use as a comparison to the samples 

collected in 2008.  Unpublished data was provided from 1994 to 2005 which gave a short 

background for this project.  This data is presented in detail in the results portion of this paper.  

2.3 Mass Balance Calculations 

The purpose of the mass balance calculations was to determine if the metals 

contributed by the inlets is enough to account for the current concentrations found in the lake.  

To do this, the lake level was considered steady so that the residence time principle could be 

applied.   Residence time can be defined by equation (2.3.1). 

          (2.3.1) 

 

Residence times are often used similarly to half life in radiometric decay (Garrels et al., 

1975).  In this project, the residence time can be considered the time it takes for the reservoir 

to be mixed 50/50 with inlet water and original lake water.  This tells us that as time passes the 

original lake water will logarithmically be replaced with the inlet water, approaching, but never 

reaching the maximum inlet concentration (Garrels et al., 1975).  To make this term useful the 

maximum concentration of the inlet water was found using equation (2.3.2).   

(2.3.2) 

 

Residence Time   = 
Volume in Reservoir 

Rate of Volume 

Change 

Σ ( Ci x Fi ) 

FT 

Maximum Inlet Concentration =  
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In equation 2.3.2, Ci is the concentration of the metal in the inlet, Fi is the flow rate of 

the inlet, and FT is the total flow of all inlets into the lake.  After the maximum inlet 

concentration was found for each metal, the mass balance equation (2.3.3) was used to 

compare the average concentration found in the lake (from lake water column data) to find the 

concentration contributed by non-inlet sources.  This calculation is used in equation (2.3.3) 

where LC is the average lake water concentration, IC is the maximum inlet concentration, and NC 

is the non-inlet source concentration. 

(2.3.3) 

  

LC  =  IC + NC 
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CHAPTER 3  

RESULTS 

3.1 Field Work 

3.1.1 Stream Samples 

3.1.1.1 2008 Data 

Stream water samples were taken at six locations around the lake.   As shown in Figure 

1, they included samples from 4 small inlets (1, 3, 4, and the Iowa Inlet), 1 main inlet (2), and 1 

outlet.  At each of these locations, the field parameters of dissolved oxygen, pH, temperature, 

and specific conductivity were recorded as well as a sample taken to be sent to Accutest 

Laboratory for analysis of the metals Al, Cd, Cu, Fe, Pb, Ni, and Zn.    

The data for field parameters and metals analysis for the stream samples, is in Tables 1 

and 2, respectively. 

TABLE 1 
 

FIELD PARAMETERS FOR STREAM WATER SAMPLES 
 

Sample 
Site 

Date Time 
Dissolved 
Oxygen 
(mg/L) 

pH 
(standard 

units) 

Specific 
Conductivity 

(µS/cm) 

Water 
Temperature 

(OC) 

Inlet # 1 8/4/2008 1320 6.16 7.26 50 11.05 

Inlet # 2 8/4/2008 1340 6.84 7.37 61 10.19 

Inlet # 3 8/5/2008 1527 5.23 6.94 45 12.49 

Inlet # 4 8/5/2008 1558 7.77 6.15 121 4.1 

Iowa Inlet 8/5/2008 1445 8.77 8.31 26 2.6 

Outlet 8/4/2008 1454 5.82 6.94 61 13.27 
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TABLE 2 
 

METALS DATA FOR STREAM WATER SAMPLES 
 

Sample Site Aluminum Cadmium Copper Iron Lead Nickel Zinc 

Inlet # 1 
<200 <4.0 <25 <100 <3.0 <40 44.9 

Inlet # 2 
<200 <4.0 <25 <100 <3.0 <40 <20 

Inlet # 3 
<200 <4.0 <25 <100 <3.0 <40 <20 

Inlet # 4 
291 10 190 <100 119 <40 1670 

Iowa Inlet 
<200 <4.0 28.1 <100 40.3 <40 319 

Outlet 
<200 <4.0 <25 <100 8 <40 276 

MCL or 
(Secondary 
Standard) (200) 5 1300 (300) 15 100 (5000) 

*all concentrations are in µg/L 

      
3.1.1.1.1 Inlet # 1 

Inlet # 1 is a small tributary to the main inlet # 2 

on the southeast corner of the lake (Plate 4).  The 

average discharge of this stream during the summer is 

approximately 0.4 cubic feet/second (cfs).  Because this 

stream is majorly snow-fed, it can be assumed to be 

intermittent.  The area that is drained by this stream is 

the ridge between Kendal Peak and Round Mountain.  

The field parameters recorded at this inlet are in Table 1 

and the metals concentrations in Figure 2.  Zinc was the Plate 4. View of Inlet # 1 Looking Upstream 
to the Southwest, 2008 
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only metal at this location to be found above the lab detection limit.  A detection limit is the 

minimum amount that can be accurately detected for the specific lab analysis.    

 

Figure 2: Inlet # 1 Metal Concentrations 

 

3.1.1.1.2 Inlet # 2 

Inlet # 2 is the main inlet to Silver Lake and is located on the south side.  It drains the 

upper basin area on the north flank of Kendal Peak.  Any runoff from the Buckeye Mine would 

be present in this stream.  Average 

discharge of this inlet during the 

summer is 6.6 cfs.  No metals were 

found above the detection limits at 

this site. 

 

Plate 5.  View of Inlet # 2 looking North toward Silver Lake, 2008 
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3.1.1.1.3 Inlet # 3 

 Inlet # 3 is a small stream fed mostly by 

snowmelt.  It is located to the northeast of the lake and 

flows directly into the northernmost portion of the lake.  

The average discharge of this stream is approximately 

0.4 cfs during the summer, and because it is snow-fed, it 

can be assumed to be intermittent.  The laboratory 

analysis for this location did not find any metals above 

the detection limits. 

 

3.1.1.1.4 Inlet # 4 

Inlet # 4 is a small stream located on the southeast end of the lake.  This stream drained 

directly from what appeared to be a collapsed mine opening.  The water in the opening was 

tinted light green and was 

approximately 2 ft deep.  This stream 

fed directly into inlet # 2 at the 

mouth of the lake.  The average 

discharge of this stream is 

approximately 0.4 cfs during the 

summer.  Specific conductivity was 

higher than any of the other sampling 

locations at 121 (µS/cm).  The metals analysis revealed the concentrations of aluminum at 291 

Plate 6. View West Toward Silver Lake 
Over Inlet # 3, 2008 

Plate 7. View looking west over Inlet # 4, 2008 



22 

 

(µg/L), cadmium at 10 (µg/L), copper 

at 190 (µg/L), lead at 119 (µg/L) and 

zinc at 1670 (µg/L) (Figure 4). 

 

 
 
 
 
 
 

 

 

Figure 3: Inlet # 4 Metal Concentrations 

 

 

 

 

 

Plate 8. View of the Apparent Source of Inlet # 4, 2008 
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3.1.1.1.5 Iowa Inlet 

The Iowa Inlet is the main 

contributor to the small waterfall 

near the ruins of the Iowa Mine 

boiler room.  The sampling site was a 

man-made 3-sided board drain 

which flowed underneath the 

foundation of a removed building.   It 

appeared to drain part of the workings of the Iowa Mine.  The temperature, at 2.6 °C, was much 

lower than the other inlets.  This relatively low temperature supports the assumption that the 

water flowed from underground mine workings.  This stream has an average discharge of 0.1 

cfs during the summer.   The metals analysis showed the concentrations of copper, lead and 

zinc above the MCLs at 28.1, 40.3, and 319 (µg/L), respectively.   

 

 

 

Plate 9. Taking field parameters at the Iowa Inlet, 2008 

Plate 10. Side view looking north at the board drain of the Iowa Inlet, 2008 



24 

 

 

Figure 4: Iowa Inlet Metal Concentrations 

 

3.1.1.1.6 Outlet 

The only outlet for Silver Lake 

is located at the north end.  After 

traveling approximately ¼ mile north, 

the stream reaches the mouth of 

Arrastra Gulch and plummets by 

waterfall into the central stream of 

Arrastra Gulch.  The outlet sampling 

location was approximately 50 meters below the lake.  The average discharge for this location is 

approximately 7.4 cfs during the summer.    The metals with a concentration above the MCL in 

the outlet were lead and zinc at 8 and 276 (µg/L), respectively.   

Plate 11. Collecting Field Parameters at the Outlet Looking to the 
North Toward Arrastra Gulch, 2008 
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Figure 5: Outlet Metal Concentrations 

 

3.1.1.2 Data Collected Prior to 2008 

The data from the Animas River Stakeholders group was collected from 1994 to 2005.   

The sampling sites were not all the same as those in this study, but there is historical 

information for the Inlet # 2, Inlet # 3, and the Outlet.  There are also additional sampling 

locations that have been sampled in the past.  Approximate locations for these sampling sites 

are shown in Figure 6 and data in Table 3. 

  3.1.2 Lake Samples 

There were two types of lake water samples.  The first type was taken from the bottom 

two feet of the water column specifically for this project.  The second type was taken by the 

Animas River Stakeholders group where the water column at certain depths was tested.  These 

two sets of data cannot be compared because the lake bottom data contained lake bottom 

sediments. 



26 

 

 

Figure 6. Topographic location map of Historical Sampling Points, (USGS, 1955)  
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3.1.2.1 Lake Bottom Data 

 The lake bottom data was collected during the 

field work for this project, in August of 2008.  The first 

sample, Silver Lake # 1, was the bottom two feet of the 

water column at a depth of 18 to 20 ft.  The location was 

taken south and slightly east of the mill site out into the 

lake approximately 30 yards.   The sample was taken 

with a kemmerer and included a few grains of sediment.  

Field parameters were taken every two feet to detect 

any vertical stratification.  The second sample, Silver 

Lake # 2, was taken in the center of the tailings crater to the east of the mill site.  The sample 

was collected from the bottom two feet of the 7 ft water column at this location.  This sample 

also included a few grains of sediment from the bottom.   

A control lake sample from the Big Colorado Lake, in Velocity Basin, was also taken.  The 

Big Colorado Lake was chosen because it is located in the Silverton Volcanic’s Formation, Burns 

Member, similar to Silver Lake and it has no history of mining and/or milling nearby.  The lake 

was about 7 ft deep so there was only one sample taken here, Big Colorado # 1, at 7 ft.  This 

sample did not contain sediment from the bottom because the bottom was covered with 

boulders.   Field parameters were also taken here at 1 ft intervals (Table 4).  Metals data for the 

lake bottom samples is in Table 5. 

 

 

Plate 12. Setting Kemmerer for Lake 
Bottom sample, 2008 
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TABLE 4 
 

FIELD PARAMETERS FOR THE SILVER LAKE WATER COLUMN, 2008 
 

Depth Silver Lake # 1 Silver Lake # 2 Big Colorado # 1 
 DO pH SC Temp DO pH SC Temp DO pH SC Temp 

1         10 8.56 191 9.58 
2 7.73 7.44 61 11.92 7.67 7.65 61 12.3 9.97 8.56 190 9.59 
3         10.05 8.55 189 9.19 
4 7.73 7.44 61 11.89 7.73 7.64 61 11.85 10.73 8.79 186 7.8 
5         10.79 8.71 192 7.57 
6 7.79 7.41 60 11.6 7.82 7.64 61 11.56 10.8 8.59 194 7.3 
7     7.98 7.59 60 11.49     
8 7.82 7.39 60 11.47         
9             

10 7.91 7.38 60 11.02         
11             
12 8.26 7.34 60 10.94         
13             
14 8.61 7.24 61 9.57         
15             
16 8.68 7.23 66 7.72         
17             
18 8.28 7.19 65 8.03         

Depth measured in ft, DO = Dissolved Oxygen (mg/L), pH (standard units), SC=Specific Conductivity (µS/cm),  
Temp = water temperature (

O
C) 

*bold parameters are depths where samples were taken 

 
TABLE 5 

 
METALS ANALYSIS FOR LAKE BOTTOM SAMPLES, 2008 

 
Site Name Aluminum Cadmium Copper Iron Lead Nickel Zinc 

SILVER LAKE #1 19400 32.6 15800 61500 35300 <40 8790 

SILVER LAKE #2 311 <4.0 234 752 534 <40 561 

BIG COLORADO #1  <200 <4.0 <25 <100 5.6 <40 80.3 

*all data in µg/L  
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3.1.2.2 Lake Water Column Data 

The lake water column data was collected by the Animas River Stakeholders Group and 

was accessed in 2008 by permission of Bill Simon of the Animas River Stakeholders Group.  The 

file contains data on samples taken in 2005 at various depths at four locations on the lake 

(Table 6). 

TABLE 6 

METALS ANALYSIS FOR LAKE WATER COLUMN SAMPLES, 2005  

(Unpublished Data from ARSG, 2008)  

 

Site 

D
ep
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c 
(µ
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100 Yds From Royal 
Tiger  

11 6.62   2.79 2110 67.8 72.1 32.5 2.71 46.4 462.6 

100 Yds From Royal 
Tiger  

19 6.62   2.95 2185 60.7 69.4 33.6 2.93 46.6 490.3 

100 Yds From Royal 
Tiger  

26 6.65   2.95 2260 80.5 105.3 36.8 3.11 49.2 525.8 

Btwn Iowa & Royal 
Tiger  

3 6.67   2.07 1815 55.2 57.1 25.5 2.07 37.1 341.5 

Btwn Iowa & Royal 
Tiger  

11 6.42   2.81 2091 54.8 61.3 30.0 2.71 42.3 439.6 

Btwn Iowa & Royal 
Tiger 

23 6.56   2.77 2455 55.2 65.0 31.2 2.63 44.4 435.7 

Center Lower Basin 3 6.5 9.7 3.8 47 43.8 49.8 33.6 2.34 35.6 392.5 

Center Lower Basin  11 6.45 9.5 4.1 48 42.5 48.3 34.2 2.38 33.1 394.4 

Center Lower Basin  19 6.46 9.6 3.8 48 57.7 78.1 38.8 2.58 36.5 441.8 

NE of Iowa  19 6.48 8.5 2.5 61 60.2 63.5 35.0 3.15 46.2 539.1 

NE of Iowa 28 6.42 6 2.75 74 97.5 132.4 57.5 4.29 74.7 755.4 
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3.1.2.2.1 Concentration vs. Depth Plots 

The following graphs are metal concentration vs. depth plots of each of the locations listed in 

Table 6.  The general trend of the data is increasing concentration with depth (Figures 7, 8, 9, & 10).  

  

Figure 7: Metals Concentration vs. Depth in Lake Northeast of Iowa Mine 

 

 

Figure 8: Metals Concentration vs. Depth in Lake 100 yds out from Royal Tiger Mine 

 

Figure 9: Metals Concentration vs. Depth in Lake between Iowa and Royal Tiger Mines 
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Figure 10: Metals Concentration vs. Depth in Lake Center Lower Basin 

 

3.1.3 Tailings Samples 

The tailings samples were analyzed 

for the same metals as the water samples 

with the addition of mercury.  The findings 

for the tailings are in Table 7 and Figure 

11.  These results represent only the solid 

portions of the sample. 

 

TABLE 7  

METALS RESULTS FOR TAILINGS SAMPLES IN mg/Kg 

Site Name Aluminum Cadmium Copper Iron Lead Nickel Zinc Mercury 

TAILINGS 
ABOVE WATER 

4970 19.1 3850 18100 3140 <3.4 3360 0.041 

TAILINGS 
BELOW WATER 

5980 18.3 5320 25700 9570 <5.5 3930 0.46 

Plate 13: Collecting Above Water Tailings Sample 
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Figure 11: Concentration of Metals in the Tailings 

 

3.1.4 Archaeological Evidence 

  There are several pieces of information that can be deduced from the archaeological 

evidence in the Silver Lake Basin.  First, the main weathering agent of the area appears to be 

avalanches.  With the removal of snow fences and other structures designed to prevent these 

catastrophic slides, a majority of buildings in the area have been leveled by avalanches.  The 

scattered building materials and remnants of machinery confirm historical accounts of how the 

operations were run and what types of technologies were used.  The lake has a dark stained 

layer reaching approximately 1 ft above the water level on all the rocks at the edge of the lake.  

This could show that, for one, the lake level was higher at some point, and secondly, that there 

was something in the water that would cause the rocks to be stained.   
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3.2 Records Research  

3.2.1 San Juan County Historical Society Archives  

Several useful items were found at the San Juan County Historical Archives in Silverton, 

Colorado.  The most important item found was the assay record books for the mill.  These 

books hold important records on the amount of metals recovered at each step in the milling 

processes.  They also give rare information about the metal content of the tailings.  These were 

given only in the context of silver, gold and lead remaining in the tailings.   In addition, at the 

archives were several interesting photographs of the area showing the types of people 

employed at the mines and mill. 

3.2.2 Area Literature 

Most of the history in the introduction section of this paper has come from the historical 

materials cited in the references.  These include books by Authors such as Twitty, Ransome, and 

Meyerricks.  These materials laid an excellent foundation for the location and its history.  In 

Ransome’s book the types of ore and detailed descriptions of the milling process and ores used 

were also available. 

3.2.3 Animas River Stakeholders Group Data 

 The data collected by the Animas River Stakeholders Group has been used as historical 

data throughout the study.  This data is included in section 3.1.1.2 Data Collected prior to 2008. 

3.3 Mass Balance Calculations  

The maximum concentrations of the inlet waters are listed in Table 8.  The 

concentration of metals in the lake water should not rise above the concentration of the inlets 

unless there is another source present (Garrels et al., 1975).  The overall trend is that the 
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contribution of metals to the lake by the inlets alone is not enough to account for the amount 

present in the lake today.    Changes of inflow into the lake by the different inlets could change 

the results slightly, though probably not significantly.  This is due to the fact that the gap 

between the average concentration in the lake and the maximum inlet concentration is very 

large (Table 8).  Because the flow rates used were taken during the months of the high flow, (ie. 

summer not winter when all inlets are frozen), the calculations, if in error, would err to a higher 

concentration/flow rate than actually present.  The chance that realistic variations in the flow 

rate of these inlets account for the entire concentration contributed by outside sources is 

unlikely.  Nickel and iron were omitted from the calculations because they were both found 

below detection levels at all sampling locations in 2008. 

TABLE 8 

RESULTS OF MASS BALANCE CALCULATIONS 

Metals Overall 
Maximum 
Concentrations 
of Combined 
Inlets 

Average 
Concentration 
in the Lake 
Water 

Concentration 
contributed 
by source 
other than 
inlets 

Al 14.73 61.44 46.71 

Cd 0.51 2.81 2.29 

Cu 9.98 35.31 25.32 

Pb 6.54 44.73 38.16 

Zn 90.87 474.43 383.56 
*all concentrations displayed in µg/L 
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CHAPTER 4 

DISCUSSION 
 
 
 

4.1 Stream Samples 

The only stream samples that are over the MCL for any parameter tested in August 2008 

are Inlet #4 and the Iowa Inlet.  They are also the only two found inlets that flowed from an 

apparent mine opening.   

 Inlet # 4 flowed from a collapsed adit on the southeast side of the lake and has only 

been sampled in the August 2008 sampling event. During this event, it contained two 

parameters above MCL and one above the suggested secondary standard.  Pb was 

found above the MCL of 15 (µg/L) at the level of 119 (µg/L) and Cd was found above the 

MCL of 5 (µg/L) at 10 (µg/L).  The Al concentration was above the secondary standard of 

200 (µg/L) at 291 (µg/L). 

 The Iowa Inlet flowed from a board drain that appeared to be from the Iowa Mine.  Pb 

was above the MCL of 15 (µg/L) during the August 2008 sampling event at a level of 40.3 

(µg/L). 

 The outlet had metal concentrations below MCL for all measured parameters during the 

sampling event that occurred August 2008. The historical data from the ARSG shows 

that 3 out of the 7 times the location had been sampled, Pb was above the MCL of 15 

(µg/L) (Table 3). 
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 Inlet # 2 has been below the MCL for all parameters for all known sampling events. 

 Inlet # 1 has only been sampled with the August 2008 event and during this event was 

found below MCL for all tested parameters. 

 Inlet # 3 has been below the MCL for all parameters for all known sampling events.  

None of the metals at the outlet are consistently above MCL but iron and lead have been 

found above MCL occasionally (Table 9).  The sample taken on 7/28/02 is much higher for most 

of the parameters tested.  Therefore, it is considered an outlier in this study.  Excluding the 

outlier, the average iron and lead concentrations in the outlet are well below the limit.  

TABLE 9 
 

 HISTORICAL OUTLET CHEMISTRY 
 

Date Aluminum Cadmium Copper Iron Lead Zinc 

9/3/1998 BDL 0.90 16.00 28.00 7.30 194.00 

7/21/1999 BDL 2.50 9.40 36.80 18.60 357.10 

7/28/02 <15 2.89 49.60 326.00 104.80 531.10 

6/15/2003 32.0 1.67 18.80 <10 12.70 283.70 

10/13/03 <15 0.84 10.10 33.00 8.70 166.20 

6/18/04 30 1.33 18.9 19 8.3 216.1 

7/8/2005 59.0 2.38 33.3 63.9 34.5 385.0 

8/4/2008 <200 <4.0 <25 <100 8 276 
MCL or 

(Secondary 
Standard) 

(200) 5 1300 (300) 15 (5000) 

 *bold values are above MCL or Secondary Standard 

4.2 Lake Samples 

The lake samples show an upward trend in the metals concentration with depth (Figures 

7-10).  This data was collected prior to 2008 by the ARSG.  The range of concentrations in the 
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lake water varies with the 4 locations and the metal type.  The deepest sampling site, NE of the 

Iowa Mine at 28 ft, had the highest metal concentrations across the board.  The lowest metal 

concentrations did not occur at the same location but they were always in the upper 11 ft of 

the water column.   

The only parameter in the lake that seems to be a concern is lead (Table 10).  All other 

parameters are below MCLs.  Lead would be a greater concern if there were numerous fish 

species in the lake, or if average lead concentration in the outlet were above MCL.  As of August 

2008, there did not appear to be any fish in the lake.  The Fish and Wildlife Service usually is in 

charge of stocking alpine lakes with trout species.  It does not appear that they are stocking this 

lake probably because Silver Lake is off the beaten path for most fishermen or they know of 

suspected metals contamination in the lake.  The chance that a fish could come upstream is 

very unlikely.  The large waterfall and boulder field are a block to any fish attempting upstream 

travel. 

The definite stratification of metals found in the Silver Lake water column is unusual 

because lakes in an area with a prevailing wind direction and seasonal fluctuation of air 

temperature, as Silver Lake has, normally engage in overturning of the water column.  

Overturning generally would happen on an annual basis when either wind or solar heat creates 

a convection within the water column.  Because Silver Lake appears to have a stratified water 

column, overturning is either not happening in the lake, or it is happening at a slower rate than 

upward diffusion of metals from the tailings.   This could be partially due to the presence of ice 
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on the lake 9 months of the year which would create a cap preventing wind from aiding the 

overturning process. 

TABLE 10 

 LAKE WATER COLUMN DATA WITH MAXIMUM CONTAMINANT LEVELS, 2005  
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100 Yds From Royal 
Tiger  

11 6.62   2.79 2110 67.8 2.71 32.5 72.1 46.4 462.6 

100 Yds From Royal 
Tiger  

19 6.62   2.95 2185 60.7 2.93 33.6 69.4 46.6 490.3 

100 Yds From Royal 
Tiger  

26 6.65   2.95 2260 80.5 3.11 36.8 105.3 49.2 525.8 

Btwn Iowa & Royal 
Tiger  

3 6.67   2.07 1815 55.2 2.07 25.5 57.1 37.1 341.5 

Btwn Iowa & Royal 
Tiger  

11 6.42   2.81 2091 54.8 2.71 30.0 61.3 42.3 439.6 

Btwn Iowa & Royal 
Tiger 

23 6.56   2.77 2455 55.2 2.63 31.2 65.0 44.4 435.7 

Center Lower Basin 3 6.5 9.7 3.8 47 43.8 2.34 33.6 49.8 35.6 392.5 

Center Lower Basin  11 6.45 9.5 4.1 48 42.5 2.38 34.2 48.3 33.1 394.4 

Center Lower Basin  19 6.46 9.6 3.8 48 57.7 2.58 38.8 78.1 36.5 441.8 

NE of Iowa  19 6.48 8.5 2.5 61 60.2 3.15 35.0 63.5 46.2 539.1 

NE of Iowa 28 6.42 6 2.75 74 97.5 4.29 57.5 132.4 74.7 755.4 

MCLs or (Secondary 
Standards) 

     (200) 5 1300 (300) 15 (5000) 

*All parameters above MCL or Secondary Standard are bold 
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Table 5 shows the difference between Silver Lake and the Big Colorado Lake, the control 

lake in this study.  For all parameters above the reporting limits, Silver Lake has higher values. 

This tends to support the assumption that the tailings and mining activity surrounding Silver 

Lake have contributed to its metal content. 

4.3  Tailings Samples 

The tailings samples were analyzed to find that all of the parameters, except cadmium 

had a higher concentration in the below water sample, than the above water sample (Table 7).  

This is quite different from what was expected for two reasons.  First, the concentration 

differences could be because the above water sample was exposed to rainwater and snowmelt.  

These water types generally are under-saturated with respect to metals, which causes them to 

readily absorb metals from the tailings above the water level.  The lake water will not absorb 

metals as readily as the rainwater because it is closer to the saturation point with respect to 

metals.  In addition, rainwater that may have dissolved metals flows into the lake, making the 

lake water more saturated with respect to metals.  The second explanation could be natural 

winnowing of the tailings.  Because the tailings are sand sized particles exposed to wind, sorting 

of the grains by mass, or winnowing, may have occurred, causing the heavier particles carrying 

metals to be swept into the lake.  This would therefore cause the below water sample to have 

more metals. 

The mercury amount in the tailings samples were determined to confirm that mercury 

amalgamation was not involved in the milling process at Silver Lake.  The values found are low 
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enough that they can be attributed to natural weathering or airborne contaminants from coal 

burning power plants (Table 7). 

4.4 Mass Balance Calculations  

The results from the mass balance analysis (Table 8) show that the concentrations of 

metals in the lake cannot be completely accounted for by accumulation of inlet waters.  Based 

on the information proposed by Garrrels et al., if the lake were completely replaced by inlet 

water, it would have an average concentration much lower than currently found in the lake for 

all metals analyzed.   It is probable, as the only major known source of metals in contact with 

the lake, that the mining and milling wastes in the form of tailings and dump-rock, have 

contributed to the metal content in Silver Lake. 
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CHAPTER 5 

CONCLUSION 

 
 

5.1 Purpose 

The purpose of this study has been to determine the effect of long-term water cover on 

the metal-rich tailings of the Silver Lake ore processing mill # 1.    

5.2 Summary of Findings 

Of the stream samples tested in 2008 for this study there were two of the five total 

inlets that contributed to the metals in the lake.  These inlets contributed concentrations of 

lead and cadmium above MCL.  The outlet had small amounts of lead and zinc but neither was 

above the MCL (Table 2). 

 The lake water was tested in lake bottom and water column samples.  The lake bottom 

samples contained small amounts of sediments and therefore had a much higher total 

concentration than the water column data.  The water column data showed lead as the only 

tested metal above MCL.  Samples from the Big Colorado Lake (Control), displayed none of the 

tested parameters were above MCL (Tables 5 and 6). 

Out of the two tailings samples taken, the below water sample has a higher metals 

content (Table 7). 
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5.3 Impact of Mining and Milling 

The overall trend of the findings in this study is that the lake water has higher than natural 

concentrations of all metals analyzed.  This statement is based on the findings of the mass 

balance calculations which show that the inlets do not contribute enough metals to account for 

the amount present in the lake today.  Because the mining and milling wastes in the area in the 

form of dump-rock and tailings are the only known large carrier of metals in the area, they are a 

probable source of the extra metals found in the lake.  Therefore, it appears that the 

submerged tailings and dump-rock present in Silver Lake have contributed to the metals 

concentrations in the lake.   

5.4 Contribution to the Scientific Community 

The findings of this project should present significant information on the long-term 

behavior of metal-rich mill tailings.  Currently, there are many reclamation projects, funded by 

various parties, at work in the general Silverton area.  Interest in cleaning up the mined areas as 

well as preserving and recording the historical aspects of the area is growing.  As reclamation of 

previously mined lands in the Animas Mining District is continued, any information concerning 

the effect of nearby or submerged metal-rich mill tailings in lakes and/or rivers should be 

valuable.   

In other areas of the world this information could be especially important to the 

responsible parties of closed mines and mills.  A common practice is to fill the inactive areas of 

the mine with mill tailings as the mine is being worked.  This practice is very economical 
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because it disposes of unwanted mill wastes as well as providing structural support for the 

vacant mine to prevent collapse.    Many of these mines employed pumping systems to keep 

the mine free of water during operation.  Once the mine is closed, these systems are turned off 

and the mine is allowed to fill with water.  Closed mines such as these present a similar 

situation to the focus of this study.      

This research has found that the long-term water cover of metal-rich mill tailings can 

potentially contribute to the metals content of the surrounding water.  In the case of Silver 

Lake, it has created a large body of water with lead concentrations above MCL.   It is likely that 

mill wastes similar to the ones at Silver Lake will behave likewise.   Studies such as this one, if 

heeded, could provide information to mine and mill owners to possibly stop an action that 

could produce an even larger problem in the future than it has at Silver Lake and the Animas 

Mining District. 

5.5 Further Study 

There are several areas of possible further studies that have been identified during this 

project.  For one, there is a need for more consistent historical data.  The data provided by the 

Animas River Stakeholders Group was a great help in this study, but there is still a need for 

more data.   One of the most important types of data needed would be detailed water column 

profiles so that stratification patterns could be verified.  This would potentially open the issue 

of overturning in the lake and why it either is not happening, or is happening at a lower rate 

than the upward diffusion of metals from the tailings.  Further inquiry on like areas would also 

be valuable information to use in comparison.  This could potentially specify how much metal 
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has been contributed by the addition of mining and milling in the area.   Another area of study 

would be the sediments and clays in the natural inlet of the lake away from the tailings.  These 

sediments are in a reducing environment because of the presence of organics, and could 

potentially provide valuable information to the overall study of the lake.   A final additional area 

of study would be the biological aspect.  Other than a few waterbugs, there was no evidence of 

life in the lake.  Further investigation of life in the lake, its inlets or outlets would provide 

valuable information on the health of the alpine ecosystem surrounding the lake and its 

possible interaction with the metals present in the lake.  Any of these further studies could 

provide insight into the overall impact of the long-term water cover of the metal-rich tailings in 

Silver Lake.  
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Appendix A 

Topographic Location Map 

 

(USGS, 1955) 
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Appendix B 
 

Common Ores and Chemical Formulas 
 
 

 
 
Rock Name Chemical Formula Ore of this Metal 

Galena 
 

PbS Lead(Pb) 

Sphalerite 
 

ZnS Zinc(Zn) 

Pyrite 
 

FeS2 Iron(Fe) 

Chalcopyrite 
 

CuFeS2 Copper(Cu) 

Azurite 
 

Cu3(CO3)2(OH) Copper(Cu) 

Malachite 
 

Cu2CO3(OH)2 Copper(Cu) 

Tetrahedrite (Cu,Fe)12Sb4S13 - (Cu,Fe)12As4S13  sometimes contains Silver(Ag) 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://en.wikipedia.org/wiki/Copper
http://en.wikipedia.org/wiki/Carbonate
http://en.wikipedia.org/wiki/Carbonate
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Appendix C 
 

List of Selected Sampling and Milling Equipment 
 

1. Battery of Stamps: The second part of ore processing was to pass through the stamp 

battery.  At the Silver Lake mill # 1 there were five batteries of 10 stamps each. (Eissler, 

1889) 

 

(Eissler, 1889) 

2. Blake Crusher: Two of these crushers were the first crushing devices the ore passed 

through in the mill.  They used large jaws to crush the ore material into finer particles.   

“The Blake crusher in common with all machines of the jaw family is built into a rectangular 

frame, at one end of which is located the crushing chamber; in fact, the end of the box-

frame constitutes the stationary jaw. The movable or swing jaw is suspended from a cross-

shaft (swing jaw shaft) at its upper end, this shaft in turn being supported at each end in 

bearings at the top of the two sides of the crusher frame.” (Miningbasics.com, 2008) 

                                 

(Miningbasics.com, 2008)     (Meyerriecks, 2001) 
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Appendix C (continued) 

3. Cornish Rolls:  This device was also known as crushing rolls and was composed of two 
smooth faced rotating cylinders positioned close together as the figure below shows.  
There were four of these used in the mill following the Trommel screens. 

                

(Allis-Chalmers, 1903)                                                     (Fakoor Industrial Group, 2007) 

 
4. End Shake Slimes Tables: After visiting the site some of the equipment was identified as 

parts of Vanners which are a type of end shake table.  There were eighteen of these in 

the mill and at least part of them were most likely Vanners.  The Vanner is a “continuous 

belt side shaking concentrator.” It was used to further purify the final concentrate as 

one of the last steps in the milling process (Meyerriecks, 2001).  

 

(Eissler, 1889) 
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Appendix C (continued) 

5. Hartz Jig: “A mechanically operated jig in which water is pulsated through a fixed screen 
by a plunger. Used in the separation of heavy minerals from gangue, including the 
beneficiation of witherite and the extraction of galena from fluorspar ore (Institute of 
Quarrying,The, 2008).” Eight of these jigs were used in the mill directly following the 
Cornish Rolls. 

 

(Institute of Quarrying,The, 2008) 

 
6. Kemmerer: A device designed to collect water exclusively from a designated interval in a 

body of water.  In this project the Kemmerer was used to collect water from the bottom 

two feet of Silver Lake.   

                                                    

(Envco, 2008) 
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Appendix C (continued) 

7. Trommel Screens(Revolving Screen – Trommel): Four Trommel Screens were employed 

in the mill to sort the ore by size after it went through the Blake Crushers. 

 

“A trommel is a slightly inclined rotating cylindrical screen. The material is fed at one 

end of the cylinder and the undersize material falls through the screening surface while 

the oversize is conveyed by the rotating motion down the incline to the discharge 

end. Although trommels are relatively cheap, they have lower capacities and are 

susceptible to rapid wear; hence they have been largely replaced by vibrating or shaking 

screens. A trommel can handle both dry and wet feed material (Fakoor Industrial Group, 

2007).” 

 

(Fakoor Industrial Group, 2007) 

 
8. Wilfley Table: Used in mills to concentrate heavy minerals, the original Wilfley table was 

developed in 1896 and became and immediate success, revolutionizing ore dressing.  

According to Ransome, 10 of these tables were used in the final concentrating process 

of the mill. 

 

 

(Western Scale Models, 2008) 
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Appendix C (continued) 

9. Woodbury Table: The whole woodbury system can be used including a classifier jig, a 

clean up jig, and a middlings jig.  I believe that the Slime classifier can also be used alone 

with other milling equipment.  This picture is of the Slime concentrator which I believe 

was employed in the SL mill. There were eight of these tables in the mill as part of the 

final concentration process (Ransome, 1901).  

 

(Power and Mining Machinery Company,1912) 
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Appendix D 

Explanation of Lab Methods and Water Standards 

 

1.  SW 846 6010 – Inductively Coupled Plasma Atomic Emission Spectroscopy 

Inductively coupled plasma atomic emission spectroscopy (ICP-AES), also referred to as 
inductively coupled plasma optical emission spectrometry (ICP-OES), is an analytical technique 
used for the detection of trace metals. It is a type of emission spectroscopy that uses the 
inductively coupled plasma to produce excited atoms and ions that emit electromagnetic 
radiation at wavelengths characteristic of a particular element. The intensity of this emission is 
indicative of the concentration of the element within the sample.(EPA, 2008) 

2.  SW 846 7471 B - Mercury in Solid or Semisolid Waste (Manual Cold-Vapor Technique) 

The flameless AA procedure is a physical method based on the absorption of radiation at 253.7 
nm by mercury vapor. The mercury is reduced to the elemental state and aerated from 
solution. The mercury vapor passes through a cell positioned in the light path of an atomic 
absorption spectrophotometer.  Absorbance (peak height) is measured as a function of mercury 
concentration and recorded in the usual manner. (EPA, 2007) 
 
3.  Maximum Contaminant Levels (MCL’s)  
 

National Primary Drinking Water Regulations (NPDWRs or primary standards) are legally 
enforceable standards that apply to public water systems. Primary standards protect public 
health by limiting the levels of contaminants in drinking water. Visit the list of regulated 
contaminants with links for more details (EPA, 2009). 

4.  Secondary Standards 

National Secondary Drinking Water Regulations (NSDWRs or secondary standards) are non-
enforceable guidelines regulating contaminants that may cause cosmetic effects (such as skin or 
tooth discoloration) or aesthetic effects (such as taste, odor, or color) in drinking water. EPA 
recommends secondary standards to water systems but does not require systems to comply. 
However, states may choose to adopt them as enforceable standards (EPA, 2009). 

 

 

http://en.wikipedia.org/wiki/Emission_spectroscopy
http://en.wikipedia.org/wiki/Inductively_coupled_plasma
http://en.wikipedia.org/wiki/Electromagnetic_radiation
http://en.wikipedia.org/wiki/Electromagnetic_radiation
http://en.wikipedia.org/wiki/Electromagnetic_radiation
http://en.wikipedia.org/wiki/Chemical_element
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