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EXECUTIVE SUMMARY
This Conceptual Site Model (CSM) focuses on comprehensive site data collected by SGC from
2015 to 2019 relating specifically to the Mayflower Area’s Impoundment No. 4. It is based on
annual Investigation Summary and Data Interpretation Reports submitted to EPA, as well as data
collected by EPA, the U.S. Geological Survey, and other entities.
The comprehensive site data shows that Impoundment No. 4 has little, if any, impact on
underlying groundwater and there is no evidence that indicates Impoundment No. 4 is the
source of elevated concentrations of metals in the Animas River.
Concentrations of metals to the south of the Impoundment No. 4, most notably through Seep 6150
and monitoring well MTMW-20A, are geochemically distinct from concentrations found in
groundwater underlying Impoundment No. 4. Groundwater monitoring of the area also indicates
that zinc concentrations in groundwater underlying Impoundment No. 4 are less than or similar to
those in the Animas River, including upgradient of the Mayflower Study Area, clearly
demonstrating that Impoundment No. 4 has little, if any, impact on the Animas River.
Additionally, it is unlikely that the weathering of sulfides contained in Impoundment No. 4 is a
source of acid drainage. Due to the material’s relatively higher neutralization potential, acid-base
accounting (ABA) tests indicate that most of the Impoundment No. 4 would not be expected to
generate acid drainage.
The Silverton area is both historically and geologically complex. Over 20 mills have operated in
areas upstream of the Study Area and Impoundment No. 4, and the Silverton Caldera has a long
150-year history of mining activities. It is well known that the Silverton Caldera contains abundant
mineral deposits that are naturally high in metals content, which affect the Study Area and impact
water quality in the Animas River.
Sunnyside Gold Corporation (“SGC”), which was formed and acquired the Sunnyside Mine and
Mayflower Mill in 1985 operated the Mine and Mill from 1986 until 1991 using modern techniques
and under strict environmental regulation. SGC has engaged in more than 30 years of reclamation
and remediation, which has been shown to have improved the water quality in the Animas River.
This includes completing reclamation and remediation work at Impoundment No. 4.
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INTRODUCTION

This Conceptual Site Model (CSM) describes Impoundment No. 4 at the Mayflower Study Area
(Study Area), located in the Bonita Peak Mining District (BPMD) Superfund Site near Silverton,
Colorado (Figure 1).
The purpose of this CSM is to present the current understanding of environmental conditions
associated with Impoundment No. 4.
The CSM summarizes information about the
Impoundment’s history; its physical, geologic, and hydrologic setting; and the chemical
characteristics of materials present within the Impoundment area. The summarized information is
based primarily on site-specific data collected by Sunnyside Gold Corporation (SGC) during
investigations conducted from 2015 through 2019, as provided in a series of annual data reports
submitted to the EPA (Formation, 2016; 2017; 2018a; 2019; and 2020a). Additional relevant data
collected by EPA, the U.S. Geological Survey, and other entities that have investigated the Study
Area have also been considered.
The CSM will be refined as necessary upon completion of SGC’s additional planned investigations
in the Study Area. SGC prepared a work plan for those additional investigations, a revised version
of which was submitted to the EPA for its review and approval on May 15, 2020 (Formation,
2020b).
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SITE CHARACTERISTICS

The following subsections describe the general characteristics of the Study Area and, more
specifically, Impoundment No. 4.
Mayflower Study Area
The Study Area is situated in the San Juan Mountains of southwestern Colorado within an
extensive, mid-Tertiary volcanic complex (Figure 2). Mineral alteration occurred following the
caldera-related volcanism associated with the formation of the San Juan Mountains and
metalliferous deposits were formed within and along numerous fissure and fault systems. The
resultant mineralized zones have been the target of widespread mining operations over the last
approximately 150 years. The Study Area lies along the southeastern expression of the collapsed
Silverton caldera. The collapse of the Silverton caldera created an extensive system of faults and
veins that are exposed along the Animas River near Silverton (Yager and Bove, 2007).
The geology of the Study Area is dominated by bedrock outcrops and talus on the steep hillsides
of the Animas River valley walls and unconsolidated alluvium and glacial drift deposits on the
valley floor. Elevations within the mountainous watershed range from 9,300 feet above mean sea
level (amsl) at Silverton to more than 13,800 feet amsl at the top of some of the mountain peaks.
The rugged terrain is characterized by U-shaped, hanging valleys carved during the last
glaciation. Groundwater within the Study Area is present in multiple complex groundwater
systems within the unconsolidated materials present on the valley floor and the underlying
fractured bedrock.
The Mayflower Impoundments are located approximately one mile to the northeast and upstream
of Silverton on the right bank of the Animas River (Figure 1). Impoundment No. 1 is the most
upstream, and subsequent Impoundments 2 through 4 are numbered consecutively in the
downstream direction. The Polar Star tailings, which were produced by the William Crooke Mill
before the Mayflower Mill was constructed, underlie part of Impoundment No. 3. The Mayflower
Mill is located to the east (upstream) of Impoundment No. 1.
Major tributaries to the Animas River within the Study Area include Arrastra Creek (left bank
inflow) and Boulder Creek (right bank inflow) (Figure 1). The confluences of Cement Creek and
Mineral Creek with the Animas River are approximately 500 feet and 3,400 feet downstream from
the Study Area, respectively. Upstream from the Study Area are the headwaters of the Animas
River, along with several additional right- and left-bank tributaries. The Animas River streamflow
is dominated by snowmelt runoff, which typically occurs between April and July. Snowmelt runoff
is augmented by rain received primarily from July through September. Low-flow conditions are
typical from late August to March. High-flow conditions coincide with spring and early summer
snowmelt, and annual peak-flow conditions occur between late May and early July. Rainfall runoff
during the summer monsoon season results in short-term increases in streamflow.
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In the region surrounding the Study Area, an average of 26.5 inches (67.3 centimeters (cm)) of
precipitation falls annually, 1 which includes approximately 173 inches (439 cm) of snowfall,
calculated using the general assumption that 10 inches of snow is equivalent to 1 inch of water. 2
In March 2017, SGC installed a meteorological station in the Study Area. The meteorological
station is located on Impoundment No. 1 adjacent to the Mayflower Mill at an elevation of 9,660
feet and is surrounded by low growing vegetation.
SGC conducted a baseline ecological risk assessment (BERA) in the Study Area in 2016
(Formation, 2018b) to supplement a more regional scale risk assessment conducted by the EPA
(EPA, 2015). The overall conclusion of the BERA was that the potential risk to ecological
receptors in the Animas River at the upstream end of the Study Area is similar to that within the
Study Area. Natural and anthropogenic sources upstream of the Study Area result in potentially
unacceptable risk to aquatic organisms in upstream surface water and sediment and contribute
to exposure and risk in the Study Area. Metal concentrations in surface water, and to a more
limited extent in sediments, exceed toxicity reference values (TRVs) for aquatic organisms (e.g.,
fish, aquatic invertebrates) at the upstream end of the Study Area and within the Study Area.
Physical habitat limitations, moreover, may also affect populations and communities of aquatic
invertebrates and fish. Risks to aquatic-dependent, terrestrial wildlife (e.g., waterfowl) were found
to be low and may be de minimis (Formation, 2018b). The conclusions of the BERA are similar
to those of EPA’s risk assessment where sampling locations and sample types overlapped.
However, the more extensive sediment and pore water sampling, and the greater number of
sampling locations within the Study Area considered in the BERA, provide important added
information on sources and distribution of risk.
EPA also conducted a human health risk assessment (HHRA) for the BPMD Superfund Site (EPA,
2019). The HHRA found no unacceptable risks to humans in the BPMD with the possible
exception of two campground areas that have no relationship to the Mayflower Study Area.
Impoundment No. 4
The following describes the history of Impoundment No. 4 and its hydrologic/hydrogeologic
setting.

1

http://www.usclimatedata.com./climate/silverton/colorado/united-states/usco0717

2

http://water.usgs.gov/edu/earthrain.html
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Construction, Operation, and Reclamation History

Figure 3 shows the topography and locations of streams in the Impoundment No. 4 area prior to
its construction, which began in 1976. As part of this construction, County Road No. 2 was
rerouted to the south, around the planned Impoundment toe area and, as shown on Figure 3, a
short segment (approximately 660 feet) of the Animas River was diverted southward to its current
location. The former channel now underlies the south-central part of the Impoundment. A former
stream, now covered, was also present in the Impoundment No. 4 footprint (Figure 3).
A seep (“Seep 6150”) that emits water with high metals concentrations is present on the current
right bank of the Animas River to the south of Impoundment No. 4 (Figure 3). The location of the
seep was closer to the left (south) bank of the River prior to its realignment as part of
Impoundment No. 4’s construction.
Some existing peat deposits were removed from the western footprint area of Impoundment No.
4 as part of its initial construction.
SGC acquired the Sunnyside Mine and associated facilities, including the Mayflower Mill and
Impoundments, on November 19, 1985. SGC leased the mine property from Washington Mining
Company (WMC). SGC operated the Sunnyside Mine until 1988, when it and an SGC affiliate,
White Pine Gold Corporation (WPG) entered into the Alta Bay Venture (ABV) effective June 1,
1988 with Alta Gold Co. and two of its affiliates, Pacific Silver Corporation and Silver King Mines,
Inc. (referred to together as Alta Gold). Alta Gold owned 60% of the ABV and SGC/WPG the
other 40%. SGC contributed its interest in the Sunnyside Mine to the ABV. Alta Gold Co. was
the manager of the ABV. Effective October 22, 1988, the ABV and WMC entered into the San
Juan County Mining Venture (SJCMV), and each of the Alta Bay Venture and WMC contributed
its interests in the Sunnyside Mine to the SJCMV. The original participating interests were 65%
to the Alta Bay venture, and 35% to WMC. Effective January 1, 1989, WMC became the manager
of the SJCMV, and the interests changed to 67% Alta Bay Venture, and 33% WMC. WMC
remained the manager of the SJCMV until it terminated effective December 31, 1991. The ABV
also terminated effective December 31, 1991. Until 2012, the U.S. Bureau of Land Management
owned the land covered by a significant portion of Impoundment No. 4.
Tailings from the Mayflower Mill were deposited in Impoundment No. 4 between 1977 and 1991.
Based on production records, approximately 60 percent of the tailings in Impoundment No. 4 were
in place prior to SGC’s 1985 acquisition of the Sunnyside Mine and Mayflower Mill and
Impoundments (Jones, 2007). The remainder of the tailings were placed on top of the existing
tailings in Impoundment No. 4 by SGC from 1986 to 1991 during the operation period of the Mine
and Mill from 1986 to 1991. Additionally, prior to reclamation, Impoundment No. 4 served as a
repository for precipitate from water treatment plants located at the Gladstone town site and at
the Terry Tunnel. A municipal landfill also operated within the Impoundment No. 4 footprint in the
early 1980s. Finally, SGC excavated and relocated approximately 80,000 tons of mostly historic
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mine waste and historic tailings from various sites within the Silverton Caldera to Impoundment
No. 4 in the 1990s and early 2000s.
The concept of a blanket toe drain underneath Impoundment No. 4 is indicated on design (preconstruction) drawings, but as-built drawings are not available to confirm its existence. Reported
information from an SGC employee (Larry Perino), who was present when Impoundment No. 4
was built, indicates that an engineered blanket toe drain was not constructed under Impoundment
No. 4. Filter fabric was placed on the north side of the relocated portion of County Road No. 2,
between the road and the Impoundment toe.
SGC conducted reclamation and remediation work at Impoundment No. 4 concurrent with its
operations. The side slopes of Impoundment No. 4 were regraded in 1989 to achieve a stable
configuration. The Impoundment was reclaimed between 2004 and 2006, with the majority of the
top cover completed in 2004. Reclamation included covering the slopes and top surfaces with
locally derived growth medium. The slopes and top surfaces were then revegetated by seeding.
A self-sustaining vegetative cover currently exists over the Impoundment surfaces.
SGC improved the runon interception and diversion drains at Impoundment No. 4, including the
installation of a subsurface concrete diversion wall along a portion of the Impoundment’s northern
periphery. The purpose of the diversion wall is to divert groundwater to the surface where it is
discharged into a lined ditch and routed around the Impoundment materials. SGC also installed
a lined toe ditch and constructed a zero-valence iron reactive barrier to address any groundwater
leaving the area to the west.
Based on observations, little if any runoff occurs from the Impoundment No. 4 side slopes.
Localized areas of ponded water are temporarily present in depressions on the Impoundment No.
4 top surface in the vicinity of monitoring wells MTMW-1 and MTMW-2 immediately following
spring snow melt.
SGC’s entire operations, and all reclamation and remediation work, were conducted in
accordance with and pursuant to Colorado permits and state and federal regulatory authority and
oversight.
2.2.2

Hydrology/Hydrogeology

A small former stream has been mapped by the USGS in previous topographic maps now
underlies Impoundment No. 4. The alignment of the former stream was interpreted using the 1975
topographic map, as shown on Figure 3. The headwaters of this drainage were covered by the
Impoundment and, to the west of the Impoundment, the drainage is now evident as a series of
wetlands and small ponds. Extensive natural iron bogs and fens are present just west of
Impoundment No. 4. These features are evident on aerial photographs of the area taken before
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construction of the Impoundment. The iron bogs pre-date the Impoundment and typically require
hundreds of years to form. The source of iron in the bogs is uncertain.
Subject to the discussion below, tailings deposited in Impoundment No. 4 are situated above a
groundwater system that occurs within glacial drift and alluvial deposits. The portion of the
groundwater system that underlies Impoundment No. 4 has been rigorously characterized using
information from 12 groundwater monitoring wells completed in the underlying native
unconsolidated materials. Groundwater elevations and their variations over time, as well as
groundwater chemistry in this portion of the groundwater system, have therefore been well
characterized. As described below, the tailings that overlie the groundwater system are
comprised of interfingered layers of sands and silts/clays that are of generally low permeability.
Glacial till deposits underlying the northern part of the Impoundment grade into alluvial deposits
under the south side of the Impoundment, as shown on the conceptual hydrogeologic crosssection drawn from north to south across Impoundment No. 4 (Figure 4). Clayey gravel materials
of low permeability (“aquitards”) are locally present in the glacial till that likely influence
groundwater flow rates and directions (see Photo 1 on Figure 5).
In the southeastern part of Impoundment No. 4, groundwater levels in several monitoring wells
indicate that the basal tailings are potentially in contact with the underlying groundwater system.
However, the degree of saturation in the tailings from the underlying groundwater was evaluated
during the 2015 and 2017 subsurface investigations. During these investigations, the continuous
core samples collected from the borings indicated that the tailings encountered were not observed
to be “wet” until a few feet below the base of the tailings, indicating potentially confined
groundwater conditions beneath the base of the tailings (Formation, 2016, Appendix E; Formation
2018a, Appendix H).
Recharge to the groundwater system underlying Impoundment No. 4 appears to be dominated
by mountain-front recharge mechanisms, with the primary recharge events occurring during the
spring high-flow conditions (Figure 4). Surface water infiltration during precipitation events and
snow melt may serve as a lesser recharge component for the groundwater systems. The
groundwater systems also appear to be recharged by groundwater issuing from the fractured
bedrock system. The water balance is very uncertain and is likely to remain uncertain given the
complexity of the system.
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IMPOUNDMENT NO. 4 CHEMICAL CHARACTERISTICS

Tailings from the Mayflower Mill make up most of the solids disposed at Impoundment No. 4.
Other solids have also been disposed within the Impoundment area, including:
1. Mine waste (tailings and waste rock) from remediation projects conducted elsewhere in
the Animas River and Mineral Creek watersheds that was placed on the top surface of
Impoundment No. 4 prior to its final reclamation.
2. Water treatment precipitate from the Gladstone and Terry Tunnel water treatment plants
that was placed on the top surface of Impoundment No. 4 prior to its final reclamation.
3. Municipal landfill refuse that is now covered by Impoundment No. 4.
The mine waste placed on top of Impoundment No. 4 and the water treatment plant precipitate
are situated well above the water table. In addition, the water treatment plant precipitate is
alkaline and has been determined by EPA to be non-hazardous. 3 The municipal landfill waste is
also above the water table and is typically not associated with dissolved metals at the
concentrations in groundwater and surface water that have been observed in the Impoundment
No. 4 area. For these reasons, the items listed above are not considered further in this CSM.
The tailings disposed at Impoundment No. 4 have been sampled and tested to assess their
physical and chemical characteristics, and the results from those tests can be used to evaluate
the potential for these materials to act as sources of contamination to underlying groundwater and
nearby surface water. Descriptions of tailings are provided below. Natural mineralization and the
presence of non-Mayflower tailings in the floodplain near Impoundment No. 4 are also described.
Mayflower Tailings
The following subsections describe the placement of Mayflower tailings in Impoundment No. 4 as
well as their chemical characteristics.
3.1.1

Placement of Tailings

The tailings comprising Impoundment No. 4 were produced at the Mayflower Mill by flotation
milling of ore from the Sunnyside Mine. The tailings were conveyed to the Impoundment as an
aqueous slurry that was distributed around the east, south, and west sides of the Impoundment
so as to create a sandy beach with a ponded area against the native hillside. Based on production

3

See https://response.epa.gov/site/site profile.aspx?site id=12109; Bonita Peak Mining District Interim Sludge
Management Q&As (June 2018); Bonita Peak Mining District Interim Sludge Management (May 2018).
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records, SGC placed approximately 40 percent of the tailings present in Impoundment No. 4
(Jones, 2007). The elevation of the SGC tailings is stratigraphically above the tailings placed in
Impoundment No. 4 by the previous operators of the Mayflower Mill. Thus, SGC’s tailings are not
in contact with the underlying groundwater system and are separated from that groundwater
system by several tens of feet of tailings placed by others.
The ore feed and process used at the Mayflower Mill were consistent throughout the 1977 – 1991
operations period in which tailings were directed to Impoundment No. 4. Therefore, the chemical
nature of the tailings is expected to be consistent throughout the Impoundment.
The tailings comprise a heterogeneous mass of sand to clay-sized particles that is generally of
low permeability. In general, grain size is expected to be finest at the north central part of the
Impoundment coincident with the former location of ponded water. Locally, the sand and finer
particles interfinger due to deposition as an aqueous slurry from multiple spigots around the
Impoundment perimeter, resulting in a complex network of laterally discontinuous stratigraphic
horizons. The tailings materials include varying degrees of moisture, with generally greater
moisture levels in the finer grained (e.g., clay) material. The fine-grained materials tend to hold
water in the void spaces and are not free draining.
The extent to which rainfall and melting snow enter the interior of Impoundment No. 4 and pass
through the tailings to the underlying alluvium cannot be directly measured and is therefore
uncertain. Based on the physical characteristics of the tailings in Impoundment No. 4, downward
movement of water would tend to be impeded by the aforementioned fine-grained areas within
the Impoundment.
3.1.2

Tailings Chemical Characteristics

The metals of concern within the Study Area are aluminum, cadmium, copper, iron, lead,
manganese, and zinc. Zinc is used as an indicator metal in the following discussions because it
tends to remain in solution and is therefore mobile in the environment.
The following table summarizes zinc concentration statistics for the Impoundment No. 4 tailings.
Minor amounts of residual metals present in the tailings can enter into solution if the tailings are
in contact with water as demonstrated by the results from Synthetic Precipitation Leaching
Procedure (SPLP) summarized below. Box and whisker plots for the total and SPLP zinc data
for the Impoundment No. 4 tailings are provided on Figure 6. 4 Although the total zinc

4

The box portion of the plot surrounds the second and third quartiles of the data with the median value shown as a
horizontal line within the box and the mean value as an “X.” The whiskers denote the minimum and maximums of the
data excluding the values above or below 1.5 times the interquartile range, which are considered outliers. The outlier
values are shown as individual points.
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SILVERTON, CO
FIGURE 5

BOX AND WHISKER PLOTS FOR ZINC
IN IMPOUNDMENT NO. 4 TAILINGS
DATE: JULY 2020
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S:\Jobs\065-001_Sunnyside_Gold\Reporting\2020 Working\TP4 CSM\TP4_FETailsOnly_LeachSolid.xlsx

Notes:
1. mg/kg = milligrams per kilogram
2. mg/L = milligrams per liter
3. The box portion of the plot surrounds the second and third quartiles of the dataset, with the
median value shown as a horizontal line within the box and the mean value as an “X.” The
whiskers denote the minimum and maximum excluding the values above or below 1.5 times the
interquartile-range, which are considered outliers. The outlier values are shown as individual
points.
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concentrations in the Impoundment No. 4 tailings are wide ranging, the SPLP zinc concentrations
are less so. The SPLP leach tests indicate that little of the zinc present in the tailings in readily
released to water and so available for transport. One-half of the samples tested produced an
SPLP leachate with less than 0.03 mg/L of zinc and 82 percent of the samples tested produced
a leachate with less than 0.5 mg/L. These test results are supported by generally low zinc
concentrations in the groundwater samples collected from wells screened in the groundwater
system underlying Impoundment No. 4. At most of the monitoring wells completed beneath
Impoundment No. 4, the first-encountered groundwater has zinc concentrations that are lower
than those measured in the Animas River within the Study Area and much lower than the water
that discharges to the Animas River at Seep 6150. This is illustrated by Figure 7 which shows
maximum zinc and iron concentrations in groundwater underlying Impoundment No. 4, in the
Animas River, and in porewater adjacent to the Animas River.
The tailings contain residual sulfides that were not recovered by milling processes, and
weathering of sulfides have the potential to produce acid drainage. Acid-base accounting (ABA)
tests indicate that most of the Impoundment No. 4 tailings would not be expected to generate acid
drainage, however, due to their relatively higher neutralization potential. Net acid generation
(NAG) test results, for the same tailings samples, support these ABA results as do groundwater
pH values. Groundwater pH in the underlying groundwater systems is circumneutral. Therefore,
any acid generated due to oxidation of the sulfides that remain in tailings solids is offset by
neutralizing reactions.
Effects of Natural Mineralization
The geologic units associated with the Silverton Caldera contain abundant mineral deposits that
are naturally high in metals content. Radial and concentric fractures associated with the collapse
of the Silverton Caldera are mineralized and, where open, serve as groundwater flow pathways
(Figure 2). Groundwater flowing through the radial and concentric fractures can dissolve and
transport metals. Weathering of highly altered pyritic rock releases metals to surface water and
groundwater. Abundant pyrite (i.e., equivalent or exceeding the pyrite content in the tailings) is
present in bedrock in the Study Area (see Photos 2 and 3 on Figure 5), and pyrite was also
identified in the natural alluvial deposits underlying Impoundment No. 4.
The Animas River in the vicinity of Impoundment No. 4 is coincident with the edge (structural
margin) of the collapsed Silverton Caldera (Figure 2). Groundwater entering radial and concentric
mineralized fracture systems in the high-altitude areas of the BPMD may ultimately report to lower
elevation groundwater sinks, such as the Animas River valley (Figure 8). Massive deposits of
river sediment cemented with manganese and iron oxide compounds, termed manganocrete and
ferricrete, respectively, are present within the Mayflower Study Area. Figure 9 is a photograph
showing ferricrete on the south bank of the Animas River in the vicinity of Seep 6150. The ages
determined for similar ferricrete and manganocrete deposits located elsewhere in the upper
Animas River basin range from modern to over 9,000 years old (Verplank et al., 2007). These
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deposits provide evidence of long-term transport of metals to the Animas River via groundwater
flow from natural sources.
Figure 10 shows dissolved zinc concentrations in groundwater underlying and in the
Impoundment No. 4 area through time. As shown, well MTMW-20A, located to the west of
Impoundment No. 4, and Seep 6150 contain much higher zinc concentrations than any other
location where groundwater underlying Impoundment No. 4 is monitored. The Fall 2019 zinc and
iron concentrations posted on Figure 4 also show this relationship. Figures 11 through 15 show
dissolved zinc concentrations in the Animas River, its inflows, groundwater, pore water, and other
water samples in the Impoundment No. 4 area from 2015 through 2019, respectively. With the
exception of the area around monitoring well MTMW-1, located in the northwestern part of
Impoundment No. 4, zinc concentrations in the glacial till and alluvial groundwater systems
underlying the Impoundment are less than or similar to those in the Animas River upgradient of
Impoundment No. 4 and are much less than the concentrations observed at Seep 6150 and
monitoring well MTMW-20A. This fact indicates that the Impoundment No. 4 tailings are not the
source of high concentrations of metals observed at Seep 6150 and in groundwater at
downgradient monitoring well MTMW-20A (Figures 11 through 15). The elevated metals
concentrations at these locations, and possibly at the MTMW-1 location, may be associated with
groundwater issuing from mineralized fractures in the bedrock and/or from non-Mayflower tailings
present in the floodplain, as discussed in the following subsection.
Seep 6150 water and groundwater at downgradient monitoring well MTMW-20A are chemically
distinct from groundwater underlying Impoundment No. 4. Figure 16 is a radar chart prepared to
allow for a visual comparison of the concentrations of several parameters in water collected from
Seep 6150 to groundwater collected at the adjacent paired monitoring wells MTMW-21A and
MTMW-21B. Note that the radar diagram uses an exponential concentration scale. The shape
and size of the chart for Seep 6150 is distinct from the charts for groundwater in the two monitoring
wells. In addition, Seep 6150 carries at least one order of magnitude (10 times) greater aluminum,
cadmium, copper, lead, and zinc than the nearby shallow monitoring well MTMW-21A.
Adjacent Historic (non-Mayflower) Tailings
Ore milling occurred for nearly 150 years in the Silverton Caldera area. Over 20 mills operated
in areas hydrologically upstream of the Study Area and Impoundment No. 4 (Jones, 2007).
Discharge of tailings directly into adjacent streams was the common practice at these historic
mills with the exception of the Mayflower Mill, which began impounding tailings in 1935. Tailings
discharged to streams were carried downstream and became redistributed and mixed with stream
sediment during flood events.
Tailings deposits are present in the Animas River right-bank floodplain to the east of Impoundment
No. 4 and are visible in the riverbank. These tailings are comprised of two horizons, a lower
orange material and an upper, gray material. These materials were sampled in Fall 2018 and the
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samples are designated AOI-4-3 and AOI-4-4, respectively 5 (Figure 17). The origin of the orange
material (AOI-4-3) is likely one or more historic mills located in upstream areas and is not the
Mayflower Mill based on the tailings chemistry. The overlying gray material (AOI-4-4) may be
Mayflower mill tailings deposited on top of the orange material during a historic slope failure or
may also have originated from upstream historic mills.
Total and SPLP-leachate concentrations for several metals in the orange material (sample AOI4-3) were nearly as high or higher than any other solid-phase material sampled in the Mayflower
Study Area, including samples of Mayflower tailings, fill, and alluvium (293 total samples). Based
on the SPLP results, the AOI-4-3 sample has the highest potential for metals leaching of the solids
that have been characterized in the Study Area:

•

SPLP arsenic, cadmium, and zinc concentrations in the AOI-4-3 sample were higher than
the 95th percentile SPLP concentration of the 293 solid-phase samples.

•

SPLP copper and manganese concentrations in the AOI-4-3 sample were higher than the
99th percentile SPLP concentration of the 293 solid-phase samples.

•

SPLP iron and lead concentrations in the AOI-4-3 sample were higher than any SPLP
concentration of the 293 solid-phase samples.

In addition, the acid generating potential of the AOI-4-3 material was found to be relatively high
when compared to other potential sources in the Study Area. The depth to groundwater in and
around the AOI-4-3 location is expected to be less than 5 feet based on the nearby trenches
excavated in 2019 and measurements from nearby groundwater monitoring wells. The AOI-4-3
sample location is approximately 350 feet directly upgradient to the east of Seep 6150 based on
equipotential groundwater maps. Metals released to water from these historic tailings would be
transported downgradient in the shallow groundwater system, to the west and in the direction of
seep 6150. The orange tailings found at the AOI-4-3 location were not encountered further east
in an exploratory trench at sample location AOI-4-24 (Figure 17). These tailings will be further
investigated in 2020.

5

These samples were originally named OP-37 and OP-38, respectively, at the time of sample collection.
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NATURE AND EXTENT OF ANY CONTAMINATION
Mayflower Mill Tailings

The chemical and physical nature of the tailings in Impoundment No. 4 are well characterized and
the extent of tailings in Impoundment No. 4 is known.
The tailings in Impoundment No. 4 have little, if any, impact on the underlying groundwater within
the glacial till and alluvial deposits. As described previously, zinc concentrations in the glacial till
and alluvial groundwater systems underlying the Impoundment are generally less than or similar
to those in the Animas River upgradient of Impoundment No. 4. This fact indicates that the
Impoundment No. 4 tailings are not the source of high concentrations of metals observed at Seep
6150 and in groundwater at monitoring well MTMW-20A nor can they be responsible for the
increased load in the Animas River below Impoundment No. 4.
Naturally Occurring Sources
The nature and extent of naturally occurring sources of metals in the Impoundment No. 4 area,
including groundwater that may issue from mineralized fractures, are complex and less
understood.
The alignment of certain areas of increased metals concentrations suggests the presence of a
hypothesized mineralized fracture system that may add metals to the glacial till and alluvial
groundwater systems in the Impoundment No. 4 area. This hypothesis is supported by the
following observations, which are on a line that approximates a probable radial fracture pattern
associated with the collapsed Silverton Caldera (Figure 18).
•

A run-on control channel along the upgradient north and northwest sides of Impoundment
No. 4 captures natural bedrock seepage from the hillside and carries it to the west. A
notable increase in visible iron in the water carried by this channel occurs upstream of
stations DRAIN-1 and DRAIN-2 and suggests that the channel crosses a mineralized
fracture system.

•

Monitoring well MTMW-1 appears to be completed in a perched groundwater bearing zone
within glacial till deposits underlying Impoundment No. 4. This well consistently contains
groundwater with higher metals concentrations than any other monitoring well completed
in till or alluvium underlying Impoundment No. 4 and may be receiving primary recharge
from the bedrock fracture system; whereas, other monitoring wells completed in the

4-1

Impoundment No. 4 Conceptual Site Model
Mayflower Impoundments Area

DRAFT

Rev. 0
July 2020

•

underlying groundwater system receive primary recharge from mountain front recharge
through the unconsolidated materials.

•

Seep 6150 is located on the right bank of the Animas River. As previously described, the
tailings in Impoundment No. 4 have little, if any, impact on the underlying groundwater
system. Therefore, the high metals concentrations measured in Seep 6150 appear to be
associated with other sources (e.g., naturally occurring sources and/or upgradient historic
tailings).

•

A massive ferricrete deposit is present on the south bank of the Animas River across from
Seep 6150 (Figure 9). This deposit holds a near-vertical face of cemented cobbles over
20 feet high.
Historic Tailings

The nature of historic tailings in the floodplain area is currently characterized by only a few grab
samples (e.g., AOI-4-3, AOI-4-4) and therefore is not fully understood. Detailed sampling is
planned for 2020 that will provide better characterization of these tailings. The proximity of the
AOI-4-3 sample location to Seep 6150 is shown on Figure 17.
The lateral and vertical extents of the historic floodplain tailings also are not well understood but
should be better characterized following the 2020 field investigation.
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FATE AND TRANSPORT
Mayflower Mill Tailings

Mobilization of tailings from reclaimed Impoundment No. 4 by wind is negligible due to the
presence of a 24-inch minus vegetated cover.
Mobilization of tailings from Impoundment No. 4 by runoff is negligible due to the presence of
functioning run-on/runoff controls and the presence of a 24-inch minus cover as well as the
establishment of stabilizing vegetation.
Metals may be mobilized from the Impoundment No. 4 tailings through the Impoundment base to
the underlying groundwater system. This could occur by the mechanisms of 1) percolation, 2) a
pressure response due to infiltrating water that forces water already present in the tailings
downward, and/or 3) localized areas in the southeastern part of Impoundment No. 4 where the
tailings may be in contact with groundwater. However, the tailings in Impoundment No. 4 reflect
little, if any, impact on the underlying groundwater system, which has zinc concentrations that are
generally lower than or similar to those in the Animas River upgradient of Impoundment No. 4.
Metals that enter the underlying groundwater system will move downgradient in the alluvial
deposits of the Animas River valley by the mechanisms of advection and dispersion.
Concentrations of most metals will be decreased by sorption and precipitation in the groundwater
system matrix. Mobile metals such as cadmium and zinc will tend to stay in solution.
Metals that are not sorbed/precipitated in the groundwater system matrix will continue
downgradient and may enter the Animas River in its gaining reaches, which typically occur where
the valley walls constrict and reduce the cross-sectional area of the groundwater system. Once
in the River, metals may be sorbed onto sediment. Metals in the River will re-enter the
groundwater system in losing stream reaches, which typically occur where the valley walls diverge
and the cross-sectional area of the groundwater system increases. Overall, concentrations of
metals in the Animas River surface water and groundwater systems decrease in the downgradient
direction due to dilution from tributary stream systems.
Figure 19 shows zinc load in the Animas River through the Study Area (see blue line entitled
“Mainstem”) based on data collected in October 2019. 6 This figure also shows the cumulative
sum of measured zinc load in tributary inputs to the Animas River (see orange line entitled “Sum
of inputs”). The difference in load between the orange and blue lines indicates that the vast

6 Zinc load is expressed in units of pounds per day (lb/day) and is calculated by multiplying measured zinc
concentrations by stream flow along with appropriate unit conversion factors.
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majority of the increase in zinc load through the Study Area occurs as diffuse inflow to the River
rather than as discrete tributary inputs. Figure 19 includes a grey line entitled “Zn scale baseline,”
which is based on measured loads of strontium and molybdenum in the Animas River. These
elements are not considered to be associated with mining-related impacts and thus provide a
baseline for natural metal loads in the River. In general, zinc loads in the Animas River show only
slight increases through the Study Area, consistent with baseline surface water metals until the
vicinity of Seep 6150. Just downstream of the Seep 6150 location, zinc loads in the Animas River
increase markedly (Figure 19). The zinc load distribution in the Animas River demonstrates that
potential sources in the eastern portion of the Study Area (e.g., the Mayflower Mill and
Impoundment Nos. 1, 2, and 3) are not impacting water quality in the Animas River. As described
above, the Impoundment No. 4 tailings are also not impacting the Animas River. The measured
impacts at Seep 6150 and in the area downstream of the seep appear to be associated with other
sources, such as natural mineralization and/or historic floodplain tailings.
Naturally Occurring Sources
Metals from naturally occurring sources in the Impoundment No. 4 area would enter the glacial till
and alluvial groundwater system and move downgradient according to the mechanisms described
above for the Mayflower tailings.
Historic Tailings
As previously discussed, the lateral and vertical extents of the historic floodplain tailings near
Impoundment No. 4 are currently unknown. Precipitation and snowmelt likely descend through
these floodplain deposits, mobilizing metals to the underlying groundwater system and possibly
to the Seep 6150 location. It is also possible that the floodplain tailings are in contact with the
groundwater system during some or all of the year.
The extent to which contaminants originating from the floodplain tailings have been mobilized
downgradient is not well understood.
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