Let me say from the start, I am not categorically opposed to mining, I am
however categorically opposed to the type of mining that is proposed by this
foreign entity.

I also must state from the beginning that I am not opposed or hold no
negative opinions of Canadians but for the sake of clarity we need to note
that this is a Canadian company unlike what they appear to represent in their
name.

I think it is important to note that the company named "US copper" was
previously named "Crown Gold". This name change occurred around the
time President Biden announced his new green deal. See Appendix D. The
PEA a 235 page document submitted in my previous public comments was
produced by this foreign entity and contains the expected production of 21
million oz. of gold and 221 million ounces of silver, which I believe to be the
primary purpose for this mine. In other words this is green washing. Copper
is not considered a critical resource by the USGS see Appendix B and C.
According to the PEA this mine will be arguably the largest open pit mine in
the U.S.

93% of open pit mines leak into groundwater resulting in significant water
quality impacts, see Appendix E and F.

After these mines are decommissioned they continue to pollute for thousands
of years, see Appendix G.

According to the PEA the foreign entity plans to dam up Moonlight Valley to
create toxic waste lakes, let that sink in for a sec.

This will be a superfund site like in Shasta county.

This hardly seems like a fair trade for 17 years of mining (See PEA report),
that will not significantly benefit the local economy and will negatively
impact tourism.

Historically the properties in question have been an underground mining
operation, not a surface mining operation.

I am heartened that Plumas county is retaining counsel to inform themselves
about the issue at hand.



[ encourage all parties to read the PEA report to get a clear understanding of
what this mine project really looks like, they are talking about processing
60,000 tons of material a day.

The decisions made here about this issue will reverberate for thousands of
years.

A group of concerned citizens of which I am a part has retained retained legal
counsel so that we can understand several legal questions and should it be
needed represent us moving forward.

We look forward to working together with the county on this issue.
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Article 15. Vested Rights Determination
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Article 16. Mining Ordinances

§ 4000. Certification and Recertification of Mining Ordinances.

(a) Upon adoption of a new mining ordinance. or amendment of an existing mining ordinance, a lead agency
shall, within 30 days of such action, provide written notice of the complete text of the resulting mining ordinance
to the State Mining and Geology Board, to enable the Board to review the ordinance in accordance with Public
Resources Code Sections 2774.3, 2774.5(a) and 2774.5(b).

(b) Where a lead agency has not provided the Board with timely notice of the complete text of its mining
ordinance. consistent with subparagraph (a) herein, the mining ordinance shall not be considered to be in
accordance with state policy until the mining ordinance is certitied by the Board as being in accordance with state
policy.

(c) In any jurisdiction in which the lead agency does not have a certified mining ordinance, the board assumes full
authority of all lead agency’s powers under Public Resources Code Sections 2710-2796 and Public Resources
Code Section 2207 for all surface mining operations until the time the board certifies a lead agency’s mining
ordinance. Nothing in this section shall be construed as authorizing the board to issue a permit for the conduct of
mining operations or issue vested rights determinations.

(d) Notwithstanding subsection (¢) of this Article, lead agencies with previously certified mining ordinances
retain lead agency authority while the board conducts a review of the amended ordinance pursuant to Public
Resources Code Sections 2774.3. 2774.5(a) and 2774.5(b).

NOTE
Authority cited: Section 2755, Public Resowrces Code. Reference: Sections 2756, 2738, 2759, 2774.3, and
2774 Ste) 27745 th)l-and-2774-5(e); Public Resources Code.
HISTORY
1. New article 16 (section 4000) and section filed 1-13-2014. operative 4-1-2014 (Register 2014. No. 3
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USGS rejects push to make copper a 'critical' mineral - E&E News by POLITICO
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USGS rejects push to make copper a ‘critical’ mineral

»¢ Hannah Northey | ( (123 0425 M ED

Copper rods used to machine parts are stacked on a shelf at Makerite Manufacturing in Roscoe, 111, in 2019. Getty Images

The U.S. Geological Survey is rebuffing bipartisan calls from lawmakers to add copper Lo its list of critical minerals, a classification
that’s catapulted in importance as the nation races to compete with China on development of renewable energy technology and boost
electric vehicle adoption.

David Applegate, who directs the USGS, told Sen. Kyrsten Sinema (I-Ariz.) in an April 13 letter
(https://subscriber.politicopro.com/eenews/f/eenews/?id=00000188-4953-d998-ab8f-fb5f223b0000) and Republican Rep. Bob
Latta of Ohio on May 1 (https://subscriber.politicopro.com/eenews/ f/eenews/?id=00000188-4952-d998-ab8f-b5f8ebo0000) that
vulnerabilities in the nation’s copper supplies are reduced by domestic resources, trade deals and other supplies.

“While copper is clearly an essential mineral commodity, its supply chain vulnerabilities are mitigated by domestic capacity, trade
with reliable partners, and significant secondary capacity,” Applegate wrote in the letters. “As a result, the USGS does not believe that
the available information on copper supply and demand justifies an out-of-cyele addition to the list at this time.”

Advertisement

Sinema did not immediately respond when asked for comment, but Craig Wheeler, a spokesperson for Latta, said there’s still
bipartisan, bicameral support for designating copper as critical and significant data that highlights the benefits for the U.S.

“The congressman continues to believe that it’s within the secretary’s power to acknowledge this reality and designate copper as a
critical mineral,” said Wheeler.
The congressional push over the status of copper highlights how much is at stake in the rush to source up and incentivize

development of supply chains to feed EV production and clean energy technology. Should copper be labeled “critical,” projects aime

at mining and processing the material could potentially I;E‘E]AB)Nt 4 B»E the federal government and benefit from laws like the v
PENHECT MNDE INENDMATION NR QET A EREE TRIAI
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and current policy priorities.

"Mineral criticality is not static, but changes over time," said Steven M. Fortier, USGS National Minerals Information
Center director. "The 2022 list of critical minerals was created using the most recent available data for non-

fuel mineral commodities. However, we're always analyzing mineral markets and developing new methods to
determine the various and evolving critical mineral supply chain risks."

Prior to publishing the 2022 list of critical minerals, the USGS completed a thorough review of more than 1,000
comments received from the public, stakeholders and local and state officials. These comments were received in
response to the draft critical minerals list the USGS released for public comment in November 2021.

"The USGS appreciates the input we received from the public and stakeholders," Fortier said. "In addition to reviewing
each comment for the current methodology, we are also identifying opportunities to include some of the suggestions
we received in the next update of the critical minerals list methodology."

The list of critical minerals will be the focus of USGS research quantifying critical mineral potential within the U.S. In
President Biden’s Bipartisan Infrastructure Law, the USGS received funding for its Earth Mapping Resource Initiative,
which will update the Nation's mapping of these minerals, including those still in the ground and those present in
mine wastes.

The Energy Act of 2020 directed the USGS to update the list of critical minerals, and the list is timely to provide
guidance for use of the Bipartisan Infrastructure Law funds, both for the USGS and other agencies.

The 2022 list of critical minerals includes the following — click a mineral’s name to find relevant statistics and
publications:

» Aluminum, used in almost all sectors of the economy

Antimony, used in lead-acid batteries and flame retardants

Arsenic, used in semi-conductors

Barite, used in hydrocarbon production.

Beryllium, used as an alloying agent in aerospace and defense industries

https://www.usgs.gov/news/national-news-release/us-geological-survey-releases-2022-list-critical-minerals 3/10
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Nickel, used to make stainless steel, superalloys, and rechargeable batteries

Niobium, used mostly in steel and superalloys

Palladium, used in catalytic converters and as a catalyst agent

Platinum, used in catalytic converters

Praseodymium, used in permanent magnets, batteries, aerospace alloys, ceramics, and colorants
Rhodium, used in catalytic converters, electrical components, and as a catalyst

Rubidium, used for research and development in electronics

Ruthenium, used as catalysts, as well as electrical contacts and chip resistors in computers
Samarium, used in permanent magnets, as an absorber in nuclear reactors, and in cancer treatments
Scandium, used for alloys, ceramics, and fuel cells

Tantalum, used in electronic components, mostly capacitors and in superalloys

Tellurium, used in solar cells, thermoelectric devices, and as alloying additive

Terbium, used in permanent magnets, fiber optics, lasers, and solid-state devices
Thulium, used in various metal alloys and in lasers

Tin, used as protective coatings and alloys for steel

Titanium, used as a white pigment or metal alloys

Tungsten, primarily used to make wear-resistant metals

Vanadium, primarily used as alloying agent for iron and steel

Ytterbium, used for catalysts, scintillometers, lasers, and metallurgy

Yttrium, used for ceramic, catalysts, lasers, metallurgy, and phosphors

Zinc, primarily used in metallurgy to produce galvanized steel

Zirconium, used in the high-temperature ceramics and corrosion-resistant alloys.

https /iwww.usgs.gov/news/national-news-release/us-geological-survey-releases-2022-list-critical-minerals

5/10
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U.S. OPERATING COPPER MINES:
FAILURE TO CAPTURE & TREAT WASTEWATER By BONNIE GESTRING, MAY 2019

In 2012, Earthworks released a report documenting the failure to capture and treat mine wastewater at U.S.
operating copper mines accounting for 89% of U.S. copper production.* The report found that 92% failed to capture
and control mine wastewater, resulting in significant water quality impacts. This is an update to that effort. We
reviewed government and industry documents for fifteen operating open-pit copper mines, representing 99% of U.S.
copper production in 2015 — the most recent data on copper production available from the U.S. Geological Survey
(see Table 1). Our research found similar results: 14 out of 15 (93%) failed to capture and control wastewater,
resulting in significant water quality impacts (see Table 2). These unauthorized wastewater releases occurred from
a number of different sources including uncontrolled seepage from tailings impoundments, waste rock piles, open
pits, or other mine facilities, or failure of water treatment facilities, pipeline failures or other accidental releases.

TABLE 1:
Copper production from top 15 (as of 2015) U.S. open-pit copper mines (most recent data available from USGS).?

MINE_ ________ PRODUCTION (metrictons)
Morenci 481,000
Chino 142,000
Safford 91,600
Bagdad 95,300
Bingham Canyon 92,000
Sierrita 85,700
Ray 75,100
Pinto Valley 60,400
Mission Complex 68,300
Robinson 56,800
Tyrone 38,100
Continental pit 31,000
Phoenix 21,100
Miami 19,500
Silver Bell 19,300
Total (99% of U.S. production) 1,377,000

U.S. Total Copper Production 1,380,000
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Chino (cont’d)

Safford

Bagdad

Bingham Canyon

DOCUMENTATION OF WASTEWATER CAPTURE AND TREATMENT FAILURE

the main pit. In the South Mine area, groundwater has exceeded standards for manganese and
cadmium at Middle Whitewater Creek, Hurley and Lake One, and has exceeded standards for
copper at Lake One. A 2012 assessment of groundwater impacts concluded that contaminated
seepage from the mine will require water treatment in perpetuity.*®

In 2009, the State of New Mexico reached a settlement of $279,000 with the Chino Mine after the
release of one million gallons of process solution that overflowed a containment sump and
travelled more than 2 % miles down a surface water tributary near the mine in 2007.1°A 2003
ecological risk assessment reported elevated concentrations of the hazardous substances copper
and zinc in surface water from five different drainages at the Chino Mine, including
Hanover/Whitewater Creek, Bayard Canyon, Bolton Draw, the unnamed drainage between Bolton
Draw and Lampbright Draw and Lambright Draw.*® The areal extent of injured alluvial and
regional groundwater at the Chino Mine is 13,935 acres.

No documentation of unauthorized seepage orreleases of unauthorized wastewater,

There have been numerous spills, including a broken pipeline in 2009 causing a release of 2.3
million gallons of sulfuric acid into the surrounding soils,*” and a 1999 report of 12,000 gallons of
process water with residual chlorine spilled into Bridle Creek.'®

According to a 2006 study, a tailings impoundment at the Bagdad Mine failed in 1991 and
discharged to Copper Creek. Elevated concentrations of mercury, phenols, ammonia, copper and
acidity occurred in Boulder and Copper creeks, resulting in a fish kill.*® Water quality monitoring
from 1998-2002 in Boulder Creek found water quality exceedances for arsenic, lead, mercury, and
selenium. In Burro Creek, there were water quality exceedances for copper and mercury. In Butte
Creek, there were water quality exceedances for mercury and selenium.

In 1996, the EPA and the state of Arizona announced that Cyprus Bagdad Copper Corp,, a
subsidiary of Cyprus Mineral Corp., paid penalties totaling $760,000 for discharging contaminated
water from the Bagdad Copper Mine.?® The discharges involved various facilities including tailings
ponds, leach dumps, and a sewage treatment plant.?* According to an EPA report, seepage of
pregnant feach solution from the Copper Creek Leaching System was discovered in a receiving
pool in Boulder Creek in 1991.2% Studies indicated that instead of being contained by the Copper
Creek Flood Basin, the heavily contaminated solution seeped under the dam. The concentration
of total copper in samples collected in the pool in Boulder Creek were as high as 76.4 mg/l. On
March 29, 1993, U.S. EPA issued a Finding of Violation and Order against Cyprus.®

Wastewater from the mine has escaped the site’s collection system, contaminating groundwater

with acid, metals and sulfates. The groundwater plume extends towards the Jordan River and
covers and extensive area — contaminating the drinking water aquifer used by Salt Lake City

. residents.®* Water treatment will be required in perpetuity.”

In February 2008, the United States Fish and Wildlife Service took legal action against Kennecott
for the release of hazardous substances from the mine’s facilities, including selenium, copper,

- arsenic, lead, zinc and cadmium;?® Groundwater contaminated by mine operations has been

released from the mine site through artesian springs into areas that serve as fish and wildlife

- habitats. According to the federal biologists, the release of these hazardous pollutants has

harmed natural resources, including migratory hirds and their support ecosystems, which includes

- wetlands, marshes, freshwater wildlife habitats, playas andiriparian areas:and freshwater ponds.*’

- The 2002 Record of Decision for the Kennecott North Zone Site, which includes the Magma
~ tailings impoundment, describes leaching of contaminants through the berm and into
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DOCUMENTATION OF WASTEWATER CAPTURE AND TREATMIEENT FAILURE

Ray Mine (cont’d)

Pinto Valley

~According to.a 2012 ecological risk-assessment by the State of Arizona, “The site of injury

stretches from the Ray Mine and the Hayden Facility, to the Gila'River from the Ashurst- Hayden

~.Diversion Dam, upstream past the confluence of the San Pedro and Gila Rivers, and for a distance
~of 5 miles up each of those rivers beyond the confluence and to Mineral Creek from its confluence
“with the Gila River upstream to a point one mile above the Big'Box Canyon Dam.”* The most

substantialinjuries occurred in the reach of Mineral -Creek that extends from the tunnel outlet to
the Gila River. The report finds that, “Dissolved-copper:concentrations in the surface water of this

~reach have been recorded up to 130.times surface water quality standards that wil} sustain

| -aquatic life, and sediment copperconcentrations have been recorded to exceed up to 22 times
~the level:beyond which injuryis inflicted on sediment-dwelfing-organisms {MacDonald et al.
-2000).”% These concentrations of.copper-caused-a complete loss of aquatic life in this reach.

- ‘Overall, the report found that, “ecosystem services fost in the 117 acres that include Mineral

~ Creek and its associated riparian habitat were estimated tobe 100% from 1981- 2005, and up to
- 50% from 2005 to the present {Lipton 2009). Hazardous releases also affected the aquatic and

- riparianportions.of the Gila'River near the Ray Mine/Hayden Smelter Complex, including

- -approximately 2,930 acres upstream of Mineral Creek to the confluence with the San Pedro River,
~and approximately 1,620 acres downstream of Mineral Creek to the Ashurst-Hayden Dam. The

- most substantial loss of ecosystem services in these areas occurred during the three years

- following the release of 300,000.tons of tailings in. 1993, when ecosystem service losses were

estimated at-10-25% {Lipton .2009).”%

In 2010, a report of a storm event that caused 5,362 tons of tailings to spill onto soil and Pinto
Creek, including 214 pounds of arsenic and 11 pounds of lead.* According to the report, 500
cubic yards were released into water. Pinto Creek is a tributary to Roosevelt Lake. In 2007, a
release of impounded storm and seepage water occurred due to a flange separation in a tailings
line. The unexpected release washed out a section of the secondary containment, which allowed
it to escape. An estimated 45,000 gallons of stormwater and tailings seepage reported to an
unnamed tributary of Pinto Creek.*®

In 2007, the facility noticed that the action leakage rate for the Gold Guich pond had been
exceeded, documenting a leak in the pond. In February 2008 a wind and storm event ripped the
top portion of the liner, requiring major repair, which was completed in February — March 2008.46
The ALR exceedances continued on an intermittent basis throughout the remainder of 2008 and
2009. The leak rate was 26 gallons/minute on the day of the inspection.

Since 1989, extreme storm events caused releases of copper bearing sediments and liquids to
Pinto Creek from Pinto Valley operations. These releases resulted from partial tailings dam
failures, pipeline breaks, seepage flows, conveyance blockages, and storm water overflows.
Recent significant release events occurred in August 1989, July 1990, January 1991, August to
September 1991, January to February 1993, and October 1997. In each of these events, materials
were released in guantities sufficient to impact Pinto Creek or its tributaries.”*’ Based on EPA's
review of discharge monitoring reports between January 1990 and September 1991, Magma (now
Pinto Valley) reportedly discharged effluent to Pinto Creek or its tributaries in excess of allowable
effluent limitations on numerous occasions, and/or did not collect and analyze samples, in
violation of permit conditions.*® According to the report, during the first episode, approximately
3,000 gallons of effluent containing total suspended solids and copper of unknown concentrations
was discharged from the ditch. A similar discharge of 24,000 gallons occurred on September 5,
1991. An estimated 39,000 gallons of effluent in exceedance of Arizona Surface Water Quality
Standards and Aquifer Water Quality Standards for copper, zinc, and lead were discharged from
the ditch on September 23, 1991.%°

I
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Tyrone (cont’d)

Continental Pit

Phoenix

Miami

- pathways at the Sites, inc!uding process water leaks and spills; tailings spills; dryfall from smelter

.emissions; windblown materials; runoff, infiltration, or percolation from tailings and waste

~stockpiles; and transport through erosional processes. Whitewater Creek and Mangas Creek are

- two important waterways at the Chino and Tyrone mines, respectively, where the riparian and

_-associated streambed-habitats have been exposed to hazardous substances from multiple

- sources. Those sourcesinclude direct inputs of contaminated water from the mines, tailings pond

. ‘breaches during high-volume storm events; and deposmon or-spills of tailings directly into the
streambed areas.®®

... There have been multiple spills of tailings, releasing hazardous substances. The largest event
~occurred at the No. 3 tailings dam in 1980, releasing 2.6 million cubic yards of tailings into the

Mangas Valley.** Tailings flowed 8 kilometers downstream and inundated farmland. The failure

- occurred as the result of a dam wall breach. -In 2001, 5 tons-of tailings spilled into the Mangas
Wash from the stormwater containment dike at the tailings dam.%

According to the Butte groundwater injury assessment report for the State of Montana’s Natural
Resource Damage Program, the walls of the Berkeley and Continental Pits were a source of
groundwater contamination in the Butte Mine Flooding Operable Unit of the Superfund Site along
with leaking solutions from the Yankee Doodle Tailings Pond.®® Groundwater contamination is
extensive, requiring the City of Butte to pipe its drinking water in from other watersheds.

At current operations, mine tailings from the Continental Pit mine are placed in the Yankee
Doodle tailings impoundment, which also contains the mine waste from previous mining at the
Berkeley Pit. The tailings impoundment is unlined, and seepage from the impoundment travels
through faults and fractures into the Berkeley Pit. When mining ceases, seepage from the tailings
impoundment will continue to contribute contaminated water to the Berkeley pit. A consent
decree requires contaminated water from the Berkeley Pit to be collected and treated in
perpetuity.®’

- In 2002, groundwater from the gold tailings facility contain elevated concentrations of chloride,

~sodium, and sulfate, which is the result of a.solute plume originating from the Gold Tailings facility
- “=a.copperand gold tailings storage facility.*% In 2005; seepage oflow pH and poor-guality

solution'emanating from a portich of the southern toe of the North Fortitude Waste Rock Facility

. was identified.in June and formally inspected in August: Flow emanates from two locations along

2.300-foot width of the toe and ultimately migrates to a nattral. drainage and eventually into.the

. Pty In 2006, seepage of a small quantity of low pH and poor-quality water was discovered at the

- toe of the Box Canyon Waste Rock Facility following an intense precipitation event, Flow was

.estimated at 2 gallons per minute,

The Miami Mine, currently owned by Freeport McMoran, was formerly the Inspiration Mine
owned and operated by the Inspiration Consolidated Copper Co. In 1986, the U.S. EPA issued a
finding of violation and order under the Clean Water Act to the Inspiration Consolidated Copper
Co. for discharges of acidic process solutions from Webster Lake (a large process solution
impoundment) to Miami Wash and for acidic, metal contaminated groundwater surfacing near
the confluence of Miami Wash and Pinal Creek.”® Acidic water from this lake and other mining
related sources generated a 15-kilometer-long plume of acidic groundwater in the alluvial
aquifer.”® In 1989, the Pinal Creek Site, which includes the Miami Mine, was placed on the WQARF
Priority list.”" The WQARF program is the state equivalent of the Federal “superfund” program.
The Pinal Creek site was listed under the Arizona Water Quality Assurance Revolving Fund
program for contamination in the shallow alluvial aquifers within the Pinal Creek drainage.
According to the State of Arizona, “Releases of contaminants have occurred from all of the major
mining sites from a variety of different sources, including, but not limited to, process solution
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The Bingham Canyon Mine, the largest copper porphyry mine currently operating in the
United States, will also generate water poliution in perpetuity from the mine's waste rock piles.
Mine operations have resulted in a plume of contaminated groundwater extending over 70
square miles, and the State of Utah filed a natural resource damage claim against the mine in
2008 for impacts to water and wildlife resources.

Tailings spills have occurred at nine operations, and a partial failure of the tailings
impoundment occurred at four out of fourteen mines {28%). These included a 1997 partial
failure of the tailings impoundment at the Pinto Valley Mine, where the creek bed and
surrounding upland were buried under material as deep as 42 feet. In 1993, heavy
precipitation caused the Gila River to flood and breach the tailings impoundment at the Ray
Mine, carrying poliutants 11 miles downriver. And in 1980, 2.6 million cubic yards of tailings
were released atf the Tyrone mine, and flowed 8 kilometers downstream.

Many of the currently operating copper porphyry mines are located in the arid southwaest,
where precipitation is limited, and communicafion between surface and groundwater
resources is limited. More significant impacts could be expected at mines in wetter climates,
with abundant surface water and shallow groundwater, such as is the case in the Bristol Bay
region. Research shows that mines with high acid generating potential and in close proximity
to surface and groundwater are at highest risk for water quality impacts.”

Additional impacts at these mines, particularly water collection and treatment failures, are
likely to occur after mining operations cease and groundwater pumps are no longer keeping
the mine area dewatered.

A review of the frack record of water quality impacts from copper porphyry mines found
severe impacts to drinking water aquifers, contamination of farmland, contamination and loss
of fish and wildlife and their habitat, and risks to public health. In some cases, water quality
impacts are so severe that acid mine drainage will generate water poliution in perpetuity.

U1
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Table 2

Synopsis of pipeline spills, tailings spills and impoundment failures, and water
capture and treatment failures for 14 copper porphyry mines (1986-2012).

Mine Number of Water Tailings Affected surface and/or ground
reported collection and dam water
pipeline spills | treatment failures
and other failures
accidental
releases*
Morenci 21 Yes San Francisco River, Gila River,
Chase Creek, groundwater aquifer
Bingham 28 Yes 72 square mile plume of
Canyon contaminated groundwater; fish
and wildlife habitat in the Great
Salt lake ecosystem
Ray 54 Yes Partial Mineral Creek, Gila River,
groundwater aquifer
Chino 10 Yes Hanover/Whitewater Creek,
contaminated groundwater will
require water treatment in
perpetuity
Bagdad 7 Yes Boulder Creek, Burro Creek, Butte
Creek, Bridle Creek
Sierrita 18 Yes Demetrie Wash and its tributaries;
groundwater aquifer including
drinking water wells in Green
Valley
Pinto Valley 3 Yes Partial Pinto Creek
Mission 3 Yes Partial Tributaries of the Santa Cruz River,
groundwater aquifer
Robinson 8 Unknown 2.3 miles of downstream drainage
bed
Tyrone 7 Yes Partial Mangas Creek, groundwater
contamination will require water
treatment in perpetuity
Mineral Park 3 Yes Groundwater aquifer and surface
water
Miami 8 Yes Pinal Creek alluvial aquifer
Silver Bell 3 Yes Cocio Wash
Continental Pit | 2 Yes Silver Bow Creek, groundwater
aquifer

*Limitations in the data for pipeline spills and other accidental releases make it difficult to determine, in some
cases, whether water quality impacts resulted from the spill.
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resources at and in the vicinity of the site including surface water, sediments, soils,
terrestrial habitats and terrestrial receptors/’37 A financial settlement followed an
investigation of natural resource injuries related to the release of hazardous substances
into the environment from acid mine drainage and process solution, among other sources.

The investigation found that the main ore minerals are sulfide minerals, which have
resulted in the development of acid mine drainage. According to the report, “Surface
water has been, and most likely continues to be, exposed to hazardous substances
released from the Morenci Mine through a variety of pathv\/ays."38 Concentrations of
hazardous substances measured in groundwater at the Morenci Mine and measured in the
San Francisco and Gila Rivers downstream of the mine provide further indications that
hazardous substances present in the source materials at the Morenci Mine have been
released to the environment. The report found that “Concentrations of total and dissolved
zinc have exceeded 1,000 ug/l in the Gila River and concentration of dissolved copper have
exceeded 100 ug/! in the San Francisco River.”* Contaminated groundwater is also
released to surface water via seeps and sprmgs.40

Tailings spills
and
impoundment
failures

No impoundment failures.

Impacts to
water, fish
and wildlife

In 2012, the US Department of Justice and Department of Interior have jointly announced
that Freeport McMoRan has agreed to pay $6.8 million to settle federal and state natural
resource damages related to the Morenci Mine. According to the complaint, the hazardous
substance release, which included sulfuric acid and metals, injured, destroyed or led to the
loss of “surface waters, terrestrial habitat and wildlife, and migratory birds.”*!

As described above, metals contamination occurred in the San Francisco and Gila Rivers
downstream of the mine, and to groundwater supplies.

*Limitations in the data for pipefine spills and other accidental releases make it difficult to determine, in some
cases, whether water quality impacts resulted from the spill.
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1998: Report of copper sulfate released into a canal.

1998: Report of clogged piping system causing pipe to back up and overflow releasing acid
rock drainage into water,

1997: Report of settling pond overflow due to clogged outlet valve. Release of copper
sulfate into water.

1997: Report of pipeline rupture releasing process water {pH 2.5-4.0) into water.

1993{»5;3 Report of 45,000 gallons of wastewater spilled due to a rupture of the transfer
line.

1991: Report of 30,000 gallons of industrial wastewater spilled at the wastewater
treatment plant due to line break.®*

Water

failure

collection &
treatment

2011: Noncompliance in April-June 2011 for discharges of copper, zinc and total
suspended solids at copper smelter.®”

Wastewater from the mine has escaped the site’s collection system, contaminating
groundwater with acid, metals and sulfates. The groundwater plume extends towards the
nearby Jordan River and covers more than 72 square miles — rendering water for
thousands of Salt Lake City residents undrinkable.®® There have been multiple tailings
SleS

Drainage from the waste rock piles will require water treatment in perpetuity to prevent
additional groundwater pollu‘cion.68

In February 2008, the United States Fish and Wildlife Service took legal action against
Kennecott for the release of hazardous substances from the mine’s facilities, including
selenium, copper, arsenic, lead, zinc and cadmium.®® Groundwater contaminated by mine
operations has been released from the mine site through artesian springs into areas that
serve as fish and wildlife habitats. According to the federal biologists, the release of these
hazardous pollutants has harmed natural resources, including migratory birds and their
support ecosystems, which includes wetlands, marshes freshwater wildlife habitats,
playas and riparian areas and freshwater ponds

Impacts to
water, fish and
wildlife.

In February 2008, the United States Fish and Wildlife Service took legal action against
Kennecott for the release of hazardous substances from the mine’s facilities, including
selenium, copper, arsenic, lead, zinc and cadmium.”" Groundwater contaminated by mine
operations has been released from the mine site through artesian springs into areas that
serve as fish and wildlife habitats. According to the federal biologists, the release of these
hazardous pollutants has harmed natural resources, including migratory birds and their
support ecosystems, which includes wetlands, marshes, freshwater wildlife habitats,
playas and riparian areas and freshwater ponds.

*Limitations in the data for pipeline spills and other accidental releases make it difficult to determine, in some
cases, whether water quality impacts resulted from the spill.
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electrowinning plant and the electrowinning dam were continuously pumping pLs.®’
Multiple groundwater wells were found to be highly contaminated by a common leachate
solution which was attributed to releases by ASARCO into shallow groundwater along
Mineral Creek. It concluded that it is likely that the hazardous substance present in
shallow groundwater will represent an ongoing source of chronic contamination to
Mineral Creek (Lipton 2009).88

Tailings spills
and
impoundment
failures

2012: Seepage from the tailings impoundment was released into two catch basins and
into a tributary of the Gila River.2? At the time of the report, seepage into the tributary
was estimated at 75 gpm.

2011: A report of 6,000-8,000 tons of copper ore tailings released from one of the tailings
pond due to a breach in the dike .

In 1993, heavy precipitation caused the Gila River to flood, and breach the AB-BC tailings
impoundment containment dike.** According to a report by the U.S. EPA, “Continued
flooding over the next several days resulted in a total of 13 separate breaches of the dike,
three of which eroded through the dike and into the toe of the tailings pile. The total
discharge was approximately 292,000 tons of tailings, which was about 216,000 cubic
yards of material.”* It also found that sampling of the river showed that elevated
concentrations of pollutants occurred at least 11 miles downstream of the spill. The
tailings formed bank and bottom deposits in the river, impairing both recreational uses
and the quality of habitat for plants and animals.”

Impacts to
water, fish and
wildlife

In April 2009, the Department of the interior and the State of Arizona, acting as natural
resource trustees (Trustees) received a monetary settlement and three parcels of land
from ASARCO, L.L.C. through the Natural Resource Damage Assessment and Restoration
(NRDAR) program to account for injuries to trust resources incurred through muitiple
releases of hazardous substances by ASARCO L.L.C. into Mineral Creek and the Gila River
in Pinal County, Arizona.®*

According to a 2012 ecological risk assessment by the State of Arizona, “The site of injury
stretches from the Ray Mine and the Hayden Facility, to the Gila River from the Ashurst-
Hayden Diversion Dam, upstream past the confluence of the San Pedro and Gila Rivers,
and for a distance of 5 miles up each of those rivers beyond the confluence and to
Mineral Creek from its confluence with the Gila River upstream to a point one mile above
the Big Box Canyon Dam.” The most substantial injuries occurred in the reach of Mineral
Creek that extends from the tunnel outlet to the Gila River. The report finds that,
“Dissolved copper concentrations in the surface water of this reach have been recorded
up to 130 times surface water quality standards that will sustain aquatic life, and
sediment copper concentrations have been recorded to exceed up to 22 times the level
beyond which injury is inflicted on sediment-dwelling organisms (MacDonald et al.
2000).;’5These concentrations of copper caused a complete loss of aquatic life in this
reach.

Overall, the report found that, “ecosystem services lost in the 117 acres that include
Mineral Creek and its associated riparian habitat were estimated to be 100% from 1981-
2005, and up to 50% from 2005 to the present {Lipton 2009). Hazardous releases also
affected the aquatic and riparian portions of the Gila River near the Ray Mine/Hayden
Smelter Complex, including approximately 2,930 acres upstream of Mineral Creek to the
confluence with the San Pedro River, and approximately 1,620 acres downstream of
Mineral Creek to the Ashurst-Hayden Dam. The most substantial loss of ecosystem
services in these areas occurred during the three years following the release of 300,000
tons of’&ailings in 1993, when ecosystem service losses were estimated at 10-25% (Lipton
2009)."7°

*Limitations in the data for pipeline spills and other accidental releases make it difficult to determine, in some
cases, whether water quality impacts resulted from the spill.
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[and
impoundment
failures

impacts to
water, fish and
wildlife

The 2003 ecological risk assessment reported elevated concentrations of the hazardous
substances copper and zinc in surface water from five different drainages at the Chino
Mine, including Hanover/Whitewater Creek, Bayard Canyon, Bolton Draw, the unnamed
drainage between Bolton Draw and Lampbright Draw and Lambright Draw.'”

The areal extent of injured alluvial and regional groundwater at the Chino Mine is 13,935
acres. '

According to the closure plan for the Chino Mine, contaminated groundwater will require
water treatment in perpetuityA107

*Limitations in the data for pipeline spills and other accidental releases make it difficult to determine, in some
cases, whether water quality impacts resulted from the spill.
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SIERRITA MINE, AZ (Freeport McMoRan)

The Sierrita Mine is an open pit copper and molybdenum mining complex 20 miles southwest of

Tucson, Arizona.

Reports of
pipeline
failures and
other
accidental
releases*

2011: Report of 849 gallons of sulfuric acid spills from a pipeline leak.**°

2008: Report of 1,100 gallons of sodium hypochlorite spilled due to loose pipe.121

2005: Report of 1,000 pounds of sulfuric acid from broken pipelir\e.122

2005: Report of 8,058 pounds of sulfuric acid released from broken pipeline. 123

2002: Report of 39,375 pounds of sulfuric acid spilled from pipeline from separated

ﬂange

2001: Report of 1,209 pounds of sulfuric acid spilled from pipeline.125

2000: Report of 5,350 gallons of leach solution spilled from pipe. 126

1998: Report of 160 000 gallons of mill tailings spilled into water due to overflow resulting
from power failure.*

1998: Report of 40,000 gallons leach solution spilled from pipe!ine.128

1998: Report of 120,000 gallons of leach solution spilled from pipeline.m

1997: Report of 2,798 pounds of sulfuric acid spilled due to pipeline rupture.130

1997: Report of release of 8,000 pounds of sulfuric acid due to pipe joint failure.™

1996: Report of release of 3,000 gallons of sulfuric acid due to pipeline failure.*¥

1994: Report of another pipeline break allowed a discharge into Demetrie Wash of
approximately 120,000 gallons of reclaim water.'*?

1994: Report of approximately 5,000 gallons of reclaim water were released as a result of
a pipeline break.'*

1993: Report of a leak in a pipeline transporting process water discharged approximately
200,000 gallons of a mixture of process wastewater and storm water run-off to an
unnamed tributary of Demetrie Wash.'*

1993: Report of Cyprus Sierrita discharging approximately 2,700,000 gallons into the same
wash as a result of another pipeline break.**®

1993: Report of apprOX|mater 450,000 gallons released to the wash in October 1993 by a
broken pipeline.”

Water
collection and
treatment
failures

From the summer of 1992 until December 1994, Sierrita discharged contaminated process
water and storm water run-off to Demetrie Wash and its tributaries from various
overflows, seepages, and pipeline leaks and breaks."*

On March 25, 1996, the U.S. Department of Justice issued a civil claim against Cyprus
Sierrita on behalf of the State of Arizona and the United States pursuant to the Clean
Water Act.” Cyprus Sierrita entered into a binding Consent Decree to pay a total civil
penalty of $88,000 for numerous violations.

According to a 2011 report, seepage from an unlined tailings pond at Phelps Dodge's
Sierrita mine has sent a plume of contaminated groundwater toward the city of Green
Valley, causing drinking water wells to record high levels of sulfates."% In 2006, the
company signed a mitigation order on consent with the State of Arizona to address sulfate
in drinking water. It requires the company to develop a mitigation plan to be submitted in
2009.
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PINTO VALLEY-MINE, AZ {BHP Billiton)

The Pinto Valley Mine is an open pit copper and gold mine located about 126 km east of Phoenix, AZ.

Formerly owned by Magma Copper Company.

Reports of
pipeline
faifures and
other
accidental
releases

2010: Report of a storm event, which caused 5,362 tons of tailings to sp:ll onto soil and
Pinto Creek, including 214 pounds of arsenic and 11 pounds of lead.”" 500 cubic yards
were released into water. Pinto Creek is a tributary to Roosevelt Lake.

2010: Report of an unknown amount of mine tailings released onto land, with a potential

142
release to water, due to heavy rains.

2001: Report of 1,725 pounds of sulfuric acid released due to pipeline break.'**

Water
collection and
treatment
failures

According to a 2001 EPA report, a portion of Pinto Creek from its headwaters to Spring
Creek was first listed as water quality limited in 1992 based on elevated copper
concentrations and pH values that were related to discharges from the Pinto Valley and
anothﬁamme The remaining portions of the stream were added to the 303({d) list in
1994.

The report further states that, “Since 1989, extreme storm events caused releases of
copper bearing sediments and liquids to Pinto Creek from Pinto Valley operations. These
releases resulted from partial tailings dam failures, pipeline breaks, seepage flows,
conveyance blockages, and storm water overflows. Recent significant release events
occurred in August 1989, July 1990, January 1991, August to September 1991, January to
February 1993, and October 1997. In each of these events, materials were released in
quantities sufficient to impact Pinto Creek or its tributaries.”**°

Based on EPA's review of discharge monitoring reports between January 1990 and
September 1991, Magma (now Pinto Valley) reportedly discharged effluent to Pinto Creek
or its tributaries in excess of allowable effluent limitations on numerous occasions, and/or
did not collect and analyze samples, in violation of permit conditions.**®

According to the report, during the first episode, approximately 3,000 gallons of effluent
containing total suspended solids and copper of unknown concentrations was discharged
from the ditch. A similar discharge of 24,000 gallons occurred on September 5, 1991. An
estimated 39,000 gallons of effluent in exceedance of Arizona Surface Water Quality
Standards and Aquifer Water Quality Standards for copper, zinc, and lead were discharged
from the ditch on September 23, 1991.%%

Tailings spills
or failures

In 1997, a partlal tailings failure deposited an estimated 276,000 cubic yards of tailings in
Pinto Creek.’ [l buned 8.1 acres of creek bed and surrounding upland with material as
deep as 42 feet.™

Another incident occurred in 1993, when heavy rainfall overwhelmed the mine's water
management capabilities. During the rainfall event, a reservoxr overflowed the tailings
pile, tore out a levee, and carried tailings to Pinto Creek.* In addition, a retention pond
that held storm water and mineral wastes discharged material into the creek after its dam
was breached. According to an EPA report of the incident, “Critical water containment
structures in place at the mine in 1992 were reportedly designed to hold a 100-year, 24-
hour storm event. Nonetheless, the mine discharged hundreds of tons of tailings and
millions of gallons of contaminated water into Pinto Creek.”™’ Water quality sampling
during January and February 1993 indicated 286 exceedances of daily and monthly water
quality parameters. Fish surveys collected before and after the discharges showed a
marked decline in populations of the desert sucker (Pantosteus clarki) following the
discharges. Although they were abundant in 1992, a summer survey in 1993 found only
one adult in Pinto Creek.”

In January 1991, the face of Tailings Dam No. 3 failed, releasing 150 - 250 tons of tailings
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MISSION COMPLEX MINE, AZ (ASARCO)

The Mission Mine complex is an open pit copper mine and underground copper mine located
near Sahuarita, Arizona {18 miles south of Tucson). The Mine covers approximately 29.7 square

miles, and a portion of the mine occupies tribal lands.

Reports of 2011: Report of a backup of a tailing line resulting in release of tailings into a dry wash."*
pipeline 2002: A violation involving the discharge of primarily copper laden stormwater runoff and
failures and process water discharge to ephemeral tributaries of the Santa Cruz river near Tucson in
other violation of the facilities Multi Sector General Permit Case # 09-2002-0064.

id | . R . . , . - \
:;c;a:::: 2001: Report of a 36-inch distribution tailings line releasing 200 tons of tailings into a dry

stream channel,**®

Water According to EPA fact sheet released in 2008, discharges from mine (outfall 001A) contain
collection and | Significant levels of copper and lead, and TSS, which have been out of compliance since
treatment October, 2003." Outfalls from the Mission complex discharge to ephemeral streams that
failures are tributaries to the Santa Cruz River.

Three large tailings ponds and several mine dumps are located on land leased from the
Indian landowners approximately 1 mile south of the Arroyos project area. According to a
report by the Bureau of Reclamation, leachate from these tailings has contributed to
elevatelgglevels of sulfate, TDS, and hardness in the aquifer below and adjacent to the
ponds.™

Tailings spills
or
impoundment
failures

The Bureau of Reclamation Report also states that, “Surface drainage from a break in a

tailings pond dike in 1990 released large volumes of material into wash complexes that
. 59

drain toward the SCR.”**°

impacts to
water, fish and
wildlife

Ground and surface water pollution.

*Limitations in the data for pipeline spills and other accidental releases make it difficult to determine, in some
cases, whether water quality impacts resulted from the spill.
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TYRONE MINE, NM (Freeport McMoRan)

The Tyrone Mine is located approximately 10 miles southwest of Silver City, New Mexico.

The mine straddles the Continental Divide.

Reports of
pipeline
failures and
other
accidental
releases*

2006: Report of a spill occurring when a CTl tanker truck loaded with about 3,000 gallons
of acid collided with a pickup truck, spilling about 500 gallons of the acid on the highway
and adjacent property.162 (non pipeline)

2003: Report of approximately 2,600 gallons of 16% sulfuric acid solution spilled at the
Tyrone mine during maintenance activity on a pipeline system.163

2001: Report of 500-1000 gallons of solution leaked from the pipelme.164
2001: Report of 300 gallon spill of raffinate and organic solution from pipeline.

2001: Report of 150 gallon spill from the Seep 5# pond, which overflowed with 75 gallons
entering Deadman Canyon. Seepage had a pH of 4 and Deadman Canyon was flowing at
approximately 50 gpm at the time.

1997: Report of 65,000 gallons of raffinate leaked from a ruptured weld in a raffinate
pipeline. 6

1997: Report of a transfer line rupture due to cold weather.

1994: Report of No. 2 diesel fuel oil from two broken pipes detected in groundwater.167

2012 report identifies diesel fuel contaminant concentrations in groundwater from a leak
in distribution pipeline at diesel tank farm, which migrated to regional aquifer.168

Water
collection and
treatment
failures

In 2011, the U.S. Department of Justice and State of New Mexico issued a consent decree
for damages to natural resources from hazardous substances from the Tyrone, Chino, and
Cobre mines.'®

The settlement followed an investigation of natural resource injuries related to the
release of hazardous substances into the environment from acid mine drainage and
process solution, among other sources.’”® According to the investigation, “groundwater in
both the regional aquifer and the perched groundwater aquifers at the site have been
exposed to hazardous substances through a variety of pathways.”*”* The assessment at
the Tyrone Mine identified 14 different mine area sources that have affected water
quality, including seepage from tailings impoundments, leach stockpiles and waste rock
stockpiles.

A 2012 groundwater assessment concluded that contaminated seepage from the mine will
require water treatment in perpetuity. -

Tailings spills
and
impoundment
failures

There have been multiple spills of tailings, releasing hazardous substances.

The largest event occurred at the No. 3 tailings dam in 1980, spilling 2.6 million cubic
yards of tailings into the Mangas Valley.173 Tailings flowed 8 kilometers downstream and
inundated farmland."”* The failure occurred due to a dam wall breach.

2001: 5 tons of tailings spilled into the Mangas Wash from the stormwater containment
dike at the tailings dam.'”

1990: Minor tailings spills from the No. 1 taiIingsepond in January 1990, and similar minor
spills from the No. 2 tailings pond during 1990."

Impacts to
water, fish and
wildlife

Streams and washes in the vicinity of the Tyrone Mine facility are ephemeral — they flow
only after significant precipitation events.

According to the 2003 preliminary assessment, “Surface water is exposed to hazardous
substances released from the Tyrone Mine through a variety of pathways. Mangas Creek,
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U.S. Copper Porphyry Mines: Water Quality Report « EARTHWORKS * www. earthworksaction.org 23




MIAMI MINE, AZ

(Freeport McMoRan; formerly owned by Phelps Dodge and Cyprus Amax Minerals)
The Miami Mine is an open pit mine located 90 miles east of Phoenix, Arizona.

Reports of 2011: Report of 1,600 pounds of sulfuric acid spilled from pipeline due to faulty weld.*"®
pipeline 2009: Report of 1,000 pounds of sulfuric acid spilled due to pipeline break.'®
?tlrl\::es and 2007: Report of a release of 9,450 pounds of sulfuric acid from pipeline.*®*
accidental 2001; Roport of a release of 153 pounds and 6.4 pounds respectively of lead/arsenic from
releases* p!pelme
2001: Report of a release of 2,070 pounds of acid plant blowdown from pipeline.183
1997: Report of 10,000 gallons of copper sulfate due to overflow of tank."®
1996: Report of 50,000 gallons of sulfuric acid due to tank failure.*®®
1996: Report of 8,995 pounds of sulfuric acid due to leaky pipe‘186
Water The Pinal Creek drainage was designated a Water Quality Assurance Revolving Fund
collection and (WQARF) site by the Arizona Department of Environmental Quality in 1989 due to acidity
treatment and metals contamination in the alluvial aquifer. The WQARF program is the state
failures equivalent of the Federal “superfund” program. The Miami Mine, inherited from the
Cyprus Miami Mine (formerly the Inspiration Mme) is a member of the Pinal Creek Water
Quality Assurance Revolving Fund (WQARF) Site.”!
The Pinal Creek site was listed under the Arizona Water Quality Assurance Revolving Fund
program in 1989 for contamination in the shallow alluvial aguifers within the Pinal Creek
drainage near Miami, Arizona. 188
Impacts to The Water Quality Assurance Revolving Fund (WQARF) program is the state equivalent of

water, fish and
wildlife

the Federal “superfund” program. The Miami Mine, inherited from the Cyprus Miami
Mine (formerly the Inspiration Mine) is a membe| of the Pinal Creek Water Quality
Assurance Revolving Fund (WQARF) Site.*® The Pinal Creek drainage was designated a
WQARF suge by ADEQ in 1989 due to acidity and metals contamination in the alluvial
aquifer.

*Limitations in the data for pipeline spills and other accidental releases make it difficult to determine, in some
cases, whether water quality impacts resulted from the spill.
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.MINERAL PARK MINE, AZ (Mercator)

Mineral Park is an open pit copper mine in the Cerbat Mountains near Kingman, AZ.

Reports of
pipeline spills
and other
accidental
releases®

1996: Report of 150 - 200 gallons of sulfuric acid released from acid storage tank due to

equipment failure."”’

1996: Report of 200 gallons of sulfuric acid released.™®®

1996: Report of 1,100 gallons of sulfuric acid spil!edl199

Water
collection and
treatment
failures

According to a 1995 report by the Arizona Geological Survey, water quality samples were
taken of streamflow just below the Mineral Park mine and of mine water seeping through
a dam at the southwest end of the tai|ings.200 Both samples showed extremely low pH
values (3.2, 2.6), extremely high TDS values (5,549 and 6,625 mg/L) and extremely high
sulfate contents (4,500 and 6,000 mg/L). According to the report, “the cadmium
concentration of the stream flow just downstream of the Cyprus Mineral Park Mine place
is 75.4 times higher than the standard, copper exceeds the standard 51 times and zinc
17.2 times.” It further states that, “The discharge from the tailings ran down the washes
until about two years ago, when the dam around the tailings was built. In years with very
heavy rains the water could eventually reach the Sacramento wash.”*"*

According to a 1999 EPA report, the Mineral Park Mine collected surface water samples
from seven drainages and analyzed them for metals and radio-chemicals.”” All of these
drainages, except for Golden Eagle Spring, exceeded either the federal Maximum
Contaminant Levels (MCLs) and or state guidelines for gross alpha or gross beta.
According to the report, “ADEQ observed that surface water runoff emanating from the
drainages in the mine area were affecting the water quality of the alluvial pediment.” Data
showed that the plume contained high levels of beryllium, cadmium, fluoride and nickel.
The report further stated that, “the data show that TENORM is discharging from
abandoned mine adits and is impacting surface water and that mining operations have
impacted groundwater.”">

A 2006 technical feasibility report commissioned by the company also describes a plume
of contaminated groundwater migrating down-gradient from the mine.” 1

Impacts to
water, fish and
wildlife

See above.

*Limitations in the data for pipeline spills and other accidental releases make it difficult to determine, in some
cases, whether water quality impacts resulted from the spill.

U.S. Copper Porphyry Mines: Water Quality Repori « EARTHWORKS « www. earthwaorksacfion.org 27




Blacktail Creek and the Metro Storm Drain at the base of the Butte Hill.”™ Surface water

flow above the tailings pond is intercepted by the tailings pond and used as makeup water
in the milling process. From the tailings pond to the MR Concentrator, the original Silver
Bow Creek channel no longer exists. Surface water in the active mining area is controlled
by a series of ditches and ponds which convey runoff and mine process water to various
locations, including the Berkeley Pit, leach pads, and concentrator area (Figure 2). From
the MR Concentrator to the confluence with Blacktail Creek, the former creek has been

) . . o1
reconfigured and is known as the Metro Storm Drain.

*Limitations in the data for pipeline spills and other accidental releases make it difficult to determine, in some
cases, whether water quality impacts resulted from the spill.
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SEVILLA

Fig. 1. Sketeh map (southwest Spain) showing the location of the Rio
Tinto and of the Aznalcollar mining areas and the location ol the core dyilled
in the upper estuary of the Tinto river (Huelva ria),

”

drainage waters. The name of the Tinto river (“tinto ” means
“red wine” in Spanish) clearly refers to the nncommon
brown-red color of its waters,

The Tinto river, which is 90 kn long, remains strongly
acidic (pH, 1.5-2.5) from its source zone, about 400 m (\lm
down to its estuary in the Ria of Huelva (Fig. 1). Its red-col-
ored waters contain high sulfate and dissolved metal contents
(Nelson and lﬂun()th(‘ 1993; Elbaz-Poulichet et al.,, 1999).
The mean discharge is relatively small—about 15 m¥s, rang-
ing from 1 to 100 m*/s depending on seasonal variations, in-
chuding dry periods and rainy periods with floods. The Tinto
river se dlmonts are gray sands, including qumt/ and slate el-
ements and al)nnddnt detrital pyrite grains that are weakly
weathered and slightly rounded.

Methods and Materials

A core was drilled (lat. 37°18'16", long. 6°48'10"), down to

SCIENTIFIC COMMUNICATIONS

the bedrock, through the Holocene sediments of the upper
part of the Rio Tinto estuary (Fig, 1). This zone corresponds
today to a flood plain that is usually dry, being 1.15 m above
the mean high-water level. The core, 7'em (lmm(*t(x is about
15 m in length. Core recovery was relatively good (92%) and
the core material was only moderately disturbed and frag-
mented; consequently, there is no uncertainty in (l(;\pth, con-
trol. Core material was protected in a PVC sheath. It was
sawed longitudinally in four parts for lithological, geocheni-

al, and (thmg_7 studies, and the last part was kept as r(:li:rmlce.
thh()k)g\ was studied both using optical microscopy and
scamning electronic microscopy to investigate the sulfide
phases. l\vvntv samples of core material (30-50 ¢ dry mater-
ial) were selected for major and trace elements d)ld]\S]\ (Fig.
2).

Present sediments from the Tinto river were collected van-
domly within the uppermost 3 ¢m. They were dried before
examination by SEM, then analyzed (30-50 g) for major and
trace elements. The sulfide sludge from Aznalcollar was col-
Jected along the banks of the Guadiamar river one day after
the spill,

The geochemical analyses for major (including S, COg,and
organic C) and trace elements (including C] an(l lio were
done by X-RAL laboratories (Don Mills, Ontario, ,dnadd)
and at the Montpellier University, using XRF (X-ray fluores-
cence), NAA (neutron activation analysis), ICP-MS (induc-
tively coupled plasma-mass bl’)(,‘d]()]]l()ll)) and AA (Atomic
Al‘)ﬁ()rpt‘ion) ﬁpoctroph()t()m(,trv

The SEM inv sestigations were per} formed with a Hitachi S-

4500 instrument (()uplvd with an energy-dispersive Xeray
spectrometer (E1)S); detection limits were about 0,] percent,
with a precision within 20 percent.

Activation mass spectrometry (AMS) radiocarbon dating
was performed by Beta Analytic, Inc. (Miami). The analyzed
sediment samples (35-75 g) contained enough organic carbon
{0.5-1%) to ensure accurate analysis and all analytical steps
went normally (01(11)]]1t1/<m()n and AMS radiocarbon count-
ing); a char coal | ragment (4.3 ¢) was picked for complemen-
tary analysis. The conventional "C ages were calibrated to

alendar” years using the Pretoria Calibration Procedure
based on tree-ring (Llld as calibration curves (dendrocalibra-
tion); the calibr ated ages are given BC ages with 95 percent
probability.

The *“Ph determinations were done on the yj ppermost 3 30
cm of the core in order to determine the (Jn()nm]()g'\/ of pollu-

Tanri 1. Metal Contents ol the Two Anomalous 1orizons of the Cove und Comparizon with the Normal Estuarian Sediments ol the Core

7n Cu Ph As Cd Sn Ag Tl g Au Ba
Rio Tinto massive sullide ore {(avy)! 20.000 7.000 7.000 2.000 150 350 45 33 40 0.8 Unknown
Pyritic tailings of Aznaleollar (spill) 21,200 2,120 8.500 6,100 31 22 50 103 Unknown 0.06 70
Pyvite-rich sand fron the Tinto river 3,200 0950 I,Z()() 3,900 57 20 T4 24 12 0.07 2,900
Upper pyrite-rich sand horizon (core) 300 760 1.400 ¢ 100 17 18 5.1 0.2 3.400
Lower pyrite-rich sand horizon (core) 240 400 900 6 45 10 12, 3.0 0.1 1.600
Normal estuarian black mud (core) 67 24 12 <1 2 0.9 0.4 0,04 0.003 230

Albvalues given in ppm

Metals concentrations in the sands (rom the upper part of the Tinto viver, in Rio Tinto massive pyrite ore, and in pyrite shidge veleased from the Aznal-

<()H ar spill are given Tor comparizon with the anomalons horizons of the core

'Leistel et dl 1993
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ton associated with moderm mining (Davis et al., in press);
analyses were conducted at l‘]()uda State University by W.
Burmett and associates.

Results

Lithostratigraphy

From 1)()(1()111 to top, the following materials are present in
the core (Fig. 2): (1) coarse detrital se dnn( mts (fluvial channel
and fluvial lm) (2) shelly and sandy black muds, including
shell-rich horizons with dlli]]l"( nic pyritic nodules (estuarine
aceretion bodies); (3) mn(ldv san(ls with shell fragments (es-
tuarine channel); (4) a tmndlmg yellow sands and dark green
muds (chamel margins); and {5) yellow sands of the flood
plain at the top of the core. This uppermost horizon results
from flood deposits that may be strongly erosional, as sug-
gested by the lithologic break and th(\ ‘shar p dise ontmuuy
\\I(h the unde xl\mo nmd( ly horizon. Almost every year there
is a major flood from the Tinto river, eroding and/or de 2posit-
ing up t() 50 em of sandy material on the ﬂo()d plain.

Presence of metal-rich Lorizons

The trace metal contents in the Holocene estuarine sedi-
ments (Fig, 2, Table 1) are similar to averaged continental
sediments (Taylor and McLennan, 1985). The highest con-
tents are in organic carbon-rich sediments containing diage-
netic pyrite (Fig. 3D) overgrowing p]dnt debris or shell frag-
ments. Against this normal geochemical background two
remarkable horizons (0-1.3 m and 3-4 m) are dw acterized
by metal concentrations that are two orders of magnitude
}nu}n( o than those of the other Lm’]s (Fig. 2). These hml/()ns
contain 2,500 to 5,300 ppm Pb and 900 to 1,400 ppm As, re-
spectively. In hoth cases the same metal association is present,
umlpowd of high Ph, Ba, As-Cu, Zn-Sn, TI-Cd, Ag, Hg-Au,
in decreasing order of importance.

SEM observations (Fig. 3)

The two anomalous horizons are also remarkable for their

mineralogic composition. They consist mainly of ll%hl yellow
sands and silts, m(]n(]ln;’ abundant clastic pyrite grains (2-12
wt %). The pyrite grains are small and well sorted (20-50
wm); they (()umpond to angular fragments of subhedral
pyrite graing (Fig. 3A2) that have been 011]\’ slightly rounded,
and \\ln(h exhibit only rare dissolution plis an(] cracks. The
only oxidized material consists of ochre fragments in the silt
Ll\(‘]s EDS-SEM 11]\0%113&110115 sugwost that galena is pw
sent as small ac cessory grains (1-5 pm), pm{lv included in
pyrite; rare gold m(]usu)ns (0.5 um) are also present in pyrite.
The high l»nmm content is clearly explained by the presence
of lame H ar {ragments of barite in the pyrite- rich sands. Cassi-
terite is present as small, perfectly euhedral crystals (10 gm),
ex 3]4111111;7 the high Sn contents (40-100 ppm Sn).

The lower hon/on (0.5-1.2% organic carbon) contains
black plant fragments that often display woody cellular tex-
tures (Fig, 3(,) These charcoal fi ag’mvms are very small and
well sorted (0.1-1.2 mm). A few smal globules (30-500 gm)
of vesicular glass, with smooth surface s are also present in
this horizon (1410 3B). EDS-SEM analysis suggests they con-
sist either of'a Fe-Si glass, with traces of sulfur, or of a carbon-

SCIENTIFIC COMMUNICATIONS

iron material with small contents ol copper and sulfur
{0.1-1%). These compositions, which differ from those of
natural vesicular glasses, such as lavas, are similar to those of
scorias and slags {rom mctallurgical furmaces

Dating vesults

The four "C calibrated ages (BC) obtained are consistent
with the r(‘lutiv(\ stratigraphic position of the analyzed sam-
ples (Fig. 2) : 6,000 £140 yr for the base of the estuarine ac-
cretion hodies (] 5m): 3.600 + +100 yr for the hase of the es-
tuarine channel (7.5 m); 2,530 70 yr for the lower
metal-contaminated horizon (4 m) and 1,930 £-55 yr [or the
floor of the uppermost metal- L()nidmmatod horizon (1.3 m).

The 2Ph concentrations along the uppermost 30 ¢ of the
core (Davis et al., in press} are strikingly constant and rela-
tively high (8 = -2 Ba/kg).

Discussion
Evolution of the Holocene depositional environment

The lithostratigraphic sequence and the "C ages corre-
spond fairly well to the Holocene transgression that started in
the Huelva area about 8,000 BC, fille d up the estuary, and
ended with a stabilization of the sea level about 3()()() BC
(Borrego et al., 1999). The transgression is connected with a
deglacial sea lxvel rise (Mannion, 1997). From "C radiodat-
ing, it appears the sedimentation rates of the estuarine sedi-
ments were between I and 7 mm/yr,

The two metal-contaminated horizons correspond to well-
sorted sandy flood deposits. The lower horizon results from
mpnt of flavial sands during a progradation stage in the estuar-
ine systemn; the overlying muddy and shelly horizon corresponds
to tidal svd]monis d]on;, s channel margins. The upper horizon re-
sults from discontinuous input of h]\m sands over the surface of
the flood plain—which is usually dry—during scasonal floods.

Geochemical and mineralogical evidence for
metal contaminations Sfrom the Rio Tinto mineralization

The metals present in these two anomalous horizons reflect
fairly well those of the Rio Tinto sulfide ore, including base
and trace metals (Table 1), For example, the relatively higly
Au content of the pyritic horizons (0.1-0.2 ppm) is in agree-
ment with the presence of gold in the Rio Tinto mineraliza-
tion (0.5-1.5 p pm) SEM observations reveal that gold inclu-
sions are present in the detrital pyrite grains. The al)lm(]dm e
of barium, and the presence of barite detrital grains, may be
explained by the fact that barite is a common gangue mineral
of the sulfide ores. The relatively high Sn concentrations and
the presence of cassiterite grains are in agreement with the
presence of cassiterite in thc Rio Tinto ore. The arsenic con-
centrations in detrital pyrite grains, which have been picked
up {rom the core, range from 1 to 2 percent As, explaining the
high arsenic contents of the pyrite-rich horizons.

However, the order of abundance is not exactly the same,
For example, Zn and Cd concentrations are low <<)n'1p u'od to
the other base metals (Ph, Cu) in the pyrite-rich sands. This
may be explained either by the fact that Zn and Cd are rela-
tively more casily soluble in surface waters or that sphalerite
was not abundant in the transported pyritic material.

The pyrite grains from the two metal-contaminated hori-
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zons are angular clastic pyrite grains (Fig. 3A2) that may be
slightly rounded and corroded. They are clearly different in
shape and size from the authigenic pyrite crystals and the
sphernlitic agregates of pyrite (Fig. 313) that are present in
the shelly black mud horizons of the core (Fig. 2). The only
ohvious source of pyrite in the catchment zone of the Tinto
river is the Rio Tinto mining arca. There are outcropping
massive pyrite orchodies, with subhedral pyrite grains similar
in shape and size to those of the anomalous horizons of the
core, and huge stockpiles of pyrite-rich tailings and wastes
from modern mining activity. The pyrite grains are very abun-
dant in the present surface sands collected along the bed and

the banks of of the Tinto river: in the immediate vicinity of

the mine area, there are Pyritic sands containing up to 60 wt
percent pyrite, and downstream {rom the coring location, the
estuarian sediments still contain 1 to 10 wt percent pyrite.
The pyrite-rich sediments of the Tinto river display very high
concentrations of toxic metals (0.5% As, 0.5% Ph, 0.3% 7n,
0.2% Cu; Table 1). These high metal contents can be ascribed
to pyrite (this is the case for As) or to discrete Ph-Zn-Cu sul-
fide phases associated with or included in pyrite. The clastic
pyrite grains from the surface sands along the Tinto river are
similar in shape and size (Fig. 3A1) to those from the metal-
contaminated horizons at depth in the core, providing evi-
dence that pyrite grains may be transported by the Tinto river
from the Rio Tinto mining zone to the estuarine zone. Con-
sidering the hydric flow during seasonal flood events and the
average geometry of the Tinto river, the rate of sediment
transport can be roughly caleulated: the time for the trans-
portation of the pyrite grains—from the source zone to the
estuary—-may be from 15 to 45 hours. Consequently, the
pyrite grains may be deposited very quickly in the estuarine
sediments without having suffered any weathering during
their transportation. The same shape and size of pyrite grains
characterize the pyritic sludge released within a few hours by
the Aznalcollar tailings spill i the Donana national park, 40
km downsream (Fig. 1).

These geochemical and mineralogical observations are the
first indication that the two anomalous horizons correspond
to input of pyrite-bearing and metal-rich sands resulting from
mining activity in the Rio Tinto source region.

Age of the upper metal-contaminated horizon

The impact of intensive modem mining activity that started
130 yr ago has been clearly recorded in shelf surface sedi-
ments of the Gulf of Cadiz (Van Geen et al., 1997). The upper
metal-contaminated horizon of the core may correspond to
this modern mining. The uppermost 30 em of the core have
high and constant 2Pl concentrations; this means that the
upper part of the upper contaminated horizon was deposited
a short time ago, probably during recent flood events. How-
ever, considering the discontinuous sedimentary and/or ero-
sional history of the flood plain of the upper estuary, we are
not sure that this 1.3-m-thick pyrite-rich horizon corresponds
inits entirety to the modern mining period. A #C AMS ra-
diocarbon dating was performed on an ochre layer, just helow
the upper horizon (Fig. 2). The ochre has an age of 1930 +50
BC (calibrated age). This is consistent with the chronostratig-
raphy of the core but indicates that the upper part of the
Holocene sequence has been eroded before or during the de-
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position of the upper, metal-contaminated horizon,

Age of the lower metal-contaminated horizon

The lower horizon has been dated at 2330 +70 BC (AMS
HC calibrated age). The analyzed sample {pyrite-rich sand)
contains 1 percent organic carbon. Tiny black fragmeuts of
charcoal are the only possible organic carbon source; there
are no shell fragments or carbonate (<0.1%). Dating of a sin-
gle charcoal material, picked up 10 e below the first dated
sample, has given a 500-yr older age (3013 +70 yr BC), which
could indicate derivation Irom a 500-yr-old tree (“old wood
effect”) or material derived from an older layer. Although the
ancients may have been burning old wood in their furnaces,
this is unlikely to have significantly affected the ohserved "'C
stratigraphy of the core. The logical progression of MC dates
down the core suggests that resedimentation processes in the
estuary have not resulted in major disturbances in in the
chronostrtigraphy.

These ages correspond to the Copper Age in the western
Mediterranean area and confirm that active mining started
early in the Rio Tinto district,

The presence of small droplets and [ragments of likely slags
{vesicnlar glasses with Fe-Si or C-Fe compositions and up to
0.5% copper and sulfur) in the lower horizon (Fig, 3B), is
compelling evidence for contemporaneous metallurgical ac-
tivity. In the same way, the presence of tiny and well-sorted
charcoal fragments may reflect the common use of small
charcoal fragments during metallurgical treatments.

Copper Age mining and metallurgy in the Rio Tinto area

The oldest findings indicate that metallurgical activities in
the region date from 2700 BC (Rothenberg and Blanco Frei-
jero, 1980). Except for a few metal tools in some graves and
scarce traces of mining excavations and ovens, there has been
little evidence ()['1'11’1p<>1'umt. Copper Age mining activity in the
Rio Tinto district. However, the Almerian Copper Age civi-
lization (3000-2200 BC) is well known in eastern Andalusia,
Spain, for the important development of copper mining and
metallurgy (i.e., in the fortified site of Los Millares, Almeria).
Similar z{(:tivit'\/ was likely taking place in western Andalusia,
notably in the Rio Tinto area (Briard, 1976). Unfortunately,
the subsequent mining periods probably erased most of the
Chalcolitic mining and metallurgical works, The Romans
started their mining activity from the Tartessian-Phoenician
works, and active mining today recovers gold (1-1.5 ppm)
from the Roman mining wastes.

Conclusions

1. We show here a new record of watershed-scale impact of
carly mining, over a distance of about 100 km. A 4,500-yr-old
{2530 BC) metal contamination, caused by Copper Age min-
ing, has existed in southern Spain. Notwithstanding the re-
cent accident at Aznaleollar, it is possible that long-term re-
lease of metals from ancient mining operations that have not
received the benefit of modern remediation may be a more
serious problem than the impact of much larger, modern-day
operations.

2. Anthropogenic input of metals may remain immohilized
for millennia in estuarine sediments. Most metals can be
locked as sulfides in estuarine sediments where anoxic condi-
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