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1.0 INTRODUCTION

The United States  is reliant on foreign countries 
(e.g., China) for much of its rare earth element (REE) 
supply. The reliance on foreign countries for REEs 
is a major concern for the U.S. in both domestic use 
and military security. China is the largest producer 
of REEs and has set quotas on production and ex-
ports, both of which have the potential to aff ect the 
U.S. economy and defense network. The U.S. desire 
to move to a more “Green Energy” environment will 
only put more strain on REE supply. This task aims to 
identify REE occurrences in large-scale waste sources 
associated with past underground and open-pit mining 
and ore processing facilities throughout portions of 
Montana. Mine types include metallic, non-metallic, 
and coal. Programs to identify REE deposits through-
out the U.S. are underway; however, exploration and 
mine development can take decades before resulting in 
an increase in U.S. resources and production. Recov-
ery of REEs from abandoned/inactive sites would 
shorten the time necessary to add to the U.S. REE sup-
ply and production, as no new mine permitting would 
be required. Recovery of REEs from mine waste has a 
secondary benefi t of aiding environmental cleanup and 
reducing waste sources. 

This data summary report presents the results 
of aqueous and solid sample collection and analysis 
performed as part of a Cooperative Agreement titled 
“Materials Technology for Rare Earth Elements Pro-
cessing (MT-REEP).” MT-REEP consists of several 
diff erent tasks focused on sharing expertise with 
Montana Technological University, including Montana 
Bureau of Mines and Geology (MBMG) faculty and 
staff . The multiple research projects aim to demon-
strate that REEs exist and can be produced economi-
cally—even from undesirable mining wastes—without 
environmental damage, thus reducing the Nation’s 
dependence on foreign-based supply chains.  Task 4 
focuses on the collection of samples from a prelimi-
nary list of large-scale mining and ore processing sites 
throughout Montana. Throughout the year, additional 
sites were added as contact was made with various 
State and Federal agencies and private companies. The 
list currently consists of 21 sites. Table 1-1 contains 
the initial 13 sites, plus the added sites, while fi gure 
1-1 shows the counties the sites are located within. 

Figure 1-1. Location map showing counties where study/sampling areas are located throughout Montana.
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1. Butte Operations 
a. Berkeley Pit 
b. Horseshoe Bend 
c. HsB WTP sludge 
d. Leach pads 
e. Waste dumps 
f. Yankee Doodle Tailings 

2. Anaconda Operations 
a. Smelter Hill slag 
b. Smelter Hill tailings 
c. Opportunity Pond 

3. Columbia Falls Aluminum Plant 
a. SPL ponds 
b. Waste pits 

4. Beal Mountain  
a. Waste dump 
b. Tailings/leach pad 

5. Golden Sunlight Mine 
a. Waste dump 
b. Tailings (?) 

6. Solvay/Stauffer 
a. Tailings basin 
b. Waste pile 
c. Maiden Rock ore piles 

7. Garrison/Phosphate Area Mines 
a. Waste dumps 

8. Phillipsburg Mining District 
a. Waste dumps 
b. Tailings  
c. AMD sites 

9. Basin/Ten Mile Watersheds 
a. AMD sites (Basin/Cataract Creeks) 
b. Luttrell Waste Repository 

10. Great Falls/Lewistown Coal Fields 
a. Belt/Stockett/Sand Coulee AMD 
b. Waste/spoils piles 

11. Black Eagle Smelter/Great Falls 
a. Waste dumps 
b. Tailings 
c. Seeps 

12. Roundup/Red Lodge Coal Fields 
a. Waste/spoils piles 

13. Nye/Fishtail/Columbus Chrome 
a. Waste piles 
b. Ore stock piles 
c. Columbus Smelter 

14. Zortman–Landusky 
a. AMD 
b. Treated water 
c. Waste piles 

15. Montana Tunnels 
a. AMD/seeps 
b. Waste piles 

16. Thompson Falls–U.S. Minerals 
a. Waste Dumps 
b. Tailings 
c. AMD seeps 

17. Kendall Mine/Lewistown 
a. Waste Dumps 
b. Tailings 
c. AMD seeps 

18. Hog Heaven Mine/Kalispell area 
a. Waste Dumps 
b. Tailings 
c. AMD seeps 

19. Carpenter/Snow Creek  
a. Waste Dumps 
b. Tailings 
c. Seeps 

20. Flat Creek Tailings  
a. Waste dumps 
b. Tailings 

21. Barkers/Hughesville 
a. Waste dumps 
b. Tailings 
c. AMD seeps 

Table 1-1. Potential study/resource areas–REE, MBMG Task 4.

Note. Sites in bold indicate locations where samples were collected during year 1 activities.
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Year 1 work focused on the following activities:

1. Perform a thorough literature search of exist-
ing information for each site and compile REE 
data.

2. Develop detailed fi eld and laboratory quality 
assurance project plans (QAPP) and sampling 
and analysis plans to guide personnel to ensure 
high-quality data are collected and analyti-
cal data meet the Army Research Laboratory 
(ARL) program goals.

3. Initiate contact with property owners and regu-
latory agencies (i.e., USFS, EPA, and DEQ) 
for site access; and

4. Implement a reconnaissance/limited sampling 
program to collect opportunistic aqueous and 
solid samples for REE at sites located in south-
west Montana.

This data summary report describes the sampling 
conducted for item 4 above. Sampling procedures 
followed those described in the project-specifi c QAPP 
developed under item 2 above. Many of the sites 
shown in table 1-1 are part of ongoing U.S. Envi-
ronmental Protection Agency Superfund activities 
or other regulatory action; therefore, sampling and 
analysis procedures, along with safety procedures, 
were designed to be compatible with those governing 
Superfund sites.

Solid samples were submitted to ALS Laboratories 
and West Virginia University (WVU) for rare earth 
element analysis and the MBMG Analytical Labora-
tory for inorganic analysis for the dissolved and total 
recoverable fractions. Water-quality data from the 
MBMG lab are available from the MBMG Groundwa-
ter Information Center online at: Montana’s Ground 
Water Information Center 2025.

2.0 YEAR 1 SAMPLING OBJECTIVES

 Limited reconnaissance sampling was con-
ducted during the fi rst year of the project at sites 
where access was easily obtained and previous data 
suggested REE existed in waste material. Initial recon-
naissance sampling entailed collecting an adequate 
number of solid and/or aqueous samples at specifi c 
sites to determine if REE concentrations merited more 
detailed sampling. Sample sites included acid mine 

drainage discharge, sludge from water treatment facili-
ties, waste dumps, smelter wastes, and mill tailings.

Initial sampling results are being used to develop 
more detailed sampling plans at sites with elevated 
REE concentrations. Sites with total REE concentra-
tions above 412 mg/kg in solids/sludge (concentration 
approximately two times that found in earth’s crust; 
Balaram, 2019) and total REE concentrations above 
499 μg/L in aqueous samples (value identifi ed as 
having secondary recovery potential) are considered 
as sites with elevated concentrations. Sites were also 
evaluated on the ratio of the amount of critical REEs 
(i.e., neodymium, europium, terbium, dysprosium, 
erbium, and yttrium) in the REE sum to the amount 
of more abundant REEs, also known as the outlook 
coeffi  cient (Coutl; Seredin and Dai, 2012). The higher 
the coeffi  cient, the more promising the material is as 
a secondary source; sites with a coeffi  cient of 0.7 or 
above are considered elevated for critical REEs. 

3.0 BACKGROUND AND SAMPLE 
SITE DESCRIPTION

A total of 149 aqueous and 243 solid samples 
were collected from 12 sites during year 1 activities. A 
description of each sample site and summary of aque-
ous, sludge, and solid sample results showing aver-
age, minimum, maximum, and number of samples are 
presented below.

3.1 Butte Mining District
Butte, Montana is well known for its long mining 

history. Mining fi rst began in the 1860s with placer 
gold deposits. Soon after, silver, copper, and zinc were 
found in quantity and began to be mined. Duaime and 
McGrath (2019) noted the existence of 517 under-
ground mines on the Butte Hill, with depths reach-
ing up to 1 mi; production of ore from these mines 
was prodigious, with more than 23 billion pounds 
of copper and 4.9 billion pounds of zinc produced 
from 1880 through 2017. Over 10,000 miles of un-
derground workings (Duaime and others, 2002) were 
exhumed in search of these metals; several open pit 
mines (e.g., the Berkeley Pit) were operated as part of 
mining operations. In 1982 the mines closed and the 
water pumps dewatering them were turned off . Open 
pit mining ended in 1983, but resumed in 1986. The 
cessation of underground mine dewatering allowed 
heavy-metal-laden water to fl ood the abandoned work-
ings and Berkeley Pit (fi g. 3-1). 
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Initial sampling focused on the collection of aque-
ous samples from sites monitored as part of the Butte 
Mine Flooding Operable Unit–Long-Term Monitoring 
Program. Samples were collected from a combina-
tion of alluvial and bedrock monitoring wells, under-
ground mines, and surface-water sites, including the 
Berkeley Pit. Solid samples were collected from ore 
being mined in the Continental Pit and processed ore 

from the site concentrator. In addition, sludge samples 
were collected and analyzed from the onsite Horse-
shoe Bend Water Treatment Plant (HsB). Other op-
portunistic samples (both solid and aqueous) were 
collected in the Butte area. In total, 110 samples were 
collected and analyzed for REE; the results are pre-
sented in fi gures 3-2 and 3-3 and tables 3-1 through 
3-16.

Figure 3-1. The Berkeley Pit and  the Horseshoe Bend Water Treatment plant.

Figure 3-2. REE concentration percentages for every 
sample taken at the Berkeley Pit. Elements with less than 
1% concentration were removed.

Figure 3-3. REE concentration percentages for every 
sludge sample taken at HsB. Elements with less than 1% 
concentration were removed.
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Table 3-2. Butte operations, Butte mine fl ooding monitoring sites—rare earth 
element and germanium statistics.
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Table 3-4. Butte operations, Butte mine fl ooding monitoring sites—rare 
earth element and germanium statistics.
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.Table 3-5. Butte operations, Butte treatment lagoons—rare earth ele-

ment and germanium statistics.
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Table 3-11. Butte operations, Montana Resources mill—Rare earth element and 
germanium statistics.

Table 3-12. Butte operations, Horseshoe Bend Water Treatment Plant—rare earth element and 
germanium statistics.
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Ponds (Shovers and others, 1991). The Anaconda 
Smelter continued to operate until its closure in 1980.

The Anaconda Smelter Superfund site was a big 
target for this project due to its ease of access and 
large scale. An estimated 25 million cubic yards of 
slag now cover the area around the smelter. Most of 
the waste piles are capped with topsoil, and samples 
were taken as more were being covered. A preliminary 
set of eight samples was taken from random points 
across the uncapped piles. These samples were sent to 
ALS for assay (fi g. 3-5, tables 3-17, 3-18). 

The Opportunity Ponds are also nearby and are a 
repository for 130 million cubic yards of tailings and 
other wastes from the smelter. Atlantic Richfi eld (AR) 
and its contractors provided splits of soil borings taken 
from various locations across the ponds. From these 
borings, 13 samples were sent to ALS for assay (tables 
3-19, 3-20).

Table 3-15. Butte operations, Horseshoe Bend Water Treatment Plant sludge—rare earth element 
and germanium statistics.

Table 3-16. Butte operations, Berkeley Pit—rare earth element and 
germanium statistics.

3.2 Anaconda Operations
The town of Anaconda, Montana was founded 

by Marcus Daly on June 25, 1883 for the purpose of 
constructing a smelter to process ore being mined in 
Butte, 26 mi to the east (fi g. 3-4, Morris, 1997). The 
mining company [Anaconda Copper Mining Company 
(ACM)] operated by Daly and his partners began con-
struction of the fi rst concentrator and smelter on the 
north side of Warm Springs Creek in 1883; the facility 
was put into operation in 1884 as the Upper Works. 
As ore production increased from ACM mines in 
Butte, Daly built an additional smelter in 1897, which 
became known as the Lower Works. Byproducts of 
the smelting process were slimes, slag, tailings, and 
airborne emissions of gases from the smelter stack. 
Tailings were sluiced to a series of ponds north of the 
town of Opportunity (which became known as the Op-
portunity Ponds), and beginning in 1947, to two ponds 
just below the concentrator, known as the Anaconda 
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Figure 3-5. REE concentration percentages for every 
sample taken at the Anaconda slag piles. Elements with 
less than 1% concentration were removed.

Figure 3-4. An aerial view of the Anaconda Smelter and operations, as well as a pile of the black slag.
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Table 3-18. Anaconda operations, Anaconda slag—rare earth 
element and germanium statistics.

Table 3-19. Anaconda operations, Opportunity ponds—rare earth element 
and germanium statistics.
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3.3 Beal Mountain Mine
The Beal Mountain Mine is located at the head-

waters of German Gulch Creek in the Pioneer Moun-
tains, in Silver Bow County, Montana (fi g. 3-6). The 
mine began extracting gold and silver ore in 1988. 
The mine consisted of two open pits, and since its 
closure in 1999 has left behind several waste rock 
piles and a large heap leach pad. The heap leach pad 
covers approximately 77 acres and stores an estimated 
14,807,100 tons of spent ore (Tetra Tech, 2010). The 
waste rock piles have since been covered to prevent 
the generation of acid mine drainage. The leach pad 
has been covered but still generates drainage that is 
treated at an onsite water treatment plant. Due to the 
varied forms of mine waste and its water treatment 
plant, the site was targeted for rare earth element sam-
pling. Several samples have been collected from the 
water treatment plant, including aqueous and sludge 
samples. MBMG fi eld crew collected three samples 
from the water treatment plant, and one sample from a 
drain designed to catch water from a waste rock pile. 
The sampling was conducted on August 2nd, 2023. 
Data from collected samples are in fi gures 3-7 and 3-8, 
and tables 3-21 through 3-24.

Figure 3-6. Inside the Beal Mountain Water Treat-
ment plant.

Figure 3-7. REE concentration percentages for every solid 
sample taken at Beal Mountain. Elements with less than 
1% concentration were removed.

Figure 3-8. REE concentration percentages for every aque-
ous sample taken at Beal Mountain. Elements with less 
than 1% concentration were removed.
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Table 3-22. Beal Mountain, aqueous samples—rare earth element and germanium statistics.

Table 3-23. Beal Mountain, solid samples—rare earth element and germanium statistics.

Ta
bl

e 
3-

24
. B

ea
l M

ou
nt

ai
n,

 s
ol

id
 s

am
pl

es
—

ra
re

 e
ar

th
 e

le
m

en
t a

nd
 g

er
m

an
iu

m
 c

on
ce

nt
ra

tio
ns

.



18

Duaime and others, 2024

3.4 Golden Sunlight Mine
The Golden Sunlight mine sits just northeast of Whitehall, Montana (fi g. 3-9) and 

is owned by the Barrick Gold Corporation (Barrick Gold Corporation, 2022). Mine 
operations began in 1975, with open pit operations shutting down in 2019. In its 40 yr 
of production, Golden Sunlight extracted over 3 million oz of gold and generated 23 
million tons of tailings. In 2022 a new fl otation plant was constructed and is currently 
reprocessing 2 million tons of tailings a year. Their current tailings reserve and the tail-
ings from the new fl otation plant were sampled on January 18, 2023 (fi g. 3-10, tables 
3-25, 3-26).

Figure 3-9. The pit at the Golden Sunlight Mine.
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Table 3-25. Golden Sunlight—rare earth element and germanium statistics.

Figure 3-10. REE concentration percentages for every sample taken at Golden Sun-
light, including germanium. Elements with less than 1% concentration were removed.
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3.5 Solvay Phosphate Plant

The Solvay plant was constructed in 1950 as a facility to produce 
elemental phosphorus (EPA, 2018). The plant was built on a 1.25-mi2

site just outside of Ramsay, Montana. When Solvay closed its doors in 
1997, a 500,000-gal tank of phosphorus sludge was left behind. Cleanup 
of the site began in 2004, with a facility to process the leftover sludge 
being constructed in 2020. The new facility operated using the Mud 
Still process and as of 2022 was still actively recovering phosphorus. 

AR purchased some of the slag material and transported it off site, 
where the MBMG collected samples on January 13, 2023. Six samples 
were collected (fi g. 3-11, tables 3-27, 3-28).

Figure 3-11. REE concentration percentages for every 
sample taken at the Solvay slag piles. Elements with less 
than 1% concentration were removed.
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Table 3-27. Solvay/Stauff er, Solvay slag—rare earth element and 
germanium statistics.
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3.6 Philipsburg Mining District
The Philipsburg mining district began in the 1860s 

after quartz was discovered in the area. In the 1880s, 
rich veins of silver were also discovered and began 
a renewed rush (Phillipsburg, 2024).  In addition to 
silver and zinc, battery grade manganese dioxide was 
also mined. The Philipsburg area is home to dozens 
of mining claims, including the prominent Granite 
Mountain and Speckled Trout mines. Philipsburg 
remained a relatively active mining community until 
the 1980s, when declining prices caused a majority 
of mines to shut down. On July 13, 2023, 37 samples 
were collected from around the mining district and 
sent to both WVU and ALS laboratories for assay. The 
assay results can be found in fi gure 3-12 and tables 
3-29 through 3-34.
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Table 3-32. Philipsburg mining district, Philipsburg area solids (ALS)—rare earth 
element and germanium statistics.



23

Montana Bureau of Mines and Geology Open-File Report 769

Ta
bl

e 
3-

34
. P

hi
lip

sb
ur

g 
m

in
in

g 
di

st
ric

t, 
Te

d 
An

to
ni

ol
i—

ra
re

 e
ar

th
 e

le
m

en
t a

nd
 g

er
m

an
iu

m
 c

on
ce

nt
ra

tio
ns

.

Table 3-33. Philipsburg mining district, Ted Antonioli—rare earth element 
and germanium statistics.

Figure 3-12. REE concentration percentages for every 
sample taken in the Philipsburg area. Elements with less 
than 1% concentration were removed.
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3.7 Basin Mining District
The Basin mining district is located in Jeff erson 

County, Montana and encompasses a 77-mi2 area 
around the town of Basin. Mining started in the 1870s 
and continued through the 1960s (EPA, 2017a). Con-
tamination of the watershed by mine wastes resulted 
in a Superfund listing in 1999. With mines such as 
the Crystal and the Bullion within the district already 
being monitored by the MBMG, the area was an easy 
addition to the ARL project. Three water samples were 
collected from the area; assay results are presented in 
tables 3-35 and 3-36.
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3.8 Black Eagle Smelter

The Black Eagle Smelter, also known as 
the AMC Smelter and Refi nery, is a 427-acre 
superfund site located in Black Eagle across 
the Missouri River from Great Falls, Montana. 
Construction of the fi rst smelter was completed 
in 1893 by the Boston and Montana Consoli-
dated Copper and Silver Mining Company. 
Primary products from the smelter and mill 
included copper, zinc, arsenic, and cadmium. In 
1910 the Anaconda Copper Mining Company 
acquired the property. Zinc smelting and refi n-
ing activates continued until the early 1970s. In 
1977 AR purchased the Anaconda Copper Min-
ing Company and continued to refi ne copper 
and zinc onsite until the plant’s closure in 1980 
(EPA, 2017d). Eighty years of operations gener-
ated millions of tons of slag and tailings, many 
of which were dumped into the Missouri River 
until 1915, when waste started being deposited 
onsite. The smokestacks ejected lead, arsenic, 
and other metals, depositing them on the site 
and the surrounding neighborhoods. In 2011 
the EPA placed the AMC Smelter and Refi nery 
on the Superfund National Priority list (EPA, 
2017d). 

The Black Eagle Smelter site was identi-
fi ed as an area of interest for rare earth element 
sampling by the MBMG, and sampling was 
conducted in March 2023. Groundwater sam-
ples were collected from wells at various depths 
across the site with the assistance of AR’s con-
tractor Woodard & Curran. Several groundwater 
seeps on the site were targeted, but were frozen. 
A second sampling eff ort in May 2023 collected 
samples from the seeps, along with some ad-
ditional wells of interest. Data from collected 
samples are shown in tables 3-37 and 3-38.

Table 3-37. Black Eagle Smelter/Great Falls—rare earth element 
and germanium statistics.
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3.9 Columbus/Stillwater Mine Smelter

Two ore types from the Stillwater Complex, lo-
cated south of Columbus near the town of Nye, have 
been shipped to Columbus for processing. Chromite 
ore was processed and shipped to a site near the rail 
line from the late 1950s to early 1960s; ore containing 
platinum group metals from both the Stillwater Mine 
and the East Boulder Mine was sent to the Stillwater 
smelting complex in Columbus for processing begin-
ning in 1990 (Sibanye, 2024).

3.9.1 Columbus/Mouat 

Columbus is home to the 4.5-acre Mouat In-
dustries Superfund cleanup site. Mouat Industries 
processed chromite ore from the Stillwater Min-
ing Complex from 1957 to 1962 (EPA, 2017c). The 
mine waste, containing sodium chromate and sodium 
dichromate, leached into the soil and groundwater. So-
dium dichromate spills also occurred as part of facility 
operations, further contaminating the site. Cleanup 
began in 1990 and was completed in 2008. Ground-
water samples were collected on July 19, 2023 (tables 
3-39, 3-40. 

3.9.2 Stillwater Mine Smelter

Columbus, Montana is home to the Columbus met-
allurgical complex, which is a smelting and refi ning 
facility for the Stillwater mine (fi g. 3-13). The facility 
has been processing platinum group elements (PGMs) 
since its opening in 1990, with over 1 million oz being 
produced in 2022 (Stillwater, 2024). The site receives 
ore from the East Boulder and the Stillwater mines, 
both located on the JM-Reef. With the high REE 
content in the JM-Reef and the large amount of ore 
being processed, this site was an optimal reconnais-
sance sampling location. Samples were taken on June 
13, 2023 from the incoming concentrate as well as 
the slag that is produced as waste. Assay results of the 
Stillwater smelter samples and Mouat samples can 
be found in fi gure 3-14 and tables 3-41 and 3-42.

Figure 3-13. The inside of the Sibanye–Stillwater Columbus 
smelter concentrate receiving area.

Figure 3-14. REE concentration percentages for every solid 
sample taken from the Stillwater smelter. Elements with 
less than 1% concentration were removed.

Table 3-39. Columbus/MOAUT monitoring wells—rare earth 
element and germanium statistics.
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3.10 Zortman–Landusky

The Zortman and Landusky mines are two open pit 
mining operations encompassing 1,200 acres within 
the Little Rocky Mountains (fi g. 3-15, Mitchell, 2004). 
The area has been mined since 1890, when rich gold 
and silver veins were discovered. Mining ceased in 
1998 and the cleanup eff orts began to try and stop the 
pollution of groundwater and surface water to the Fort 
Belknap reservation and surrounding areas. In 1999 
the plant operator went bankrupt, and the cleanup fell 
to the State and Federal governments. Sampling in-
cluded 18 samples: 3 from waste piles and 15 aqueous 
and sludge samples from the water treatment plants. 
These samples were sent to ALS and WVU for assay; 
the results are presented in fi gures 3-16 and 3-17 and 
tables 3-43 through 3-48.

Figure 3-15. The discharge from the Zortman–Landusky 
bioplant.

Figure 3-16. REE concentration percentages for every 
solid sample taken at Zortman–Landusky that was ana-
lyzed by ALS. Elements with less than 1% concentration 
were removed.

Figure 3-17. REE concentration percentages for every 
aqueous sample taken at Zortman–Landusky. Elements 
with less than 1% concentration were removed.

Table 3-43. Zortman–Landusky, aqueous samples—Rare earth element and 
germanium statistics.
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Table 3-46. Zortman–Landusky, solids samples (WVU)—rare earth element and germanium 
statistics.

Table 3-47. Zortman–Landusky, solids samples (ALS)—rare earth element and germanium 
statistics.
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3.11 Flat Creek 
The Flat Creek–Iron Mountain mine is located 

near Superior, Montana in Mineral County. The mine 
operated for 27 years, with stints from 1909 to 1930 
and 1947 to 1953. During the mine’s operation it 
produced 7,535,084 lbs of zinc, 5,385,741 lbs of lead, 
5,274 lbs of copper, and 389,355 fi ne oz of silver 
(Mineral Independent, 2016). The mine was originally 
operated by The Iron Mountain Mine and Mill, with 
ownership switching to ASARCO. In the year 2000, 
heavy rains following a 9,000-acre forest fi re caused 
mine waste and tailings to fl ow into Flat Creek. Fol-
lowing the contamination of Flat Creek, ASARCO 
fi led for bankruptcy in 2009 and the site was added to 
the Superfund list, with cleanup beginning in 2013. 
On June 22, 2023, 21 solid samples were collected and 
sent to ALS for assay (fi g. 3-18). The assay results can 
be found in tables 3-49 and 3-50. Figure 3-19 shows 
REE percentages based on the average of concentra-
tions for all 21 samples collected.

Figure 3-18. Reclamation of the contaminated soil in Flat 
Creek, Superior, Montana.
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Figure 3-19. REE concentration percentages for every 
sample taken at Flat Creek, including germanium. Elements 
with less than 1% concentration were removed.

Table 3-49. Flat Creek tailings—rare earth element and germanium 
statistics.
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3.12 Neihart Mining District (Barkers/Hughesville)
The Neihart mining district, located in the Little 

Belt Mountains, encompasses 9,000 acres around 
Neihart, MT (Barkers/Hughesville; fi g. 3-20). Mining 
initially began in the 1890s with the discovery of sil-
ver and lead rich ores. Over $17 million of silver and 
other minerals were extracted from 96 known mines 
until the end of mining in the area in 1945 (Western 
Mining History, 2024a). Acid drainage from the mines 
polluted nearby creeks and groundwater. This site 
was added to the Superfund list in September 2001. 
The excessive amount of mine waste made it a target 
for the ARL project; EPA and U.S. Forest Service 
helped with site access. On September 25, 2023, 24 
solid samples and 7 aqueous samples were collected 
from the district. The samples were sent to WVU 
and ALS for assay. The assay results can be found in 
tables 3-51 through 3-54. Figures 3-21 and 3-22 show 
the average REE concentration for solid and aqueous 
samples, respectively.

Figure 3-20. A large waste rock dump on the mountains 
near Neihart, Montana.

Figure 3-21.  REE concentration percentages for every 
solid sample taken in the Neihart Mining District. Elements 
with less than 1% concentration were removed.

Figure 3-22. REE concentration percentages for every 
aqueous sample taken in the Neihart Mining District. Ele-
ments with less than 1% concentration were removed.
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Table 3-52. Barkers/Hughesville, aqueous samples—rare earth 
element and germanium statistics.
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Table 3-53. Barkers/Hughesville, solids samples—rare earth element and germanium statistics.
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4.0 SUMMARY

Task 4 year 1 fi eld activities focused 
on the collection and analysis of solid 
and aqueous samples based on the initial 
site list and sites added throughout the 
year. Samples were collected at 12 of 
the 23 sites, with a total of 392 samples 
collected. Much of the sampling occurred 
at sites with active Superfund and other 
mine closure monitoring activities; how-
ever, some sampling occurred at active 
mine operations (e.g., Montana Resourc-
es active Butte mining operations).

Sample results showed REE present 
in all of the samples collected; however, 
concentrations vary considerably between 
sites and waste sources (fi gs. 3-23–3-
26). REE concentrations were higher 
in surface-water and groundwater sites 
where pH values were less than or equal 
to 4.0. Sludge and solid samples with the 
highest REE concentrations were from 
sites treating acid mine water with lime, 
which concentrated REEs contained in 
the waste sludge.

Reconnaissance sampling will con-
tinue during year 2 of the study, and that 
data combined with year 1 results will be 
used to identify sites with elevated REE 
concentrations for further, more detailed 
sampling.
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Figure 3-23. Average total REE concentrations per solid sample site for 
samples below 200 mg/kg. The red line represents the average REE 
concentration in Earth’s crust, which is about 206 mg/kg.
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Figure 3-24. Average total REE concentrations per solid sample site for 
samples below 200 mg/kg. The red line represents the average REE 
concentration in Earth’s crust, which is about 206 mg/kg.
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Figure 3-25. Average total REE concentrations per aqueous sample site 
below 100 μg/L.
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