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Case Studies

Figure 1—The Elkhorn Mine is in the Elkhorn Creek drainage south of Wise River, MT. The surrounding area is generally small, swampy valleys
separated by steep valley walls.

TT wo sites in southwestern Montana
were selected for investigation using
basic information and personnel

whose expertise is commonly available
to most national forest ranger districts.
The three areas of investigation for the
case studies were hydrology and hydro-
geology, soil and vegetation, and geology.
The sites were chosen because both had
existing water quality data, they differed

in their geologic setting, and they repre-
sented a range in the size of the mine
and the quantity of adit discharge. The
emphasis in both case studies was to use
existing information and moderate-level
field reconnaissance to understand the
nature and extent of the adit-discharge
problem. The objective of the studies was
to apply basic information and evaluate
the potential for source controls to
reduce the adit discharge.

The Elkhorn Mine and
Mining District

Introduction
The Elkhorn mining district is on patented
and unpatented mining claims and on land
administered by the Beaverhead-Deer-
lodge National Forest in T. 4 S., R. 12 W.,
sec. 14 (tracts AADD), and sec. 11 (tracts
DDDB) near the ghost town of Coolidge,
MT (figure 1). The lower (or 1,000-foot-
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Figure 2—The Elkhorn Mine is one of several mines in the area. The lower Elkhorn workings extend toward the upper Elkhorn Mine and the Park
Mine. The map shown is a composite sketch based on unpublished maps in the Montana Bureau of Mines and Geology mineral property files.

Case Studies

level) adit discharges a bright-orange,
iron-stained discharge that flows into Elk-
horn Creek. An upper camp (or 300-foot
level) at Elkhorn has a small discharge
that infiltrates into the ground. This upper
camp is located on the former Idanha
unpatented mining claim and is referred
to as the Idanha tunnel. It produced much
of the ore processed at the mill. The Park
Mine lies on the same side of the drainage
divide as the Elkhorn Mine and may be
hydraulically connected to the Elkhorn
workings.

History
The mining district was first worked from
1872 to 1874. The first 50 feet of shaft
produced 15 tons of high-grade ore that

contained 500 to 800 ounces of silver per
ton and 15-percent copper. Many of the
early workings were prospects, shallow
shafts, and short adits. After a period of
inactivity from 1893 to 1906, the mine
was operated by the Boston-Montana
Development Co., which consolidated
the claims, built a narrow-gauge railway,
extended the high-tension electric line to
the mine, built a 750-ton-per-day mill, and
significantly developed the underground
workings that included the upper and
lower adit. Production from the Elkhorn
mining district was estimated at 851,725
pounds of lead, 4,100 pounds of zinc,
370,799 pounds of copper, 180,843
ounces of silver, and 1,013 ounces of
gold.

Geology
Ruppel and others (1993) reported that
the ore is hosted in Late Cretaceous or
Tertiary granitic rocks associated with the
Pioneer Batholith. One set of veins strikes
N. 50° E. and dips 65° to 85° SE. The
other minor set of veins strikes generally
east-west and dips steeply to the north
(Evans 1946). Vein minerals included
quartz, pyrite, tetrahedrite, galena, sphal-
erite, chalcopyrite, and molybdenite.

The two main veins, the Park and Idanha,
are coincident with a general north-south
trend of mineralized faults in the area.
Two large faults, the Mono and Comet,
were mapped along with the workings
(figure 2). Both the upper Elkhorn and
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Figure 3—The discharge from the lower Elkhorn Mine adit ranges from 80 to 135 gallons per
minute. The discharge stream eventually reaches Elkhorn Creek, a tributary to the Wise River.

Sample Iron Sulphate Aluminum Arsenic Cadmium Copper Nickel Lead Zinc
date pH (mg/L) (mg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L)

9/09/96 4.83 1.6 130 851 4.0 21.5 1,115 4.2 66.9 3,812

11/25/98 6.11 0.04 111 <30 4.20 12.6 264 5.8 <2.0 2,380

6/02/99 5.88 0.316 105 110 4.01 10.2 381 <2.0 16.3 3,520

7/30/99 5.52 0.334 103 360 3.44 17.2 526 2.2 80.2 2,860

9/02/99 5.61 1.490 118 232 3.29 14.9 483 2.4 36.9 2,810

10/05/99 6.17 0.309 103 126 3.39 13.1 283 2.6 7.8 2,380

11/09/99 6.06 0.193 103 108 3.36 11.9 263 2.5 9.8 2,390

Table 1—Selected water quality data for the lower adit discharge of the Elkhorn Mine. Bold text
indicates that water quality standards have been exceeded.

Elkhorn Mine Water Quality Data

Park Mines are within the graben (depres-
sion between two parallel faults) formed
by the faults. Drifts branching off the main
tunnel of the lower Elkhorn breached the
Comet fault at least twice. The Comet
fault trends north-south along the eastern
border of the mineralized zone. It passes
near the portal of the 300-foot level and
dips 45° NW. The Mono fault is 1,200 feet
east of the Comet fault. The Mono fault
dips east 45° and makes a sort of trough
or graben with the Comet fault. There is
minor movement or displacement on the
Mono fault. In addition to the two major
faults, several other faults are described
in the geology of the mines. There is a
300-foot-wide zone of fracturing. According
to Evans (1946), the geology of the rock
is simple (granitic or quartz monzonite),
but the area is structurally complex. The
mineralized zone was reported to be 3,000
feet wide by 7,000 feet long. Throughout
this zone is a network of “compact inter-
related system of fissures” (Evans 1946).
These fissures may be a source of water.

Environmental Conditions
The site was identified in 1998 by the
Montana Bureau of Mines and Geology
and the Forest Service as having several
potential environmental impacts to water
and soil (Marvin and others 1998). At the
lower site on Elkhorn Creek, the adit was
discharging over 100 gallons per minute
of poor-quality water. Additional flow and
chemistry data were collected from the
lower adit in 1998 and 1999. The concen-
tration of several dissolved constituents
in the main adit discharge (figure 3) ex-
ceeded secondary and primary drinking
water standards as well as acute and
chronic aquatic life criteria (table 1).

The Park Mine is also associated with the
Boston and Montana group of mining
claims forming the Elkhorn mining district.
The mine is included in this investigation
because the workings of the Elkhorn Mine
extend toward the Park Mine. Loen and
Pearson (1989) listed the mine as being
associated with the Cretaceous grano-
diorite or quartz monzonite of the Pioneer
Batholith. Winchell (1914) stated that the
Park Group’s fissure veins are 20 to 30
feet thick, striking northeast and dipping

75° NW. He said the veins are associated
with aplite dikes in the quartz monzonite.
One sample taken by the U.S. Bureau
of Mines (1995) ran 3.8 ounces per ton
gold, 0.67-percent copper, 2.7-percent
lead, and 3.9-percent zinc. Another ran
0.07 ounces per ton silver, 4.7 ounces
per ton gold, 0.17-percent copper, 0.59-

percent lead, and 0.60-percent zinc. A
third sample ran 1.05 ounces per ton gold,
a fourth ran 5.8 ounces per ton gold, and
a fifth ran 2.6 ounces per ton gold—all
with minor copper, lead, and zinc. Work-
ings at the site consist of two adits, three
shafts, and several small prospects. They
are presently flooded. At certain times of
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Iron Sulphate Aluminum Arsenic Cadmium Copper Nickel Lead Zinc
pH (mg/L) (mg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L)

9/12/96, at adit discharge

6.4 0.55 19.5 <30 2.1 <2 47.3 <2 21.9 348.6

9/12/96, upstream of mine

6.1 0.14 2.8 <30 <1.0 <2 <2 <2 <2 12.7

Table 2—Selected water quality data for the adit discharge at the Park Mine. Bold text indicates
that water quality standards have been exceeded.

Park Mine Water Quality Data

the year, the area has standing water in
many of the depressions resulting from
mining. Table 2 presents selected water
quality data for the Park Mine.

Underground Workings
The Elkhorn Mine has been described
as consisting of 15 miles (almost 80,000
feet) of tunnels (in a Montana Bureau of
Mines and Geology mineral property file),
40,000 feet of tunnels (Sassman 1941),
or 24,000 feet of workings on two levels—
each exploiting a large vein (Evans 1946,
Geach 1972). The discrepancy reflects
the reliance on company records and
promotional articles. Unpublished maps
in the Montana Bureau of Mines and
Geology files are probably incomplete,
but they do give some indication of the
extent of the workings. A compilation of
these maps (figure 2) shows workings
extending from the main adit of the lower
Elkhorn Mine to the upper Elkhorn Mine
west of the main adit, and toward the
Park Mine southwest of the main adit.
Only a small amount of information is
available on the underground workings
for the mine. There was no information
indicating that the workings of the Elkhorn
Mine had reached the workings of the
Park Mine. The No. 1 raise, a 700-foot
working, was driven from the 1,000-foot
level through the Idanha vein system to
the 300-foot level (Evans 1946). It was
reported to be open and in good condition
in 1946. A 400-foot level and an 800-foot
level were driven off of this raise. These
workings not only may serve as conduits
for water, but also may serve as storage
reservoirs.

Unpublished reports from the time the
mines were operating described the con-
ditions encountered in the mine. Informa-
tion gleaned from the Montana Bureau
of Mines and Geology mineral property
files found reference to water in the
workings from the early days of mining.
The shaft at the upper Elkhorn was
“unwatered” as early as 1909 to allow
work in the mine to resume (Montana
Bureau of Mines and Geology mineral
property file, no author, no date). The
2,300-foot-deep shaft was full of water
to within 250 feet of the mouth. Evans

(1946) stated that workings were “sunk
as deep as excessive flows of water would
permit.” W.R. Butler (no date) mentioned
an 8- by 7-foot tunnel driven to access
the veins that had been worked from
above (this would be the lower Elkhorn
adit). The 300-foot level and the 1,000-
foot-level tunnels were not only drilled to
develop the ore bodies, but also to drain
the workings. Of at least 24,000 feet of
tunnel at the Elkhorn Mine, 10,000 feet
were on the 300-foot level and 14,000
feet or more were on the lower, 1,000-
foot level. The report says that develop-
ment “served to drain all the vast area
above the 1,000-foot level and to dry up
the water in many of the vein fissures.”
The same report describes the “excessive
downpours of water over the stopes.”

A report on the Park Mine (Dickman 1913),
stated that groundwater in the mine “has
proven an obstacle to development by
shaft work.” This report describes the
mineralization filling “breaks” or fissures
in the host rock. These fissures trended
east-west and northwest-southeast. A
third set of fissures were crosscutting.
These fissures were a series of faulted
and mineralized zones. The report does
not state that these are water-bearing
openings, but there is a strong possibility
that they are.

These references to water in the workings
as they were being mined leads to the
conclusion that the flooding and subse-
quent discharges in the Elkhorn mining

district are directly related to groundwater
flow along the numerous faults and
fractures in the area. Controlling the
discharge through surface remediation
may not be feasible.

Mine Discharges
The discharge from the lower adit at the
Elkhorn Mine was monitored over a period
of about 1 year. The discharge ranged
from a minimum of about 80 gallons per
minute to a maximum of about 135 gallons
per minute during the period of record
(figure 4). The greatest discharge occurred
in May and June during snowmelt and
spring storms. Discharge generally
declined throughout the rest of the year.
Field parameters such as temperature,
pH, and specific conductivity (SC) show
some seasonal trends, particularly in the
spring months. Water temperature is
lowest in late winter. The annual range
in temperature is less than 2 degrees
Celsius, suggesting a deep groundwater
flow source. Overall, water quality ap-
peared to be best just before the spring
snow melt and poorest during higher
flows. The range of values throughout
the year is small.

A second, much smaller adit south of the
lower Elkhorn Mine discharged about 3
gallons per minute. With one exception,
the discharge showed little variation
based on four visits at various times of
the year over a period of 2 years. In the
late summer of 2000, a particularly dry
year, there was no discharge.
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Figure 4—Discharge from the main adit of the lower Elkhorn Mine ranged from 80 to 135
gallons per minute over the period of record.
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Figure 5—The upper Elkhorn shaft/adit (center of photo with lumber over it) discharges a small
amount of water throughout the year.

The upper Elkhorn Mine adit discharge
(figure 5) ranges from less than 1 gallon
per minute to about 5 gallons per minute.
As with the smaller adit at the lower Elk-
horn Mine, this site was measured four
times over a period of 2 years. Water
from the area drains through the waste-
rock dumps and down a small tributary.
A second adit in the area of the upper
workings does not show any evidence
of discharge at any time of the year.

The workings of the Park Mine are near
the head of a small tributary of Elkhorn
Creek. A flooded shaft and several cuts
and prospect pits are flooded throughout
the spring and during most of the summer.
A spring originates near the surface work-
ings and flows throughout the workings
most of the year (figure 6).
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Figure 6—The workings at the Park Mine include a flooded shaft and several flooded cuts and
prospects. The area is especially wet during snowmelt, but the workings are flooded
throughout the year.

Surface Water
Springs that were apparently unrelated to
mining activities were found throughout
the area around the upper and lower
Elkhorn Mines and the Park Mine (figure
7). The largest spring originates on the
scree slope between the upper and lower
Elkhorn Mines and flows onto the waste-
rock dump of the lower adit. During the
spring months, this spring flowed more
than 20 gallons per minute, but it was
dry by late summer during the 3 years
of observations. The other springs had
much lower flows. By late summer, many
springs were dry and none was found to
flow more than about 1 gallon per minute.
Field chemistry (pH, specific conductance,
and temperature) was unremarkable. All
of the springs had nearly neutral pH and
low specific conductivity (less than 50
micromhos per centimeter). A visit in late
2000 found springs and wet areas paral-
leled the west side of the Elkhorn Creek
drainage at a consistent elevation. They
were apparent at the toes of the scree
slopes that commonly formed on the west
side of the valley.



16

Case Studies

Figure 7—Adits at the upper and lower Elkhorn Mine—as well as shafts and cuts at the Park Mine—discharge water. Symbols indicate the approxi-
mate location and direction of flow for the larger springs. Sustained surface-water flow (measured in gallons per minute, gpm) near the adits is
also indicated.

Regional Structure (Aerial
Photographs)
Two sets of aerial photos were interpreted
for the Elkhorn area: a black-and-white
set taken from high altitude (at 1:24,000
scale) and a set of color photos at a larger
scale (about 1:48,000). The smaller scale
photographs were more useful for map-
ping the regional structures in the area.
A large north-south structure (figure 8)
was inferred to pass between the lower
and upper Elkhorn Mines. That structure
would correspond with the Comet Fault
as shown on the unpublished map in the

Montana Bureau of Mines and Geology
mineral property files. A lineament was
drawn east-west through the lower Elk-
horn workings that may reflect the vein
system. Areas showing a sudden change
from upland vegetation to vegetation
indicative of wet environments were also
mapped on the aerial photos. The regional
structures at the Elkhorn area extended
thousands of feet. Aerial photos at com-
monly available scales were of limited
use in mapping the smaller structures in
the area. When known geology was
transferred to the aerial photos, the large

structures could be discerned, but it was
difficult to pick them out when the geology
was unknown.

Characterization and
Mapping of Riparian Areas
and Wetlands
Wetland and riparian sources of ground-
water entering mine workings can be
identified using several levels of mapping
intensity. These include remote sensing,
field verification and delineation, and
physical and chemical characterization

LOWER ELKHORN
MINE

UPPER ELKHORN
MINE

Discharging adit
(~3 gpm)

Discharging
adit (~5 gpm)

Most
springs
flow into
talusPark Mine—several 

flooded cuts/shafts

Discharging adit
(~120 gpm)

D
ivid

e

Drainag
e

LOWER ELKHORN
MINE

UPPER ELKHORN
MINE

Discharging adit
(~3 gpm)

Discharging
adit (~5 gpm)

Discharging adit
(~120 gpm)

Most
springs
flow into
talusPark Mine —several 

flooded cuts/shafts

Base map USGS 7.5' topographic
quadrangle Elkhorn Hot Springs.

Contour interval: 40 feet.

Scale

0 1⁄4 1⁄2 Mile



17

Case Studies

Figure 8—Several faults have been mapped in the Elkhorn Mine area. Solid lines indicate faults
mapped previously and documented in published and unpublished reports. Dashed lines
indicate lineations (fractures).

of the hydrological features of the study
area. Depending on time and funding
available for identifying the source areas,
various levels of these methods may be
preferred. The discussion that follows
summarizes a full study (McBride 2002).

Office Procedures
The assessment area for the riparian and
wetland characterization was designed
to follow roughly the 7,600-foot-elevation
contour; 7,600 feet is the approximate
elevation of the lower workings of the
Elkhorn Mine. Lands higher than 7,600
feet were presumed to be potentially con-
tributing groundwater to the underground
mine workings through bedrock fractures.

Some subjective judgment was used to
adjust the assessment area boundary,
based on broad landscape drainage pat-
terns. The assessment area encompasses
about 12,000 acres, extending about 2
miles north of the Elkhorn Mine area,
4.5 miles to the west, and 4 miles to the
south. This large area ensured that all
potential sources of water were included.
It is unlikely that locations farthest from
the mine are contributing groundwater to
the mine’s underground workings.

The characterization and mapping of ripar-
ian and wetland areas included stereo-
scopic review of standard 1:16,000-scale
color aerial photography, commonly called

resource photography in the National
Forest System, as well as field documen-
tation of soil profiles, soil moisture status,
plant species, plant associations, slope
hydrology, and landforms.

The initial stereoscopic review of aerial
photographs was used to select sampling
sites that would be representative of
various combinations of vegetation, soil
parent material, landforms, and landform
positions observed on the photos. In the
photos, nearly all of the sites that were
selected appeared to be moderately wet
or wet near the surface. About 10 to 15
sampling sites were located to represent
each unique combination of vegetation
type, landform, soil parent material, and
landform position to characterize the
variability of the soils, vegetation, and
hydrology.

Field investigations documented these
sites as well as others that would provide
useful information. After field operations,
these landscape and ecological parame-
ters were formulated into map units that
represent a unique combination of features
that recur in patterns across the assess-
ment area. The map units were designed
to keep variability low and to be different
enough to allow meaningful map unit
interpretations.

The assessment area was satisfactorily
characterized and mapped using a total
of seven map units. Once these map
units had been described, a stereoscope
was used to produce a preliminary map
of the assessment area on clear acetate
overlain on the color aerial photos. Based
on field data and a review of these pre-
liminary riparian/wetland delineations,
adjustments were made to the character-
izations of the map units. A followup step
in this iterative process was to correct the
delineations on the aerial photos. These
delineations were transferred to a clear
acetate film registered to a paper black-
and-white orthophoto that included all of
the assessment area. This orthophoto
was retrieved in digital format from the
Natural Resource Information System
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Figure 9—A portion of the riparian and wetland map unit delineations for the Elkhorn Mine study
area (see appendix B for the detailed map unit descriptions).
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database at the Montana State Library in
Helena, MT. The digital file was printed
at 1:24,000. This paper map became the
base map for the transferred polygon
delineations. The orthophoto allowed the
riparian and wetland polygon lines to be
located precisely on a base corrected for
distortions. The acetate map of these
polygons was scanned. Map unit symbols
were added to provide digital files for the
project’s final report. Locations of field
sampling stops and discharge or recharge
areas also were mapped and scanned.

Field Investigations
A total of 102 field sites were documented.
Nearly all of the sites were in areas with
moderately high to high water tables at
some time during the growing season.
The soil profile and soil moisture conditions
were characterized on 60 of these sites.
Soil was excavated with a shovel, or
where feasible, samples were retrieved
using a hand-operated soil auger. Depth
of sampling depended on site character-
istics and site-specific data needs.
Typically, soil was sampled from 12 to 40
inches deep. Soil-related data included
horizon designations, textures, clay
content, color, redoximorphic features
(Vepraskas 1992, USDA NRCS 1998),
soil moisture status, and the depth to
saturated soil. Not all parameters were
determined at each site.

Data collected on vegetation included
dominant and characteristic plant species
and the potential natural plant community
(referred to as plant associations). Other
field data collected included slope, aspect,
pertinent landform or landscape features,
and whenever feasible, latitude and longi-
tude determined with a GPS receiver. The
data collector also made observations of
slope hydrology, including determinations
of water discharge out of the soil (to
become surface water) or recharge into
the soil (to become groundwater). Rough
visual estimates of flow rates of small
perennial and intermittent streams also
were noted. About 40 sites were assessed
for hydrologic conditions. In addition, 15
determinations of the pH of stream and
pond water were made using a field meter.

Mapping Results
Three digital map layers were produced
from the field data and aerial photo
interpretations:

� A layer with polygons of seven map
units that partition the area into distinct,
relatively homogeneous ecosystems
based mainly on soil wetness and
natural vegetation (figure 9).

� A layer showing locations of ground-
water discharge, recharge, and of
complex patterns of discharge and
recharge. As used here, discharge
refers to groundwater becoming sur-
face water as typically occurs along
streams, seeps, and springs. Recharge
occurs where surface water becomes
groundwater. Because of the large
size of the assessment area, some
discharge or recharge areas were not
inventoried in the field.

� A layer showing the locations of all
field sampling points.

These three layers can be overlain on the
geologic structure layer to help locate
potential connections of groundwater or
surface water with the mine’s underground
workings. Appendix A has detailed descrip-
tions of the map units.

The map of riparian and wetland ecolog-
ical units shows that much of the assess-
ment area has soils that are saturated to
the surface or to within a few inches of
the surface at some time during the year.
These wet areas are generally associated
with valley bottoms, alluvial basins, stream
headlands, and pitted glacial deposits
(see appendix A).

Discharge and Recharge
Areas
Most of the riparian and wetland areas
are associated with groundwater discharge
in which the groundwater becomes surface
water associated with streams, seeps, and
springs. During the latter part of the grow-
ing season, some areas have complex
patterns of alternating discharge and
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recharge. Although these patterns are not
documented, these areas are likely to be
dominated by discharge during the wetter,
early part of the growing season and
during snowmelt. Indications of 10 sites
of discharge, 12 sites of recharge, and
8 sites of complex discharge and recharge
were observed in the study area.

This study focuses on the recharge areas
as potential contributors of groundwater
to the mine’s underground workings. Of
particular interest are a few areas near
the mine workings. One site is the partially
collapsed portal of the Park Mine in the
southwest corner of section 14. Standing
water occurs at a depth of about 20 to
25 feet in the vertical opening. Another
excavated depression has a couple of
feet of standing water. The small grassy
meadow to the east of these sites has
several ditches that apparently were con-
structed to divert water away from the
downslope shafts and workings, possibly
for domestic use at the cabin sites in the
meadow (stop 29 on the maps and in the
notes of the project file at the Montana
Bureau of Mines and Geology). One of
these ditches runs roughly along the
contour at the top of the meadow heading
north-northeast. Near the north edge of
the meadow, this ditch enters a drainage-
way that flows into the Elkhorn valley
below. The increased flows from this ditch
have destabilized the old channel, leading
to considerable erosion and sediment
deposition. It appears that at least some
of this drainage water becomes ground-
water about 300 to 400 feet from the edge
of the park before it heads down the very
steep glacial trough wall of Elkhorn valley.
At this point, the Elkhorn Mine adit portals
are only about 1⁄3 mile away.

Along the upper reaches of St. Louis
Gulch, the workings of a remote, small,
collapsed mine was observed. At the
time, a trickle of water was draining from
the collapsed opening. After flowing about
30 feet, this trickle disappeared into the
ground. The pH of the surface water was
4.2. The water was depositing bright red
iron coatings on the soil and rocks of the
channel.

Water Samples
The pH of surface water of the lower adit
and various locations in Elkhorn Creek
was collected on Aug. 30, 2002 (table 3).

These data indicate that the lower adit
water is 10 times more acidic than Elkhorn
Creek water that is unaffected by the adit
discharge. The adit water lowers the pH
of Elkhorn Creek from 7.1 to 6.8, and 6.5
downstream of the junction with the adit
discharge. The pH values of the adit
discharge water are higher than those
reported in a previous Montana Bureau
of Mines and Geology report in which the
discharge water had a pH of 4.8, com-
pared to a pH of 6.1 in 2002. The use of
a relatively inexpensive field pH meter
for these field samples may account for
some—but probably not all—of this
difference.

Charter Oak Mine Site

Introduction
The Charter Oak Mine (figure 10) and
nearby mill, T. 9 N., R. 7 W., sec. 36
(tracts CCB), are on land administered
by the Helena National Forest along the
Little Blackfoot River south of Elliston, MT.
Although the Charter Oak Mine’s mill tail-
ings and some waste have been removed
and placed in a repository, two small adits

continue to discharge. The southernmost
adit’s discharge has been monitored. The
levels of many metals exceed water quality
standards. The discharge contributes

arsenic, cadmium, copper, zinc, and
other metals to the environment. Methods
by which the flow could be reduced, if
not eliminated, were considered.

History
From 1916 to 1966, the mine and mill
intermittently produced 9,127 tons of ore
that yielded 382 ounces of gold, 39,146
ounces of silver, 10,041 pounds of copper,
672,046 pounds of lead, and 168,270
pounds of zinc (McClernan 1976).

Geology
The dominant rock type at the Charter
Oak Mine is an andesite that hosts two
main veins: one, at least, is vertical; the
orientation of the other is unknown (Par-
dee and Schrader 1933). These veins
are referred to as the front and back veins.
Mineralization consists principally of
argentiferous galena and boulangerite
(a lead-antimony sulfide) (Pardee and
Schrader 1933) along with arsenopyrite,
sphalerite, and plumbojarosite in quartz.
McClernan (1975) reports 300 feet of
underground workings were accessible in
1968. A northwest-trending drift split as
it encountered the northeast-striking, 88
degrees southeast-dipping, fault-controlled
vein. Elliot and others (1992) say that five
adits were driven along shear zones in

Surface water Redox Temperature
Location of discharge pH (millivolts) (°F)

Adit discharge water within several feet 6.1 +129 45
of the entrance

Adit discharge water about 3 feet before 6.1 +176 68
entering Elkhorn Creek

Elkhorn Creek about 6 feet upstream of 7.1 +220 62
the junction with the adit water

Table 3—The pH of surface water at the lower adit of the Elkhorn Mine. Redox is the reduction-
oxidation potential of the water.

Surface Water pH at Elkhorn Mine
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Figure 10—The Charter Oak Mine in the lower reach of the Little Blackfoot River south of
Elliston, MT, is one of several mines and prospects in the area.

Cretaceous andesite. A major northeast-
trending fault known as the Dog Creek
Fault parallels the Little Blackfoot River
and Hat Creek to the southwest (Schmidt
and others 1994). The southeast block
has only 427 feet (130 meters) of down-
ward displacement. Movement postdates
the Elkhorn Mountains volcanics but
predates the younger volcanics to the
southwest.

Environmental Conditions
The mine and mill were identified in 1998
by the Montana Bureau of Mines and
Geology and the Forest Service as having
several potential environmental impacts
(Hargrave and others 1998). Additional
flow and chemistry data were collected
from the lower adit in 1998 and 1999. The
concentration of several dissolved con-
stituents in the lower (west) adit discharge
exceeded secondary and primary drinking-
water standards as well as acute and
chronic aquatic life criteria (table 4). The
main adit discharge and the small stream
flowing through the site also exceeded
several standards but generally had much
better water quality.

Underground Workings
The area immediately around the mine
is steep and covered with trees. Above
the mine, bedrock crops out and talus
slopes are common. The mine has at
least six adits, but only the lower two adits
discharge water (figure 11). A third adit,
the Kineo vein and drift, may contribute
water to the unnamed tributary that has
been partially reclaimed. Seeps emerge
from the northeast side of the unnamed
tributary but it was not evident whether
they were the result of a buried adit
discharge.
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Sample Iron Sulphate Aluminum Arsenic Cadmium Copper Nickel Lead Zinc
date pH (mg/L) (mg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L)

West (lower) adit

6/06/95 3.17 51.5 500.0 1,541 4,568 35.1 369 9.2 68 353

11/23/98 2.93 31.5 433.0 2,109 1,450 28.5 287 21.7 34 2,810

6/01/99 3.14 76.6 502.9 2,270 7,210 34.6 555 8.8 145 3,520

6/28/99 2.55 136.0 764.7 3,790 13,000 69.6 1,170 13.4 210 6,680

8/30/99 3.13 64.8 531.9 221 4,170 45.1 608 14.1 84 4,370

10/06/99 2.63 45.4 469.5 2,620 2,340 36.3 454 11.6 53 3,440

11/01/99 2.85 37.6 431.9 2,490 1,670 33.3 419 11.7 40 3,230

East (main) adit

10/6/95 7.86 0.7 450.0 <80 107 <2 2.3 9.4 <2 353

Stream onsite

10/6/95 7.45 0.1 40.0 <80 60 <2 <2 <2 <2 121

Table 4—Water quality data for the Charter Oak Mine. Bold text indicates that one or more
water quality standards were exceeded.

Charter Oak Mine Water Quality Data

Figure 11—Two adits discharge water throughout the year at the Charter Oak Mine and mill
just south of the Little Blackfoot River. A stream originates above the site and flows into the
disturbed area. Springs near the stream flow only during spring and early summer.
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Figure 12—An unpublished sketch map from the Montana Bureau of Mines and Geology files provides some detail of the Charter Oak Mine workings.
Although the map does not follow convention, the orientation of the map was preserved (note north arrow).

The map also shows a shaft at 275 feet
relative elevation. The Kineo workings or
adit (north 55 degrees east-trending) has
about 1,000 feet of drifts and crosscuts.
A fault was noted in the Kineo crosscut.
The same fault was the terminus for the
146-foot-elevation adit and the two drifts
off of the shaft. Raises and stopes helped
to connect the various levels. Between
1904 and 1908, most of the Kineo drift
that followed the vein was driven at a
relative elevation of 130 feet. This adit
correlates with the partially reclaimed
portal to the northeast of the unnamed
tributary that flows to the northeast into
the Little Blackfoot River, south of the
main mine area.

If the notes on the map are accurate, the
workings are shallow—most are less than
200 feet below the surface. As noted, the
mine operated for about 20 years after

Unpublished maps in the Montana Bureau
of Mines and Geology files provide some
indication of the extent of the workings
and their geology. The plan map (figure
12) was drawn at a reported scale of 1
inch equals 30 feet. It conservatively
estimates 2,350 feet of workings on at
least three levels in 1943. Similarly, the
accompanying cross section (figure 13)
shows three or four levels with several
stopes and raises. Four adits on the 1943
map include:

� The lower, discharging adit, trending
south 62 degrees east, southeast of
the mill that was designated as “0.0”
elevation

� One adit at 146 feet relative elevation

� Two adits at 206 feet relative elevation

the date of the maps, so they probably
represent the minimum extent of workings.
The lower discharging adit south of the
unnamed tributary is not shown on the
mine map. The small size of the waste-
rock dump indicates that the tunnel is
fairly short, probably less than 50 feet.

Mine Discharges
The discharge from the lower (west) adit
at the Charter Oak Mine (figure 14) was
monitored with a weir (small dam used
when measuring water flow) and recorder
for about 1 year. The discharge ranged
from a minimum of about 0.4 gallons per
minute to a maximum of about 10 gallons
per minute during the period of record
(figure 15). The greatest discharge
occurred in early May during snowmelt
and storm events. A small portion of the
discharge was due to runoff outside the
portal, but most appeared to come from

Case Studies
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Figure 13—The unpublished work in the Montana Bureau of Mines and Geology files included a cross section of the Charter Oak Mine workings.
The scale of the maps and cross section had to be estimated because they did not include a bar scale.

Figure 14—The lower (west) adit of the Charter Oak Mine discharges 0.4 to 10 gallons of water per
minute. The extent of the workings and their relationship to other workings could not be determined.

Case Studies
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Figure 15—The lower (west) adit of the Charter Oak Mine discharges water throughout the year.
The flow ranges from about 0.4 to 10 gallons per minute.

Figure 16—The main adit of the Charter Oak Mine is just uphill from the mill. A small discharge
flows from the portal (entrance) and infiltrates the coarse material near the portal.

Case Studies

within. The discharge generally declined
through the rest of the year. The rapid
response to snowmelt, and possibly
storm events, suggests a close proximity
to the groundwater recharge area and
fits well with the shallow mine workings
indicated on the sketch maps (figures
12 and 13).

The main (east) adit was not monitored,
but flow measurements were made during
several visits, mostly during late summer
and early fall. Flow from this adit is always
about 10 gallons per minute or less. The
discharge stream disappears into the
scree within a few tens of feet from the
adit. When the adit was reconstructed
in 1999, gravel was used to “bury” the
discharge stream before it exits the portal
(figure 16). It does not resurface.

Surface Water
The workings of the Charter Oak Mine
are well above the floodplain of the Little
Blackfoot River. The only surface water
that is likely to be in contact with the work-
ings is a small unnamed tributary of the

Little Blackfoot River that flows through
the disturbed area. The stream originates
several hundred feet uphill. It flows
through and around several waste-rock
dumps and small pits. This stream’s flow
is a direct function of snowmelt and
storms. Its base flow in the late fall was
estimated to be about 20 gallons per
minute at a point midway through the
disturbed area (figure 17). The stream is
contained within a straight reconstructed
channel with some ponding only in the
disturbed area. Seeps emerge on the
north side of the creek in the recently
reclaimed area. These seeps did not have
iron oxide staining, vegetation appeared
normal, and based on water quality data,
the seeps did not contribute metals to
the creek.

A series of catch basins or trenches have
been bulldozed across the face of the
scree slope into which the workings were
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Figure 17—A small stream originates well above the uppermost workings of the Charter Oak
Mine and flows in a nearly straight path through the disturbed area. Seeps like the one in the
right center are common near the workings. The uppermost adit, the Kineo, is just to the right
of this photograph.

Case Studies

driven. The trenches serve to stop rock
slides from the unvegetated hill above and
limit the formation of erosional channels
down the steep face. One minor result
of the basins formed by these grassy
benches may be the increase of snow
retention. Snow is also caught in the road
cuts on the top and sides of the ridge east
of the mines. The portal areas of the adits
(especially the collapsed area at the
unnamed discharging adit) also provide
an area in which snow may accumulate.

This snow accumulation contributes to
the water available to be discharged.

Aerial Photography
The aerial photos in the area were of
limited use. The volcanic rocks that host
the ore body do not have a strong joint
pattern. The Dog Creek Fault (Schmidt
and others 1994) follows the Little Black-
foot River (figure 18). The trace follows
the valley up Hat Creek to the southwest.
It is the only regional structure that has

been mapped in the immediate area. The
unnamed tributary to the Little Blackfoot
River follows an east-west lineation. Its
course also may be locally fault controlled.
Vegetative changes reflecting the pre-
sence of groundwater are not evident.

Characterization and
Mapping of Riparian Areas
and Wetlands
A brief study of the topography and
possible discharge and recharge areas
indicated that the area adjacent to the
Charter Oak Mine is much smaller and
less complex than the area adjacent to
the Elkhorn Mine. The riparian and
wetland areas associated with the
Charter Oak Mine are primarily down-
gradient from the mine along the Little
Blackfoot River. One unnamed tributary
to the Little Blackfoot River flows through
the area. It may be a direct source of
recharge to the mine. Negro Mountain,
almost a mile away, forms the drainage
divide to the southeast. No other tributar-
ies or possible source areas were detected
from the topographic maps or aerial
photos. A preliminary field investigation
revealed no springs or wet areas on the
slope above the mine. The only catchment
basins were from recontouring to inhibit
erosion on the steep face where the
workings were driven and on exploration
roads high on the hill. These areas held
snow in the late spring, but were not large
enough to be significant. The apparent
simplicity of the drainage, and the lack
of distinguishable wet areas on the aerial
photos, led to the decision to concentrate
time and funding on the more complex
Elkhorn Mine area.
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Figure 18—The Charter Oak Mine is near a small tributary of the Little Blackfoot River. The stream
flowing through the site may be controlled by the lineament (fracture). The mine apparently
explored the Kineo vein as the main source of ore.
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