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Figure 20. The white color and high flow from the Paradise mine make it famous. Several research
investigations have documented the very high aluminum concentration in this water; the bright white
material is an aluminum oxyhydroxide phase (basaluminite) that precipitates from the mine water.

Leach tests were made on three samples from the Paradise
waste dump and one sample from the smaller dump to the west.
The tests of dump waste showed moderate acid generation and
low metal release; the average mine-waste rank for this site is
medium. One sample of red iron floc on the Paradise mine-
waste dump showed high acid generation but low metal release.
A sample of the white aluminum-rich precipitate showed mod-
erate acid generation and low metal release.

The Paradise mine workings are relatively small, judg-
ing from the size of the dumps, and the pH of the water (5.1)
is relatively high. Arguments were made (Nash, 1999a; Mast,
Verplanck, and others, 2000) that most of the water has reacted
with unmined, altered rocks of peak 3,792 m. Steep topogra-
phy and the large volume of altered rocks that make up that
peak (Bove and others, this volume) produce metal-enriched
shallow ground water that can flow into the mine workings or
fractures. One remediation option, sealing the tunnel, would
minimize water contact with mineralized rocks in the work-
ings, but we suspect that water of similar character would be
released along other fractures and that the net improvement in
water quality in Middle Fork Mineral Creek would be small.

Sultan Tunnel

This site (# 266) is unusual for the study area in that
the tunnel and mine workings are in a stock of granitic rock
(Yager and Bove, this volume). The waste dump contains
abundant pyrite, but few base-metal sulfide minerals were

visible. A leach test showed high acid generation, but low
release of copper and zinc; the waste rank is high because of
the large dump size and high acidity. Mine drainage from the
adit has substantial flow, a pH value of 6.2 (quite high), and
moderate copper and zinc concentrations. The mine drainage
is diverted into a simple ditch, which to some extent mini-
mizes the interaction of mine drainage with the dump waste.

Discussion and Conclusions

Comparison with Other Studies of Mine Waste

The study of mines and their waste dumps in the Animas
River watershed study area by Herron and others (Jim Herron,
Bruce Stover, and Paul Krabacher, Unpublished Lower
Animas River reclamation feasibility report, Upper Animas
River Basin, Colorado Division of Mines and Geology, 2000)
included leach analyses of waste materials from more than
130 sites in which leachate solution pH, metal concentrations,
and total acidity were determined. The waste characterization
studies by Herron and others are similar to our studies, and
the rankings are generally similar. Comparison of rankings for
32 sites that both groups studied showed most to be similar,
but rankings were substantially different for some sites. The
discrepancies may reflect differences in sampling or leach
protocols. If the discrepancies influence remediation planning,
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further studies should be made to resolve the rankings in
question. Herron and others (Unpub. Mineral Creek feasibility
investigation report, 1997; Unpub. Cement Creek reclamation
feasibility report, 1998; Unpub. Upper Animas River recla-
mation feasibility report, 1999; Unpub. Lower Animas River
reclamation feasibility report, 2000 ) are the sole source of
information for mine-waste sites that are on private land.

Mine waste from representative mines and mill tailings
in 22 adjoining mining districts on the Colorado Western
Slope were studied by the same techniques as used here (Nash,
2002). Passive leach results for 116 samples from those mining
areas span a larger range than reported here, including more
values that would rank as low in the scale used here. That
study supplements the results described here, and suggests that
release of acid and high concentrations of heavy metals is char-
acteristic of polymetallic mine-waste dumps in the region.

Comparison with Other Studies of
Mine-Adit Drainage

Previous studies of mines on BLM land (Barbara Hite,
unpublished mine land inventory report for the U.S. Bureau
of Land Management, U.S. Bureau of Mines, 1995) and on
USDA Forest Service land (Unpub. abandoned mine land
inventory report, San Juan Forest, Columbine district, CGS,
1997) provide additional descriptions, hydrogeochemical data,
and interpretations that are generally similar to those of this
study. Differences of data or opinion for some specific sites
have been discussed elsewhere (Nash, 1999a, 1999b). Some
of those differences are matters of emphasis placed on metal
concentrations rather than metal loads; the previous studies
tended to emphasize problems of some mine-adit drainages
having high concentrations but discharges of less than 10 L/m,
whereas we emphasized the importance of sites with higher
discharges and higher loads.

The metal-load rankings determined (table 4) are
in fair accord with the results from Herron and others (Unpub.
Mineral Creek feasibility investigation report, CDMG, 1997,
Unpub. Cement Creek reclamation feasibility report, CDMG,
1998; Unpub Upper Animas River reclamation feasibility
report, CDMG, 1999; Unpub. Lower Animas River reclama-
tion feasibility report, CDMG, 2000), but the rankings for
some drainage sites differ substantially. Explanations of the
differences could involve numerous factors, such as time of
sampling, sampling protocol, or analytical methods. Hydro-
geochemical results, discharges, and computed metal loads
vary in time; thus, no single sampling event should be used to
determine remediation strategy.

Mine-drainage water in the headwaters of the
Uncompahgre River and San Miguel River (Nash, 2002),
just a few miles north and west of the Animas River
watershed study area, spans a compositional range that is
similar to the mine-adit drainages described here and includes
some extremely acidic water that is even more metal-rich
than any sampled in our study area. The Western Slope study

(Nash, 2002) included sampling and chemical analysis of
180 surface-water samples; no loads were calculated. The
compositional similarities are especially strong for the mine-
adit drainages in Red Mountain Creek basin, north of Red
Mountain Pass. This area is geologically continuous in the
Red Mountain acid-sulfate alteration system (Dalton and oth-
ers, this volume, Chapter E2; Bove and others, this volume)
and is characterized by acidic springs and very acidic mine-
adit drainage that mimic the springs and mine-adit drainages
of the Prospect Gulch area (Wirt and others, 2001) and the
Koehler tunnel-Carbon Lakes area (Kimball and others, this
volume). Iron-rich mine-adit drainages, natural springs, and
ferricrete deposits continue west from Middle Fork Mineral
Creek into the Howard Fork of San Miguel River in the Iron
Springs mining area near Ophir. A regional pattern of acid,
iron-, copper-, and zinc-rich spring and surface waters radiates
from the Red Mountain complex.

Mine Sources in Relation to In-Stream Loads

Quantification of the amount of contamination from
mine-adit drainages and mine-waste dumps that moves into
streams is difficult. Although great effort was made to sample
inflows to streams, especially in the vicinity of the area’s
inactive mines, the tracer studies of Kimball and others (this
volume) were not able to directly quantify the contributions
from most mines in the watershed. Even for draining mine
adits within a few hundred feet of the streams, the contribu-
tions of loads are ambiguous because the hydrology and
chemical reactions that add or attenuate metals in surface and
shallow subsurface flows are very complex in the setting of
these mines (Kimball and others, this volume). Most of the
mines described here are more than a mile from the major
streams that were characterized by tracer studies, and for them
the contributions are especially ambiguous.

Out of the 40 or so mine sources that we identify as
potentially significant, only a few are close enough to streams
studied by tracer methods to possibly allow quantification of
their contributions. The substantial discharges of contaminated
water from mines such as Bandora, Paradise, and Bonner flow
into the South and Middle Forks of Mineral Creek, streams
that were not subjected to a tracer study. Two of the sites
highlighted here (Grand Mogul and Kittimack Mill tailings)
were among the 24 major sources of loadings detected in the
tracer studies (Kimball and others, this volume), and eight of
the mine sites that we ranked high or very high for mine drain-
age presumably contributed to high loadings on five tributaries
highlighted by the tracer studies (Prospect Gulch, Minnesota
Gulch, Browns Gulch, South Fork Cement Creek, and Middle
Fork Mineral Creek). Three mines close to Cement Creek that
are highlighted in our rankings (Mammoth tunnel, Elk tunnel,
and May Day mine) were detected in the 1996 Cement Creek
tracer study (Kimball and others, 2002). The contributions
from the Lark, Joe and Johns, Henrietta, Minnesota Gulch,
Natalie/Occidental, Brooklyn, Bonner, and Paradise mines
cannot be ascertained at the point of mixing with the major
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streams. More detailed studies, possibly utilizing tracers
injected into underground mine workings, would have to be
made to quantify the influence of these and similar mines.

Significant Sources for Remediation

The Animas River watershed study area contains hun-
dreds of potential sources of mining-related contamination
(Church, Mast, and others, this volume, fig. 1), but the major-
ity of the excavated sites shown on topographic maps are
exploration prospects that disturbed less than about 50 tons
of rock. The majority of mines with substantial underground
workings and waste dumps are patented claims, on private
property. Fewer than 100 mines and prospects on public land
were of substantial size, with hundreds of meters of work-
ings and hundreds of tons of mine waste. Out of these sites
on public land, fewer than 40 create mine-adit drainage or are
situated close enough to major streams to introduce contami-
nation to the watershed that we consider to be significant.

Problematic mining sites on public land were discussed
by Nash (1999a, 1999b). Two new sites have been added here,
mill tailings placed on public land from the Lackawanna Mill
and the Kittimack Mill. Remediation activities at these or
other sites will be decided when restoration goals are defined.
Dozens of mine sites in the study area release water that at
times exceeds water-quality standards set by CWQCD or the
Clean Water Act—at the point of discharge. However, these
sources of contamination may not be measurable in major
streams or at gauging station A72 south of Silverton.

The magnitude of contamination from “dry” sites—those
with no obvious surface discharge—is difficult to determine.
The monitor wells and detailed studies of the May Day mine
(Wright, Kimball, and Runkel, this volume) demonstrate what
technologies are needed to evaluate subsurface discharge
from either dry or draining sites. Because reactions take
place in surface and ground water between the sources and
the streams, the contamination predicted by mine site water
samples, or from laboratory leach tests, may not accurately
reflect what enters the streams. If the abundant geochemical
information available for sites on public land is insufficient to
guide remediation decisions, then detailed engineering studies
will have to be conducted. If required, those studies should
include the drilling of wells to document shallow ground water
in the vicinity of mine adits, waste dumps, and mill-tailings
impoundments. Also, further study is needed on methods
to identify the flow paths from mine sources to streams and
the water:rock reactions along those paths that change water
quality.

This study has addressed issues of mine waste and
mine-adit drainage on public land administered by the BLM
or the USDA Forest Service, but the same issues obviously
exist for mines on private property. Studies of representative
private sites by Herron and others (Unpub. Mineral Creek
feasibility investigation report, CDMG, 1997; Unpub. Cement
Creek reclamation feasibility report, CDMG, 1998; Unpub.
Upper Animas River reclamation feasibility report, CDMG,
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1999; Unpub. Lower Animas River reclamation feasibil-

ity report, CDMG, 2000), using methods similar to those
described here, provide data for evaluating the private sites.
Such an evaluation was done by Peter Butler, Robert Owen,
and William Simon (Unpublished report to Colorado Water
Quality Control Commission, Animas River Stakeholders
Group, 2001). Although questions of detail may remain
about the magnitude or ranking of some individual private or
public sites, a general trend seems clear: most of the waste or
mine-adit drainage sites with highest potential for watershed
contamination (highest loads or leachate concentrations) are
on private or mixed private-public sites.
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