U.S. DEPARTMENT OF THE INTERIOR
U.S. GEOLOGICAL SURVEY

109°
41° ‘

108°

Prepared by the U. S. Geological Survey and the Colorado Geological Survey in cooperation with the U. S. Bureau of Land Management

104°

103°

41°

107°

106°

105°

F
later
gl Elkhorn @ ' Northgate .Th CuAuAg
Pearl ¢ Fe Cu
+ CuAuAg
o CuAgAu + ThBe
Hahn's N + ZnCuMo
Peak ) Mo
Upper Slavonia
Farwell »
Mtn. r )
Slavonia Bear Creek Ni Us
F Crystal Seditlisan el REETh Us
. AgA Be ,AgAuCu JPozn A
Greenville 9 l: Y s
LY Home  AgPb
Cu . ’WMo *Be ‘W
* PbAgZnCu . o B
& Douglas Mtn. AuAg AuAg
* FeTiCu *Be
Us L Be * BeLl
5 Empire
\\_\z\’ . > o BeLI P
Qu + '+ NoREETa
/_,./—'\ BeREE |, ge
*
LiBe .
* ZnPbCu o ﬂv—/\; [ Mt. Cumulus * +Be Masonville
Teller .Be
Drake
*Be
\.\ Poison g BeLiNG
idge Upper lllinois :
PbZnCu ¢ River
Us *cu Parkview
* Mitn.
Grand Lak| 2Cu
¢
Vv Allen's Park
Us JREE
Jdamestown
Us N
CuPbzn /
Beaver Creek - .
40° Troublesome
Grand Island - We
Caribou Te .
Magnolia
c .CuFe W ¥Fe
u *
Yarmony '+ Y necy ElMOr R
*
AuAgPbZn North Gilpin cu,
> PbAg
e . A Cu Schwartz-
Alice - Yankee Hill A walder
Dumont ¥ lack
Henderson -
Uv k JEE  ,Be Be )
Central =
\ At *CU “CUPOW| ="
Cu ho A REEBg,
— "
Carbonate % R e TCPLZAg \
v / \ Chicago Cr. - Freeland” . BeREEND
Us = o ) BeREEND “/
v Silver Evergreen Fe , Mn
Plume - ‘o, S X
Horse Mtn. Be ¢
N Georgetown .
Ag \ Frisco CuAgZn
Geneva Creek
] Gilman \ Montezuma \ NoTage
Fulford Redcliff \ Breckentidge \lalls Gulch ’
* PbAg Home- Tenmile - “ cu
*
stake Kokomo -\ '\ REEND oo per + CuNi
Holy Cross = |/~ Cllmax . e
AuAgPb ¢
UAg . Th %
Mn 9 3
* "y w . REE
Mn
+ REENb
St. Kevin - REETh  + REETh
Sugarloaf ™ Consolidated REETh ¢ o R'E ET; REETh
Avalanch CUAUZN 2 Montgomery FPAg
valanche .
REETh
Aspen / o
LeadVville \\ Horseshoe/ AgMoSn REEBEThND o o REEBEThNbD
i d
Champion Sacramento + REEBeThNb
*
Mo Independenge s f _EePon . REEBeThNb
U * o
) Twindakes w' BePb
PRERY Lincoln Gulch - = & .o e -
o TATT~Ag Ashcroft Red Mtn. o BeNbTaREE * i WAU ¢
39 ’Agfgﬁgn AgPbZn ZnPbCu ¢ Mo (- “ ) FeMn
Rock Creek Zn * . «FETiMn . * Mo Pulver - & | Round Mountain
¢ AgCoNi ZnPbCu 7 Bad Flat 3
e Ba adger Flats
MoPbzn et Moy Mo o+ REENbBe /
SN Agpozn, At “ S Winfield PoAu '@ POl ? FeMnAu
Na .
CuAuAg Elk Mtn. . . PbZn Fe + +PbAuZn
“Poa Ba BeREE AuA
N Unaweep Mt. Emmons AgPb g -\ < * Cuzn e Mn* O -
PbZn A . PbzZn NiTile
* Riverside
PbZnAg o AdCu
Ag S
Mo .
ﬂ ‘ B Trout Creek \ JBeNb
Mo Cottonwood JAuTh
. Free Gold S AuAg Be
REE
FeMn REE® % F
B W
1 cup  Chalk Creek ° Be Te ™~ St. peters Dome
Quartz Crk. Calumet - ofr Weuzne & e
. a2 ¢ +CuAg 4
. *Be Whitehorn ~ I o Cripple Creek - FeTi
Mo CuAg Victor ¢
U IREE JBeMo g g i " East Beaver
S BT R rown's W, S
) . g AgPbZn Canyon i ¥
“Mh Gold Brick »BerTa IV|O n . 0. +ZnCu Cu / V\ibTh Currant Creek W
M Qi Turret M o .
\ La Sal Cr Monarch Sedalia Ba WENbTh o
] * ZnPb Bl N A e . Uv
" *Taree  Box CuAg M ReETRNG g
T aREE Canyon | " ® g L —TaWAL > " ot Y g
Tomichi aysvilie Poncha Cuhdg : BeNpTa
U JBe B REETHND  Cu* REE Beli gty c 3* *Ba
S g ‘ - . Cuzi
Gunnison — cung B CuAg, *Be ¢ cuAn *Hg Y,
ooy GOId Belt ochetopa * REEZnAU Qu *CuAg
N Cotopaxi +CQUAg cungau
- CuZnPigsee. REE
CuAgA
' ® Uv 3 g ‘Grape Creek
S +Ta
W . - PbBaCu
Powderhorn
Us -
* MW Orient Cloverdale Basin
m Us ) - e ThREE. 1B /Pbzn
. *ThREE
\Y SllverCIl.ff ThREE L THREEAS e
- Westcliff e
+ThREE
d +Th
* *
Us Red Mtn Mo g THREE  *Th -
‘\y ), U *Mn Rogita Hills ‘&
o_| S
38 Us : . Bondholder REEThNGTa * ThBa . Ag
gAuPbZn
\ o Pbc Lake Fork ’ Vind . N T
u u
Us - Crestone 2 Wet Mins.
PbAgZnMo
>
N. Creede
Mt. Wilson Creede ,
\ . C(‘;arson Liberty cu
amp .
Trout \ A Mn Crystal « Qg
Dunton Lok )’w\ Embargo ~ Hill
evn
AgAuPbCuZn Creek .
AgPbZnAuCUMoTi Ricov F
Callco Us Bear Creek
" W. Rico AuAGCu o city Véheel -
Pbzn ap
Cur AuAgCuPbZn ¢ p
Needle Mtns. + AgPbZn
+ AgPbZnCu Grayback
\ Te Te AuAg
Cave Basin ofCu
Pozn oA Summitville o
UAU o / %A
‘ East Mancos AgPbZnAUCY ‘ Jasper
AgPbCuMo *
Mne ot ¢ s AuAgPb L)
.CU d *
W AgPbCuAu * La Veta
+Cu Platoro Axell
* CuMoPbZn
San Luis Hills El Plomo / San Luis
& A\
o I A
37
109°

108°

Introduction

Land management agencies are currently faced with the
daunting task of identifying, assessing, and prioritizing
abandoned mine sites on public lands for remediation. In
Colorado, the number of abandoned mine sites on public and
private landsisin excess of 20,000 (J. Herron, oral comm.,
1995). Nationwide, the total number of abandoned mine sites
isin excess of 500,000. Because of the large number of sites
to be evaluated, procedures must be devel oped that can
streamline and facilitate the site assessment process.

Geologic characteristics of mineral deposits are a
fundamental and predictable control on the environmental
effects of mining and mineral processing, and on the natural
environmental conditions that exist in mineralized areas prior
to mining (Plumlee and others, 1994; Smith and others, 1994;
Plumlee and others, 1993; Plumlee and others, 1992; Ficklin
and others, 1992; Kwong, 1993). Other important controls,
such as geochemical and biogeochemical processes, climate,
and mining and mineral processing methods, generally serve
to modify the environmental effects dictated by geologic
characterigtics.

This map, compiled by the U.S. Geological Survey
(USGS) in cooperation with the Colorado Geological Survey
(CGS) and the U.S. Bureau of Land Management (BLM), is
thefirst of a series of maps designed to demonstrate how
geologic and geochemical information can be used on a
regional scale to help assess the potential for mining-related
and natural environmental problemsin mining districts,
unmined mineralized areas, and surrounding watersheds. A
GI S (Geographic Information System) format was used to
integrate geologic, geochemical, water-quality, climate, land-
use, and ecological data from diverse sources. Colorado was
chosen as the prototype because of the extensive geologic and
geochemical data available digitally from the USGS, the State
of Colorado, and other sources. Similar maps can be
developed for other states or areas at a variety of scales.

The map shows potential mine-drainage hazards that may
exist in Colorado metal-mining districts, as indicated by the
geologic characteristics of the mineral deposits that occur in
the respective districts. Likely mine-drainage signatures are
defined for each mining district based on: (1) areview of the
geologic characteristics of the mining district, including
mineralogy, trace-element content, host-rock lithology, and

lus. Geological Survey, Denver, CO; 2Colorado Geological Survey, Denver, CO
3U.S. Bureau of Land Management, Lakewood, CO

wallrock ateration, and; (2) results of site specific studies on
the geologic controls on mine-drainage composition (Smith
and others, 1994; Plumlee and others, 1993; Ficklin and
others, 1992).

Uses of theMap

This map was designed primarily for use in abandoned
mine lands assessments, but can a so be used for other
applications such as watershed and ecosystem management,
and environmental prediction and mitigation.

In abandoned mine lands assessments, land management
agencies can use the map to help screen and identify mining
districts with the greatest potential for acid-mine drainage, so
that these districts can receive higher priority for detailed on-
site characterization studies and remediation. The map is not
intended to replace on-site field studies of abandoned mine
sites. The map can be used, however, to supplement
information gathered during field studies. In some on-site
assessments, time and monetary constraints allow collection
of only minimal water-quality data such as the pH and
conductivity of mine-drainage waters. For these sites, the
map can be used to place constraints on the types and
concentration ranges of metals that are likely to be present in
drainage waters. The map can also be used to estimate the
composition of waters draining mine sites during transient
storm events, waters that on-site sampling would measure
only if fortuitously timed to coincide with the storm events.

Wildlife managers can use information on the map to help
screen mining districts or unmined mineralized areas that
have the highest potential for contributing metals of particular
concern for aquatic life or wildlife health. The map also can
be used to guide regional water quality studies by identifying
watersheds potentially affected by natural or mining-related
metal contamination.

The map can be used by both the mining industry and land
management or regulatory agencies to better estimate and
mitigate the potential environmental effects that may result
from future mineral resource development. Combined with
standard laboratory procedures used to predict acid-drainage
generation (Ferguson and Morin, 1991), the geologic
information can be incorporated into the earliest phases of
mineral exploration to identify potential environmental
problems and costs resulting from the development of specific
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minera deposit types in defined geographic areas and
climates. Similarly, the most beneficial mitigative pro-
cedures can be determined and instituted before minera
development occurs, thereby avoiding more costly remedial
procedures after development and potential environmental
problems have started.
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Map Preparation

Numerous digital data files exist for Colorado, including
streams, cities, drainage divides, geochemical data, land use
data, geology, and many more. Data files showing locations
of streams, cities, drainage divides, and roads are available on
CD-ROM in digita line graph (DLG) format (U.S. Geological
Survey, 1990, 1993). The DLG files were downloaded and
trandated into files compatible with the program GSMAP for
| BM-compatible computers (Selner and Taylor, 1993).
Boundaries of national forests, national parks and
monuments, and Indian reservations were digitized from
BLM land classification maps. Additional digital files
including geologic information, mining districts, and other
pertinent data were digitized using GSMAP. All digital data
files were then converted to ASCII coordinate files and
transferred to an Apple Macintosh computer. On the
Macintosh, the data files were plotted using the program

106°

MacGridzo, by Rockware, Inc. For final map preparation, the
graphics files were brought as layers into the object-oriented
graphics program Canvas, by Deneba software, Inc. for final
map preparation. All datalayers used in this compilation are
currently being trandated into ARC/INFO format for future
usein atrue GIS environment.

Mining Districts

L ocations and boundaries of major mining districts as well
as locations of mining prospects were compiled from severa
sources. Maps prepared by the CGS were used to identify the
locations and boundaries of major gold-producing districts, all
metal-mining districts, and smaller metal-mining prospects
(Streufert and Davis, 1990; Streufert and Cappa, 1994).
Locations and boundaries of uranium and vanadium districts
and other areas of production were taken from Beach and
others (1985). Fluorspar districts were compiled from Brady
(1975). A limited number of other mining districts were
added by USGS contributors.

Mineral Deposit Types

In order to identify potential mine-drainage signatures for a
given mining district, it was first necessary to define the types
of mineral deposits present and summarize their environ-
mentally relevant geologic characteristics.

Geologic information for Colorado mining districts was
compiled from a database (Davis and Streufert, 1990) that
lists the nature of the deposit (vein versus disseminated or
massive ores), important ore minerals, and host-rock lithology
for each mining district. USGS personnel contributed
additional information to the database on wallrock alteration
mineralogy and deposit gangue mineralogy (from unpublished
data sources and Vanderwilt, 1947), and then classified the
depositsin each district according to similaritiesin their
geologic characteristics such as ore and gangue mineral ogy,
and host rock lithology.

There was generally insufficient geologic information
available to determine the deposit type for the mineral
prospects shown as points on the map. Asaresult, only the
predominant commaodities for each prospect listed in Streufert
and Cappa (1994) were reproduced on this map; the
commoadities are listed for each prospect in decreasing order
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of production or abundance. The commodities mined at a
prospect, combined with geologic information available for
nearby districts of known geology, can be used to infer some
information about the geology and deposit type of individual
prospects. For example, prospects with commodities such as
rare earth elements (REE), thorium, and beryllium can be
inferred to be pegmatite deposits with negligible sulfide
minerals that would lead to acid drainage problems.

Unmined Mineraized Areas

There are anumber of areas outside known Colorado
mining districts that are mineralized but that have not had
appreciable mining activity. These mineralized areas, such as
those in the headwaters of the Alamosa River south of
Summitville (Bove and others, 1995), typically contain
abundant sulfide minerals such as pyrite (iron sulfide) that,
when weathered, can be a significant source of natural acid
drainage and metal contamination. Unmined mineralized
areas that occur outside the known mining districts are
identified on the map to the best of our knowledge. A number
of Colorado mining districts as outlined on the map aso
include areas of sub-economic deposits that have not seen
appreciable mining activity; in these districts, there may be
some natural contributions of acid drainage in addition to
mining-related drainage contributions.

Mean Annua Precipitation

Contours of mean annual precipitation amounts were
digitized from a map developed by the Colorado Climate
Center (1984), on the basis of data contained in Doesken and
others (1984). Only areas receiving more than 20 in. of
precipitation annually are shown on the map. The 20 in.
mean annual precipitation contour was chosen somewhat
arbitrarily, but it represents what we believe to be the
approximate boundary between predominantly dry (arid) and
predominantly wet (semi-arid) parts of the state.

Climate factors such as mean annual precipitation must be
considered because of their effects on ground- and surface-
water flow, water chemistry, and evaporation. In arid
climates, ground-water tables are generally deep, and are
intersected mostly by open pits; underground mine workings
generaly intersect the water tables only in areas of steep
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topography. Open pit waters or waters that do flow from
springs or mines have a high likelihood of evaporating or
flowing underground rather than contaminating the surface
environment for long distances downstream. Due to the lack
of water, chemical weathering tends to be much more limited
in arid climates than in wet climates. When acid waters do
form as aresult of occasional storm events, they eventually
evaporate and leave behind their metals and acid in the form
of highly soluble salts (Plumlee, Gray, and others, 1995;
Plumlee, Smith, and others, 1995). These salts can be
transported by wind for significant distances and are aso
readily dissolved during subsequent storm events. Thus, in
arid portions of Colorado outside the 20-in. mean annua
precipitation contour, mining districts are at greater risk for
storm-induced surface drainage from mine dumps, tailings,
and windblown material rather than for perennial surface
drainage from mine adits. Evaporation may lead to increased
levels of acid and metalsin open-pit waters; thisin turn may
lead to degraded ground-water quality down-gradient from
open pit mines. Open-pit mining has been rather limited in
Colorado, however.

In the wetter, cooler Colorado mountains (areas near or
within the 20-in. precipitation contour), there is amuch
greater potential for perennial or long-term ephemeral surface
drainage from mine workings or springs. Dueto the larger
volumes of water and lower rates of evaporation, metals and
acid in these waters may persist well downstream from mines.
Thereis, at the sametime, arelatively high likelihood that the
contaminated waters could be diluted from uncontaminated
waters draining unmineralized areas. Evaporation and the
formation of soluble salts remain an important processin
cooler, wetter climatesif rainfall or snowfall occurs
sporadically. Plumlee, Gray, and others (1995) and Plumlee,
Smith, and others (1995) documented the important role of
soluble salts in the generation of acidic, metal-rich pulses
from the Summitville mine during snowmelt or summer
thunderstorms that follow extended dry periods; the mineis
located at 11,500 feet elevation in an area receiving more than
50in./yr of precipitation.

Rivers and Streams Affected By Metals

The Colorado Water Quality Control Division (WQCD)
periodically reviews Colorado rivers and streams for impact
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from avariety of contaminants such as metals, fertilizers, and
bacteria, and prepares maps showing the results of the
reviews. The layer on this map showing streams and rivers
affected by metals was modified from amap prepared by the
WQCD (1989). Affected reaches of streams and rivers were
identified by WQCD as those for which aguatic life and (or)
agricultural use standards were exceeded for one or more of
various metals such as copper, zinc, and cadmium.

Although most of Colorado’s metal-affected streams are
clearly related to metal-mining activities, it should be noted
that there are some streams, such as the Platte River north of
Denver that are likely affected, at least in part, by urban
activities. There are also somerivers, such asthe Yampa
River and some of its tributaries west of Steamboat Springs,
that are affected by metals released by coal mining activities.

Mine-drainage Models of Mineral Deposits
and Likely Mine Drainage Signatures of Mining Districts

A compilation of mine-drainage compositions from diverse
mineral deposit types shows that mine waters draining
mineral deposits with similar geologic characteristics have
metal concentrations and pH values that cluster within
distinctive ranges (Smith and others, 1994; Plumlee and
others, 1993; Plumlee and others, 1992; Ficklin and others,
1992). In addition, the elemental suites of metals present in
mine-drainage waters typically reflect the same characteristic
suites of metals contained in the mineral deposits. For
example, deposits containing pyrite (an iron sulfide), enargite
(acopper-arsenic sulfide), and other copper sulfidesin highly
altered host rocks at Summitville, Colorado predominantly
generate highly acidic waters with thousands of parts per
million (ppm) dissolved iron and auminum, hundreds of ppm
dissolved copper and zinc, and several to tens of ppm
dissolved cadmium, cobalt, arsenic, nickel, and uranium;
these water compositions result from the lack of acid-
buffering capacity in the highly altered wallrocks, coupled
with the sulfide-rich nature of the ores. In addition, the
copper-rich nature of the ores at Summitvilleis reflected by
similar enrichments of copper over zinc in the mine-drainage
waters compared to those draining most other mineral deposit
types. In contrast, deposits of pyrite, sphalerite (azinc
sulfide), and galena (alead sulfide) that occur in carbonate-
rich host rocks at Leadville, Colorado tend to generate

drainage waters that can contain high levels of dissolved zinc,
but are generally of near neutral pH. Mine-drainage waters
may also be affected by the mining technique used to extract
the ore. Generally, waters from open-pit mines and water
draining mine dumps tend to have somewhat more acidic,
metal-rich compositions than waters draining underground
workings; thisis related to the increased surface areas
exposed to weathering in open-pit mines and mine dumps,
increased accessibility of oxygenated waters, and increased
opportunities for evaporative concentration (Plumlee and
others, 1993).

These empirical studies show that, given agood knowledge
of mineral-deposit geology in agiven district, it is possible to
estimate or predict likely ranges of pH and metals present in
waters draining mine workings and mine wastes in any given
district (Smith and others, 1994; Plumlee and others, 1993).

On the Colorado map, metal-mining districts have been
grouped according to their geologic characteristics and their
resulting potential for mine-drainage hazards. The deposit
types are listed in the map explanation in decreasing order of
acidity and metal content (that is, increasing water quality) of
their potential mine-drainage compositions. The mine-
drainage signatures listed are those that we believe are most
likely to occur based on the empirical data available to date
and our best knowledge of the geology of each district.
Because mineral-deposit geology is highly complex, with
significant spatial variationsin ore mineralogy, host rock
lithology, and host rock alteration possible in the same mining
district, the explanation shows arange in mine drainage
compoasitions that might occur in different mineralogic zones,
wallrock alteration zones, or host rocks for various deposit
types within a given mining district.

Empirical data on mine drainage compositions have not
been collected for al deposit types and al geologic
characteristics. In districts containing deposit types for which
empirical data are lacking, some limits on drainage
compositions can be inferred by analogy with deposit types of
similar geology.
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EXPLANATION

Mining district--Approximate boundaries of mining district
within which most mining activity occurred; name shown
where known. Predominant mineral deposit type mined
and the resulting mine-drainage signatures identified by
color

Potential mine-drainage signatures of mineral deposit
types--A brief summary of environmentally important ore,
gangue, and alteration mineralsis given in parentheses.
For each deposit type, estimated ranges of pH values and
dissolved metal concentrations of drainage waters are
listed for the different ore types or mineralogic zones;
composition ranges are defined by empirical drainage data
compiled for similar mineral-deposit types (Smith and
others, 1995; Plumlee and others, 1994). Deposit types
listed in decreasing order of likely acidity and dissolved
metal content. ppm, parts per million; ppb, parts per
billion; conc., dissolved concentrations; =, may or may
not be present

Deposit types likely to generate predominantly acidic,
metal-rich waters
Quartz alunite epithermal deposits--(Pyrite-enargite-
covellite-chal copyrite veins, disseminationsin wallrocks
intensely altered to silica, aunite, and clays). Waters
draining most highly altered and mineralized rocks have
pH values that range from 1.5to 3; Fe, Al, Mn conc. that
range from hundreds to several thousands of ppm; Cu, Zn
conc. that range from several tensto several hundreds of
ppm (Cu > Zn); As, Cr, Ni, Pb, Co, U, and Th conc. that
range from hundreds of ppb to several ppm
Climax-type por phyry molybdenum deposits associated
with U-rich granitic intrusions --(Core zone with pyrite,
molybdenite, fluorite, topaz; pyrite-rich intermediate zone;
sphalerite, carbonates on fringes). Waters draining pyrite-
molybdenite core have pH values that range from 1 to 3;
Fe, Al conc. that range from hundreds to thousands of
ppm; F conc. in hundreds of ppm; Zn, Cu conc. in tens of
ppm; U conc. that range from 1 to 10 ppm. Waters
draining inter mediate pyrite zone have pH values that
range from 2 to 5; Fe, Al, Mn conc. in hundreds of ppm;
Zn, Cu conc. that range from <1 to 10 ppm. Waters
draining base metal-rich fringes have pH values generally
greater than 5.5; Zn, Mn conc. that range from hundreds
of ppb to severa tens of ppm; Fe, Cu conc. that range
from hundreds of ppb to several ppm
Polymetallic veins and disseminationsin car bonate-
poor rocks--(Pyrite, chalcopyrite, sphalerite, galena, +
molybdenite). Waters draining underground workings and
mine dumps have pH values that range from 2.5 t0 5.5; Fe,
Al, Mn conc. that range from tens to low hundreds of ppm;
Zn conc. in tens of ppm; Cu generaly in conc. that range
from hundreds of ppb to several ppm (can be as high as
150 ppm in waters draining chal copyrite-rich ores); Pb, As
in several tens of ppb, although waters draining some
gaenarich ores can have Pb as high as 1 ppm
Uranium-rich polymetallic veins, disseminationsin
carbonate-poor rocks --(Pyrite, marcasite, uraninite,
sphalerite, galena, chalcopyrite). Waters draining
under ground workings and mine dumps have pH values
that range from 2.5 to 5.5; Fe, Al, Mn conc. in tens of ppm;
Zn, Cu conc. that range from hundreds of ppb to several
tens of ppm; U conc. that range from hundreds of ppb to 5
ppm; Pb, As conc. that range from tensto several hundreds
of ppb
Fluorine-rich veinsin carbonate-poor rocks--(Pyrite,
marcasite, fluorite). Inferred compositions of waters
draining underground workings and mine dumps have pH
values that range from 2.5 to 5.0; Fe conc. in low hundreds
of ppm; Al, Mn conc. in tens of ppm; Zn, Cu conc. that
range from several hundreds of ppb to several ppm; F
conc. that range hundreds of ppb to tens of ppm
Polymetallic veins and disseminationsin mostly
carbonate-poor rock--(Pyrite, chalcopyrite, sphalerite,
galena; some calcite, rhodochrosite). Waters draining
mine dumps or waters draining underground workingsin
carbonate-poor rock (predominant) have pH values
that range from 2.5 to 5.5; Fe, Al, Mn conc. that range
from tens to low hundreds of ppm; Zn conc. in tens of
ppm; Cu conc. that range from hundreds of ppb to several
ppm; Pb, Asconc. in tens of ppb. Waters draining under-
ground workings in carbonate-rich rock (less common)
have pH values generally greater than 5.5; Zn conc. that
range from 1 to 200 ppm; Fe conc. that range from severa
to tens of ppm; Cu conc. that range from hundreds of ppb
to several ppm; Pb, As conc. that range from 1 to tens of

ppb

Deposit typeslikely to generate both acidic and near -
neutral, metal-rich waters
Polymetallic veins and replacementsin carbonate-rich
sedimentary rocks and associated igneousintrusions
with low carbonate content--(Pyrite, chalcopyrite, sphal-
erite, galena, calcite, other carbonates). Waters draining
underground workings in carbonate-rich rock have pH
values generally greater than 5.5; Zn conc. that range from
1 to 200 ppm; Fe conc. that range from one to tens of ppm;
Cu conc. that range from hundreds of ppb to severa ppm;
Pb, Asconc. in severa ppb. Waters draining underground
workingsin carbonate-poor igneous intrusive rocks have
pH values that range from 2.5to 5.0; Fe, Al, Mn conc. that
range from tens to low hundreds of ppm; Zn conc. in tens
of ppm; Cu conc. that generally range from hundreds of
ppb to severa ppm; Pb, As conc. in several tens of ppb.
Waters draining sulfide-rich mine dumps can have pH
values that range from 2.5 to 6.5; Fe, Al, Mn conc. in tens
of ppm; Zn, Cu conc. that range from 1 to 100 ppm; Pb, As
conc. in several tens of ppb
Uranium-rich veins and replacementsin carbonate-rich
sedimentary rocks--(Pyrite, marcasite, uraninite, galena,
calcite, other carbonates, + sphalerite). Inferred compo-
sitions of waters draining carbonate-rich rocks (predom-
inant) have pH values generally greater than 5.0; Fe, Zn
conc. that range from 1 to tens of ppm; U conc. that range
from tens to low hundreds of ppb; As conc. in tens of ppb.
Inferred compositions of waters draining mine dumps have
pH values that range from 2.5 to 6.5; Fe, Al conc. that
range from tens of ppb to tens of ppm; Zn conc. that range
from hundreds of ppb to one ppm; U conc. in hundreds
of ppb; As conc. intens of ppb
Polymetallic veinswith abundant carbonates or that
occur in wallrock altered to contain carbonates--(Pyrite,
chalcopyrite, sphalerite, galena, calcite, rhodochrosite).
Waters draining many underground workings have pH
values generally greater than 5; Zn conc. that range from 1
to 200 ppm; Fe conc. that range from one to tens of ppm;
Cu conc. that range from tens of ppb to one ppm; As conc.
in severa ppb. Waters draining most mine dumps, tail-
ings, carbonate-poor mine workings have pH values that
range between 2.5 and 6.5; Fe, Al, Mn conc. that range
from tens to low hundreds of ppm; Zn conc. in tens of
ppm; Cu conc. that range from hundreds of ppb to several
ppm; Pb, As conc. that range from one to tens of ppb
Uranium-rich veinswith abundant carbonates--(Pyrite,
marcasite, uraninite, galena, calcite, other carbonates, +
sphalerite). Inferred compositions of waters draining
underground workings have pH values generally greater
than 5; Fe, Zn conc. that range from 1 to tens of ppm; U
conc. that range ranging from tens to low hundreds of ppb;
Asconc. in tens of ppb. Inferred compositions of waters
draining mine dumps have pH values that range from 2.5
to 6.5; Fe, Al conc. that range from tens of ppb to tens of
ppm; Zn conc. that range from hundreds of ppb to one
ppm; U conc. in hundreds of ppb; Asin tens of ppb
Massive sulfide deposits--(L enses of massive pyrite,
sphalerite, and galena, with lesser chalcopyrite). Gunnison
deposits enclosed in carbonate-bearing rocks may have
waters with pH values near 7; Zn conc. that range from
several hundreds of ppb to one ppm. Front Range and
north-central deposits are mostly metamor phosed with low
sulfide contents, and probably generate waters primarily
with near neutral pH values; low metal conc. If massive
sulfide lenses are present, drainage waters may have pH
values lessthan 4; Fe, Al conc. that range from hundreds
of ppm to tens of thousands of ppm; Mn, Zn, Cu (x Co, Ni)
conc. that range from tens to several thousands of ppm

Us

Te

CuAgPbZn

-

J X

OPEN-FILE REPORT 95-26

Deposit types likely to generate predominantly near -
neutral, metal-poor waters
Stratabound uranium-vanadium depositsin sedimentary
rocks (Us--uranium-dominant, V--vanadium-dominant)--
(Pyrite, marcasite, coffinite, uraninite, uranyl vanadates,
carbonates). Inferred compositions of waters draining unox-
idized ores have: pH values generally greater than 5.5; U
conc. that range from tens to low hundreds of ppb; V, Se
conc. in several tens of ppb; As, Mo conc. in several ppb.
Inferred compositions of waters draining mine dumps of
unoxidized ores have pH values that are potentially acidic;
Fe and Al conc. that may be as high as several ppm; U conc.
that range from hundreds of ppb to severa ppm; Se, As
conc. intens of ppb. Inferred composition of waters
draining oxidized vanadium-dominant ores have near-neutral
pH values; V, Se, Asconc. in tens of ppb
Au-Teveins and breccias--(Gold-telluride minerals,
feldspars, fluorite, carbonates, + pyrite). Watersdraining
pyrite-poor ores (predominant) have pH values generally
greater than 7; Zn conc. in severa tens of ppb; U conc. that
range from 1 ppb to several tens of ppb. Inferred composi-
tions of waters draining pyrite-rich ores (less common) have
potentially acidic pH values (2.5 to 5); Fe, Al, Zn conc. in
severa hundreds of ppb to tens of ppm
Pyrite-poor replacement oresin carbonate-rich sed-
imentary rocks--(Sphalerite, galena, chal copy-rite, lesser
pyrite). Waters draining pyrite-poor ores (predominant)
have pH values generally greater than 7; Zn, Fe conc. that
range ranging from 1 to 100 ppb; As, U conc. that range
from several ppb to several tens of ppb. Waters draining
pyrite-rich ores will likely have somewhat lower pH values
and higher Zn conc.
Redbed copper depositsin carbonate-bearing sediment-
ary rocks--(Chalcocite, malachite, azurite). Inferred
compositions of waters have pH values generally greater
than 6 to 7; Cu conc. that range from several tens of ppb to
several ppm; Zn conc. in tens of ppb
Pegmatite or carbonatite deposits--(Uraninite, monazite,
and other rare earth minerals; no or very minor sulfides).
Drainage waters are not likely to be acidic or to contain
significant dissolved metals

I nsufficient geologic information at thistimeto infer
mine-drainage signatures

Prospect--Geology unknown; dominant commodities listed
on map in decreasing order of abundance. Prospects with
Au, Ag, Cu, Pb, Zn, Mo, Ni, and Co have highest potential
for mine-drainage problems. From Streufert and Cappa
(1994)

Mineralized areas, outside or adjacent to known mining
district boundaries--Predominantly unmined. Can be
significant sources of natural acidic and metal-rich drainage

from springs or seeps

Contour of 20 in./yr mean annual precipitation from
snowfall and rainfall--Stippled pattern indicates >20 in./yr
side of contour

River, stream, and (or) lake

River affected by metal contamination--Modified from
Colorado Water Quality Control Division (1989)

Drainage basin boundary

Road or Highway

City

Federal land units--Approximate boundaries

National Forest Lands

BLM Lands--East of 109° |atitude

National Park or National Monument

Indian Reservation

Thisreport is preliminary and has not been reviewed for

conformity with U. S. Geological Survey editorial standards
and stratigraphic nomenclature. Any use of trade namesis for
descriptive purposes only and does not imply endorsement by

the USGS.
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