Geologic Setting

The geologic units that contain aquifers for
which water-quality characteristics are presented are
described in this section from oldest to youngest. The
oldest geologic units in the study area are the Precam-
brian crystalline (metamorphic and igneous) rocks
(fig. 2), which form a basement under the Paleozoic,
Mesozoic, and Cenozoic rocks and sediments. The
Precambrian rocks are exposed in the central core of
the Black Hills. These Precambrian rocks range in age
from 1.7 to about 2.5 billion years, and were eroded to
a gentle undulating plain by the beginning of the Pale-
ozoic Era (Gries, 1996). The Precambrian rocks are
highly variable, but are composed mostly of metasedi-
ments, such as schists and graywackes. The Paleozoic
and Mesozoic rocks were deposited as nearly hori-
zontal beds. Subsequent uplift during the Laramide
orogeny and related erosion exposed the Precambrian
rocks in the central core of the Black Hills with the
Paleozoic and Mesozoic sedimentary rocks exposed in
roughly concentric rings around the core. Deformation
during the Laramide orogeny contributed to the
numerous fractures, folds, and other structural features
present throughout the Black Hills. Tertiary intrusive
activity also contributed to rock fracturing in the
northern Black Hills where numerous intrusions exist.

Surrounding the crystalline core is a layered
series of sedimentary rocks including limestones, sand-
stones, and shales. The distribution of hydrogeologic
units in the Black Hills area is shown in figure 3. The
bedrock sedimentary units typically dip away from the
uplifted Black Hills at angles that can approach or
exceed 15 to 20 degrees near the outcrops, and
decrease with distance from the uplift to less than
1 degree (Carter and Redden, 1999a, 1999b, 1999c,
1999d, 1999%¢) (fig. 4).

The oldest sedimentary unit in the study area is
the Cambrian- and Ordovician-age Deadwood Forma-
tion, which is composed primarily of brown to light-
gray glauconitic sandstone, shale, limestone, and local
basal conglomerate (Strobel and others, 1999). These
sediments were deposited on the generally horizontal
plain of Precambrian rocks in a coastal- to near-shore
environment (Gries, 1975). The thickness of the
Deadwood Formation increases from south to north in
the study area and ranges from 0 to 500 feet (Carter and
Redden, 1999¢). In the northern and central Black
Hills, the Deadwood Formation is disconformably
overlain by Ordovician-age rocks that include the
Whitewood and Winnipeg Formations. The Winnipeg
Formation is absent in the southern Black Hills, and the
Whitewood Formation has eroded to the south and is

not present south of the approximate latitude of Nemo
(DeWitt and others, 1986). In the southern Black Hills,
the Deadwood Formation is unconformably overlain
by the Devonian- and Mississippian-age Englewood
Formation because of the absence of the Ordovician-
age sequence. The Englewood Formation is overlain
by the Madison Limestone.

The Mississippian-age Madison Limestone,
deposited as a marine carbonate, is a massive, gray to
buff limestone that is locally dolomitic (Strobel and
others, 1999). The thickness of the Madison Limestone
increases from south to north in the study area and
ranges from almost zero in the southeast corner of the
study area (Rahn, 1985) to 1,000 feet east of Belle
Fourche (Carter and Redden, 1999d). The Madison
Limestone was exposed above land surface for approx-
imately 50 million years. During this period, signifi-
cant erosion, soil development, and karstification
occurred (Gries, 1996). Numerous caves and fractures
occur within the upper part of the formation (Peter,
1985). Because the Madison Limestone was exposed
to erosion and karstification for millions of years, the
formation is unconformably overlain by the Minnelusa
Formation.

The Pennsylvanian- and Permian-age Minnelusa
Formation consists mostly of yellow to red cross-
stratified sandstone, limestone, dolomite, and shale
(Strobel and others, 1999). In addition to sandstone
and dolomite, the lower part of the formation consists
of shale and anhydrite (DeWitt and others, 1986). The
upper part of the Minnelusa Formation also may
contain anhydrite, which generally has been removed
by dissolution at or near the outcrop areas, forming
collapse features filled with breccia (Bowles and
Braddock, 1963). The thickness of the Minnelusa
Formation increases from north to south and ranges
from 375 feet near Belle Fourche to 1,175 feet near
Edgemont in the study area (Carter and Redden,
1999c). On the southwest side of the study area, there
is a considerable increase in thickness of clastic units as
well as a thick section of anhydrite. In the southern
Black Hills, the upper part of the Minnelusa Formation
thins due to leaching of anhydrite. The Minnelusa
Formation is disconformably overlain by the Permian-
age Opeche Shale, which is overlain by the Minnekahta
Limestone.

The Permian-age Minnekahta Limestone is a
fine-grained, purple to gray laminated limestone with
thicknesses ranging from 25 to 65 feet in the study area
(Strobel and others, 1999). The Minnekahta Limestone
is overlain by the Triassic- and Permian-age Spearfish
Formation.
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Figure 3. Distribution of hydrogeologic units in the Black Hills area (modified from Strobel and others, 1999).
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The Permian- and Triassic-age Spearfish Forma-
tion consists of red, silty shale interbedded with friable,
red sandstone and siltstone, and sparse limestone layers
(Strobel and others, 1999). The lower portion of the
Spearfish Formation contains massive gypsum
(Robinson and others, 1964). The thickness of the
Spearfish Formation ranges from 375 to 800 feet (Gries
and Martin, 1985).

Jurassic-age units consisting of shale and sand-
stone with some limestone and gypsum overlie the
Spearfish Formation and include the Sundance and
Morrison Formations. The Sundance Formation con-
sists of reddish-gray to light-gray siltstone, sandstone,
limestone, and glauconitic sandstone and shale (DeWitt
and others, 1989) and is 250 to 450 feet thick in the
study area (Strobel and others, 1999). The Morrison
Formation is a light-gray siliceous claystone and shale
(DeWitt and others, 1989) with a thickness that ranges
from O to 220 feet (Strobel and others, 1999).

The Cretaceous-age Inyan Kara Group consists
of the Lakota Formation and overlying Fall River
Formation. The Lakota Formation consists of the
Chilson, Minnewaste Limestone, and Fuson Shale
members. The Lakota Formation consists of yellow,
brown, and reddish-brown massive to thin-bedded
sandstone, pebble conglomerate, siltstone, and clay-
stone of fluvial origin (Gott and others, 1974); lenses of
limestone and coal are present locally. The Fall River
Formation is a brown to reddish-brown, fine-grained
sandstone, thin bedded at the top and massive at the
bottom (Strobel and others, 1999). The thickness of the
Inyan Kara Group ranges from 135 to 900 feet in the
study area (Carter and Redden, 1999a).

The Cretaceous-age Graneros Group includes
the Skull Creek Shale, Newcastle Sandstone, Mowry
Shale, and Belle Fourche Shale. The Skull Creek Shale
is a dark gray to black siliceous shale and is 150 to
270 feet thick (DeWitt and others, 1989). The
Newcastle Sandstone is 0 to 100 feet thick and is a gray
to light-brown sandstone and siltstone that contains
beds of bentonite and lignite (DeWitt and others,
1989). The Mowry Shale consists of light-gray sili-
ceous shale with thin bentonite layers and is 125 to
230 feet thick (DeWitt and others, 1989). The Belle
Fourche Shale is a dark-gray bentonitic shale that con-
tains minor limestone lenses and large concretions and
is 150 to 850 feet thick (DeWitt and others, 1989).

The Cretaceous-age Pierre Shale is a dark-gray
to black shale containing minor limestone lenses and

concretions. The thickness of the Pierre Shale ranges
from 1,200 to 2,700 feet (Strobel and others, 1999).

For purposes of this report, alluvial deposits refer
to Quaternary-age alluvium, gravel deposits, and
windblown deposits and Tertiary-age gravel deposits.
Generally, the thickness of these deposits ranges from
0 to 50 feet.

Hydrologic Setting

The hydrologic setting of the Black Hills area is
schematically illustrated in figure 5. The major
aquifers in the Black Hills area are the Deadwood,
Madison, Minnelusa, Minnekahta, and Inyan Kara
aquifers. Aquifers in the Precambrian rocks also were
considered as a major aquifer in this report because
numerous wells are completed in this unit. In some
local areas, wells are completed in strata that generally
are considered semiconfining or confining units. These
local water-bearing strata are referred to as minor
aquifers in this report. This section describes the
hydrologic setting for the major and minor aquifers
considered in this report.

Major Aquifers

The Precambrian basement rocks generally have
low permeability and form the lower confining unit for
the series of sedimentary aquifers in the Black Hills
area. Localized aquifers occur in Precambrian rocks at
many locations in the central core of the Black Hills,
where enhanced secondary permeability results from
weathering and fracturing. These localized aquifers are
referred to as the Precambrian aquifers in this report. In
the Precambrian aquifers, water-table (unconfined)
conditions generally prevail and land-surface topog-
raphy can strongly control ground-water flow direc-
tions. Many wells completed in the Precambrian
aquifers are located along stream channels.

Many of the sedimentary units contain aquifers,
both within and beyond the study area. Within the
Paleozoic rock interval, aquifers in the Deadwood
Formation, Madison Limestone, Minnelusa Formation,
and Minnekahta Limestone are used extensively.
These aquifers are collectively confined by the under-
lying Precambrian rocks and the overlying Spearfish
Formation. Individually, these aquifers are separated
by minor confining layers or by relatively impermeable
layers within the individual units. In general, ground-
water flow in these aquifers is radially outward from
the central core of the Black Hills. Although the lateral
component of flow predominates, extremely variable
leakage (vertical component of flow) can occur
between these aquifers (Peter, 1985; Greene, 1993).

Introduction 9



"eale s||IH %oe|g ay1 jo Bumes oi6ojoaboipAy payijduwis Buimoys oirewsyos -G ainbiy

3TVOS OL LON Ssauxdlyi sAlejoy
pajesabbexa syool Arejuswipas jo dig

Lo Q:Ogmv /
S [ty = e
’, llom Bumold™= =0, -
Jajinbe sbuuds
uosipepy ueIsapy
jo aoeuNs _|
ouleWoNUsl0d
N
$)004 snosubi pue
/ olydiowelaw ueLquedald
Jayinbe JJ
lelAn||y A _ /% y
= /////,
— i
N
LINNONINIINOD [ ] =
A (e}
SHIJINOV HOMVW [ | 4 S S
N N O Uorewiod__°
NOILVYNV1dX3 e ospel
sbunds Suojsown u
/////x lalempesH - ° 2\
U
N < 3 uonewloq
N \ @@ njauul
//////_ @¢O esnisuuliN

Water-Quality Characteristics in the Black Hills Area, South Dakota

10



The Deadwood Formation contains the Dead-
wood aquifer, which overlies the Precambrian rocks.
In general, the Deadwood aquifer serves as a source of
water mainly for domestic and municipal users near its
outcrop area. There may be some hydraulic connection
between the Deadwood and the underlying weathered
Precambrian rocks, but regionally the Precambrian
rocks act as a lower confining unit to the Deadwood
aquifer. Where present, the Whitewood and Winnipeg
Formations act as a semiconfining unit overlying the
Deadwood aquifer (Strobel and others, 1999). These
units locally may transmit and exchange water with the
Deadwood aquifer, but regionally are not considered
aquifers. Where the Whitewood and Winnipeg Forma-
tions are absent, the Deadwood aquifer is in contact
with the overlying Englewood Formation, which
Strobel and others (1999) included as part of the
Madison aquifer.

The Madison aquifer generally occurs within the
karstic upper part of the Madison Limestone; however,
Strobel and others (1999) included the entire Madison
Limestone and underlying Englewood Formation in
their delineation of the aquifer. Numerous fractures
and solution openings in the Madison Limestone
provide extensive secondary porosity in the aquifer.
The Madison aquifer generally is confined by low
permeability layers in the overlying Minnelusa
Formation.

The Minnelusa aquifer occurs within layers of
sandstone, dolomite, and anhydrite in the lower portion
of the Minnelusa Formation and sandstone and anhy-
drite in the upper portion. The Minnelusa aquifer has
primary porosity in the sandstone units and secondary
porosity from collapse breccia associated with solution
of interbedded evaporites and fracturing. The
Minnelusa aquifer is confined by the overlying Opeche
Shale and by low-permeability layers within the
Minnelusa Formation.

The Minnekahta aquifer, which overlies the
Opeche Shale, typically is very permeable, but well
yields are limited by the aquifer thickness. The over-
lying Spearfish Formation acts as a confining unit to
the aquifer.

Within the Mesozoic rock interval, the Inyan
Kara Group contains an aquifer that is used exten-
sively. As much as 4,000 feet of Cretaceous shales act
as the upper confining layer to the Inyan Kara aquifer.

Artesian (confined) conditions generally exist
within the aforementioned aquifers where an upper
confining layer is present. Under artesian conditions,

water in a well will rise above the top of the aquifer in
which it is completed. Flowing wells will result when
drilled in areas where the potentiometric surface is
above the land surface. Flowing wells and artesian
springs that originate from confined aquifers are
common around the periphery of the Black Hills.

Numerous headwater springs originating from
the Paleozoic units at high elevations on the western
side of the study area provide base flow for many
streams. These streams flow across the central core of
the Black Hills, and most streams generally lose all or
part of their flow as they cross the outcrops of the
Madison Limestone (Rahn and Gries, 1973; Hortness
and Driscoll, 1998). Karst features of the Madison
Limestone, including sinkholes, collapse features,
solution cavities, and caves, are responsible for the
Madison aquifer’s capacity to accept recharge from
streamflow. Large streamflow losses also occur in
many locations within the outcrop of the Minnelusa
Formation (Hortness and Driscoll, 1998). Large arte-
sian springs occur in many locations downgradient
from these loss zones, most commonly within or near
the outcrop of the Spearfish Formation. These springs
provide an important source of base flow in many
streams beyond the periphery of the Black Hills (Rahn
and Gries, 1973; Miller and Driscoll, 1998).

Minor Aquifers

In addition to the major aquifers, many other
aquifers, such as the Newcastle and alluvial aquifers,
are used throughout the study area. In addition, many
of the semiconfining and confining units shown in
figure 3 may contain local aquifers. These other and
local aquifers are considered minor aquifers in this
report. This section provides a brief overview from
Strobel and others (1999) of the minor aquifers for
which water-quality data are available.

Local aquifers may exist in the Spearfish con-
fining unit where gypsum and anhydrite have been dis-
solved, increasing porosity and permeability; these
aquifers are referred to as the Spearfish aquifer in this
report. The Jurassic-sequence semiconfining unit con-
sists of shales and sandstones. Overall, this unit is
semiconfining because of the low permeability of the
interbedded shales; however, local aquifers do exist in
some formations such as the Sundance and Morrison
Formation. These aquifers are referred to as the
Sundance and Morrison aquifers in this report.

Introduction 1



The Cretaceous-sequence confining unit mainly
includes shales of low permeability, such as the Pierre
Shale; local aquifers within the Pierre Shale are
referred to as the Pierre aquifer in this report. Within
the Graneros Group, the Newcastle Sandstone contains
an important minor aquifer. Because water-quality
characteristics are very different between the New-
castle aquifer and the other units within the Graneros
Group, water-quality data are presented for the
Newcastle aquifer separately from the other units
within the Graneros Group, known as the Graneros
aquifer in this report.

Gravel deposits of Tertiary age and unconsoli-
dated units of Quaternary age, including alluvium,
colluvium, gravel deposits, and wind-blown deposits,
all have the potential to provide water where these units
are saturated. In this report, these units are collectively
referred to as alluvial aquifers.

Previous Investigations

Numerous reports from previous investigations
contain information on the water quality of ground and
surface water in the Black Hills area. The investiga-
tions described in this section are not exhaustive, but
rather are those that either provide regional water-
quality information or were done as part of the Black
Hills Hydrology Study.

Various investigations have addressed the
quality of ground water in the Black Hills area. Water-
quality data collected from the Inyan Kara aquifer in
the southern Black Hills were presented by Gott and
others (1974). Radium concentrations collected from
wells completed in the Madison aquifer in western
South Dakota were presented by Carda (1975).
Numerous water-quality data were collected in western
South Dakota during the National Uranium Resource
Evaluation (NURE) Program established by the U.S.
Department of Energy. Some of the NURE data col-
lected in the Black Hills area were presented by Union
Carbide Corporation (1979, 1980). Water-quality data
collected from the Madison aquifer in Montana, South
Dakota, and Wyoming were presented in Busby and
others (1983). The quality of ground water in western
South Dakota was summarized for 17 aquifers by
Meyer (1984), and ground-water pollution problems
were summarized in Meyer (1986). Summaries of
water-quality samples collected from the Inyan Kara,
Minnelusa, and Madison aquifers were presented by

Peter (1985) for the Rapid City area and by Kyllonen
and Peter (1987) for the northern Black Hills of South
Dakota and Wyoming. Water-quality data with
emphasis on selenium in the Inyan Kara aquifer in the
Black Hills were presented by Behal (1988). Water-
quality data with emphasis on radionuclides for the
Deadwood aquifer in the Black Hills were presented by
Rounds (1991). Major ion and isotope data for the
Madison aquifer in Montana, South Dakota, and
Wyoming were presented by Busby and others (1991).

Many investigations on the quality of surface
water have been conducted. The general water quality
of streams within South Dakota has been reported
every 2 years in 305(b) assessment reports prepared by
the South Dakota Department of Environment and
Natural Resources (1975-99). Water-quality data and
results from the Rapid City National Urban Runoff
Program were presented by Harms (1983), Harms and
others (1983), and Goddard and others (1989). The
water-quality effects of contaminated sediments on
Whitewood Creek and the Belle Fourche and Chey-
enne Rivers were addressed by Cherry and others
(19864, 1986b, 1986¢), Goddard (1988, 1989a, 1989b,
1990), and Fuller and others (1988, 1989). Water-
quality data, including major ions, properties, trace
elements, and pesticides, that were collected during
1988 as part of irrigation drainage programs were pre-
sented by Greene and others (1990) for the Angostura
Reclamation Unit and by Roddy and others (1991) for
the Belle Fourche Reclamation Project. The water
quality of streams in Custer State Park following the
Galena Forest Fire was presented by Gundarlahalli
(1990). Freeman and Komor (1991) presented a com-
pilation of water-quality data along Rapid Creek for the
period 1946-90, and Williamson and others (1996) pre-
sented data on selected trace elements in Rapid Creek.
Additional summaries of sources of water-quality data
in the Rapid Creek Basin were presented by Zogorski
and others (1990). Information about arsenic loads and
concentrations in Spearfish Creek were presented by
Driscoll and Hayes (1995). Water-quality impacts on
surface water from mining were presented by Rahn and
others (1996).

Several reports contain water-quality data that
were specifically collected as part of the Black Hills
Hydrology Study. Water-quality data for selected
wells, streams, and springs have been published by
Driscoll and Bradford (1994), Driscoll and others
(1996), and Driscoll, Bradford, and Moran (2000).
Water-quality data for selected streams in Lawrence
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County were presented by Torve (1991), Williamson
(1999), and Williamson and Hayes (2000). Nutrient,
chloride, and bacteria data collected during 1988-90 for
the Spearfish Creek Basin in Lawrence County were
presented by Johnson (1992). Water-quality data from
large-discharge springs and selected wells completed
in the Madison and Minnelusa aquifers in the southern
Black Hills were presented by Whalen (1994) and in
northwestern Lawrence County by Klemp (1995).
Water-quality data with emphasis on field properties of
selected headwater springs in the Black Hills were
presented by Wenker (1997).
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WATER-QUALITY CHARACTERISTICS

Data from the USGS National Water Information
System (NWIS) water-quality database, QWDATA,
were examined to characterize the water quality of
aquifers, streams, and springs in the Black Hills area.
QWDATA stores data primarily collected and analyzed
by USGS. The data also are transferred to the U.S.
Environmental Protection Agency (USEPA) water-
quality database, STORET.

Data summarized in this report include samples
collected from October 1, 1930, to September 30,
1998. A selection criterion for including a sample as
part of this analysis was to have a cation/anion balance
within 10 percent. Tables of individual results are not
presented in this report, only summaries. Site specific

data can be requested from the USGS or USEPA. For
some of the constituents summarized in this report,
multiple laboratory reporting limits were used,
resulting in censored values at various levels. If the
majority of detectable levels were less than some of the
censored values, those censored values were removed
because they do not provide additional information for
describing the data set. For the censored data, boxplots
and summary statistics were estimated using a log-
probability regression procedure (Helsel and Gilliom,
1985).

Sampling Sites and Methods

Ground-water and surface-water samples col-
lected as part of studies along Whitewood Creek have
been summarized in previous reports (Goddard, 1988,
1989a; Fuller and Davis, 1989; Fuller and others, 1988,
1989; Goddard and others, 1989) and are not included
in this summary. In addition, samples from wastewater
treatment plant effluents, some miscellaneous mea-
surement sites, and samples from sites obviously
affected by abandoned mines are not included. Sam-
pling locations for ground water and surface water are
presented in figures 6 and 7, respectively. The location
of selected surface-water sites in the Rapid Creek Basin
is presented in figure 7a. Lists of the ground-water and
surface-water sampling sites are presented in tables 15
and 16 in the Supplemental Information section at the
end of the report.

For the majority of the samples collected prior to
the Black Hills Hydrology Study and for all samples
collected during the study, all water-sampling equip-
ment was presoaked in a Liquinox solution, thoroughly
scrubbed, rinsed with tap water, and then rinsed with
deionized water prior to sampling. Samples were
collected using acceptable methods at the time; most
methods are described by Hem (1985) and Ward and
Harr (1990). Field measurements of streamflow, air
and water temperature, pH, dissolved oxygen, and
specific conductance usually were collected. When
more than one site was sampled on a given day, equip-
ment cleaning between sites consisted of a deionized
water rinse and thoroughly rinsing with well or stream
water. After samples were collected, filtered and pre-
served, if applicable, they were shipped to the USGS
National Water Quality Laboratory (NWQL) for
analysis.

Sampling Sites and Methods 13
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Figure 6. Location of ground-water sampling sites.

14

Water-Quality Characteristics in the Black Hills Area, South Dakota

EXPLANATION

MAJOR AQUIFERS
Precambrian
Deadwood
Madison
Minnelusa
Minnekahta
Inyan Kara

MINOR AQUIFERS
Spearfish
Sundance
Morrison
Pierre
Graneros
Newcastle
Alluvial

>>B>D>>> 000000

10 20 MILES
J

0
|
[
0

10

I
20 KILOMETERS



104° 45' 103°30'
ik X
44°45' Belle Fourche » C\z |
Reservoir z B
O - Newell
Yy, @ @i o \ o
2, 98 2 c.
L Fr%ta!c Nisland ¢ 22
BELLE FOURCHE YW Minnesela 4 o
; & P 4OyRCHE RIVER 5
Hay Y ¢ @°
N BUTTE CO
S

REDWATES

Murray
Ditch

LAWRENCE CO| / MEADE CO
. S

EXPLANATION
17/} OUTCROP OF MADISON LIME-

STONE (from Strobel and
others, 1999)

OUTCROP OF MINNELUSA

FORMATION (from Strobel
and others, 1999)

HYDROGEOLOGIC SETTINGS
|:| Limestone headwaters

[ ] Crystaline core

|:| Loss zones and artesian
springs--Outer extent
approximates the outer
extent of the Black Hills

15' 103° area
f [ ] Exteriorplains
SURFACE-WATER SAMPLING
O - SITES BY GROUP
) (S Headwater spring
o] Crystalline core
Shckhawk - ) Artesian spring
S O < | .
i % BoxEier ) Exterior
R e Other
| g £ | RAPID CITY
/Q‘ o,
SR
\nfgﬂfm Sreey
Deerficld -
Reservoir She
LS
o o
Zr )
=! - _
O D Hermosa
3
45' .
Fairburn
0
RS
30' Buffalo Gap ¢} Gy © ]
o Ny o . _ N
FALL RIVER CO & 5
90 g0 SPRINGS ?j,
1 N “
R
1
Cascade
Sprmgs
1
1 %,
ey,
Angostura g
43°15' Reservoir c.
\ S
| 0 10 20 MILES
Base modified from U.S. Geological Survey digital data, 1:100,000 I |I| || T II L1 T J
Rapid City, Office of City Engineer map, 1:18,000, 1996
Universal Transverse Mercator projection, zone 13 0 10 20 KILOMETERS

Figure 7. Location of selected surface-water sampling sites by group.

Sampling Sites and Methods 15



uoYBOIIIUSPI B)IS SJEBDIPUI JaqUINN
--31IS ONINdINVS HILVYM-30VIHNS

00060790
A

AHVANNO4A NISYa M33do didvd —=~—

‘uiseg Y9910 pidey ay1 ul saus Buidwes Jajem-a0euns pajos|as Jo uoneoo] ez ainbiy

NOILVYNVY1dX3
v.1OMvd
@) SH3L3INOTIM 0¢ 0]} 0
9,«/ : | : | |
%, STN 02 o1 0 8/61 ‘dep Hun o160joipAH 000°00S: +
W Aanng [ea160]08K) 'S N WoJ) palipow aseq
=K =R ‘J0LH ‘36'd ‘48'H =AN. | '349'd '3G°H =R ‘3€'d ‘dc'd JL'H
ALNNOD H3LSNO
g~ =~ Te—. - r - - ﬁ - - - 1 r - - - - r I~
o O™ _
L ./Wl\ oo K /\..// 1
/R/ e ° T
/../ \ N
‘S b i ~, .
- * B / ,
% _r ..L/ \. ; .
- \ 7 o < — ~ ~ ,\ C // 1
/ einden b ALID N...— : 11041252 pup 00060190, | i
N K \x\b aidvd 5 \/ \ wn(q plarfiaaq pleisag —
' — 00681790 2 s 7 i ol : _
L /.. mN _.v\wwﬁ_%%ucmw _.vwo;c A1ISIY \:S //;/ ’/ h
. - ueg B
———— Au08TnoH [PUeE BIE
o — .rA -~ \ n
N ..{_ _000¥1¥90 O,
| —— C,
z | 4=
gl _ITL ALNNOO zogz_zzma T m
_ _ _ _ L - - _ _ il
( / M m\../ o =
= >z
aseg 92104 Ay um__._._ X ®
‘N yuoms|I3 M| S
[ Q|m bl
L (@] o) 1
C _O
L Z2 St
_ M__N _ s 4
€0k 2 0s.£01 o0l

Water-Quality Characteristics in the Black Hills Area, South Dakota

16





