
Montana Bureau of Mines and Geology
A Department of Montana Tech of The University of Montana

!(

!(

!(!(!(!(

!(
!(

!(
!(

!(
!(

!(

!( !(!(
!(

!( !(

!(

!(
!(

!(
!(

!(!(!(
!(!(!(!(
!(

!(
!(

!( !(!(!(

!(!(!(

!(

!

Bl O d

.

Figure 5

R10W

R13W

T21N

Flathead R

S Fork 
T17N

T17N

Figure 2. Diagrammatic cross sectio
bedrock and basin fill (from Carstarph

a

c

d

Upper Clark Fork River Ground Water 
Characterization Area

!(200



T05N

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(!(

!(!(

!(

!(

!(

!(!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(
!(

!(

!(!(

!(

!( !(

!(

!(

!(

(

!(

!(

!(!(!(

!(

!(

!(
!(!(

!(
!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(
!(!(

!(!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(!(

!(

!(
!(

!(

!( !(

!(
!(

!(

!(

!(!(

!(
!(

!(

!(

!(

!(

!(

!(
!(

!(

!( !(!(

!(

!(

!(
!(
!(!(

!(
!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(
!(

!(!(!(!(!(

!(

!(

!(

!(
!(

!(

!(!(!(
!(

!(

!( !(

!(!(

!(!(!(
!(

!(!(

!(

!(
!(!(

!(!(

!(!(
!(!(

!(

!(!(

!(!( !(!(!(!(
!(

!(!(!(!(

!(

!(
!(

!(

!(

!(
!(

!(
!(!(

!(

!(
!(

!(

!(

!(!(!(!(
!(!(

!(

!(

!(!(
!(

!(

!(

!(

!(

!(

!(

!(
!( !(
!(!(

!(

!(

!(
!(!(

!( !(

!(
!(

!(
!(

!(

!(

!(

!(!(
!(
!(

!(

!(
!(

!(

!(!(

!(

!(

!(

!(

!(

!(!(

!(
!(!(

!( !(

!(

!(
!(

!(

!(

!(!(

!(

!(

!(

!(!(

!( !(!(

!(

!(
!(

!(

!(

!(

!(

!(!(

!(

!(!(

!(

!(

!(
!(

!(!(!(!(

!(

!( !(

!(

!(

!(
!(

!(!(

!(

!(

!(

!(

!(!(

!(
!(

!(

!(

!(

!(!(
!(

!(
!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(
!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(
!(

!(

!(!(!(

!(

!(
!(

!(

6

5

6

25
7

4
6

5

6

5

88

8

7

4

30

25
70

49

54

15

26

77

65

82

63

63

20 20

29

45

4560

80

28

32
20

23

30

30

35
45

50

5460

60

60

68
80

83

10
10

13

15
20

20

20

20

21
28

34

35
55 64

70
79

10
18

30
45

54

65

80

99

20
3845

50
61

63

73

90
90

15
23

25

30

31

50
5580

93

94

11

15
17

25

20
57

90

20

40 4770
19

25

1520

34

10

12

1520

20
27

80

10

34

50

52
73

90

20
5561

19

18

22

35

80

10

38

47

64

92
72

11

10

65

452

152

160

200 280
380

110 120

135

181250

302

140

186

100

100

118

200

100
130 217

417

513

100

105

142160

185

190

140

143

157

118

140

147

150

150

150
160

160

170

175

180

204320
320 360

417438
440

110
120

146

148

163
178

180

180

222
300

300

174190

210

237

260
990

524

390

413
476

508

104

220

132

132

149

153
170

160

18.5

134.5

27.78

3

0

6

9

3

35

6

7

6 8

18

57

16 10

26

30

36

10

23

25

10
14

14

11

18

20

18

30

19

30

28

11.2

1108.8

Surficial aquifer wells
up to 110 feet deep

  0 - 100
>100 - 200
>200 - 300
>300 - 500
>500 - 1135

Bedrock well 
depths in feet:

Legend

1 Mile

Reported depth
to water, in feet

452

!(

!(

!(

!(

!(

!(

on illustrating stratigraphic relationships between 
hen and others, 2004). The groundwater-flow paths 

a

b

R14W R13W

Georgetown Lake

Silver

Lake



!(

!( !(

!(!(

!(

!(

!(
!(

!(

!(

!(
!(

!(!(

!(

!(

!(!(

!(

!(!(
!(!( !(

!(

!(

!(
!(

!(
!(!(

!(!(!(

!(
!(!(

!(

!( !( !(!(!(!(
!(

!(!(!(!(!(!(!(!(!(
!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(

!(
!(

!(

!(

!(

!(

!(!(

!(

!(
!(!(!(

!( !(

!(!(!(

!(!( !( !(

!(

!(
!(!(

!(

!(!(!(

!(!(

!(
!(!(

!(

!(

!(!(

!(!(

!(

!(

!(

!(!(!(
!(

!(

!(
!(

!(
!(

!(!(

!(
!(

!(
!(

!(
!(

!(

!(
!(!(

!(

!(
!(!(

!( !(

!(
!(

!(!(

!(
!( !(

!(

!(

!(!(
!(

!(
!(!(!(!(

!(
!(!(

!(
!(

!(
!(

!(

!(

!(

!(
!(!(

!(

!(

!(

!(

!(

!(

!(
!(

!(
!(

!(
!(

!(

!(!(
!(

!(
!(!(
!(!(

!(!(

!(

!(!(

!(
!(!(!(!(!(
!(

!(!(!(!(

!(

!( !(

!(!(

!(!(
!(

!(!(

!( !(

!(
!(!(

!(!(

!( !(
!(!(

!(!(
!(!(

!(

!(!(

!(!(!(!(!(

!(
!(

!(

!(!(

!(!(
!(!(!(!(

!( !(!(
!(

!(

!( !(
!(

!(
!(

!(

!(

!(

!(!(!( !(!(

!(!(
!(

!(
!(
!( !(

!(

!( !(

!(
!(!( !(

!(
!(!(!(

!(

!(

!(

!(
!(

!(!( !( !( !(
!(!(

!(

!(
!(

!(!(
!(

!(
!(

!(!(

!(

!(!(
!(!(
!( !(

!(

!(!(!(

!( !(!(!(
!(

!(

!(

!( !(

!(

!(
!(

!( !(!( !( !(!(

!(

!(!(!(

!(

!(

!(!(
!(!(

!( !(

!(!(
!(

!(

!(

!(
!(

!(
!(

!( !(

!(
!(!(!(!(!(

!(!(!(!(

!(

!(!(!(

!(!(!(

!(!(!(

!(
!(

!(
!(!(

!(!(
!(!(

!(
!(

!(

!(!(
!(!(

!( !(

!(
!( !(

!(
!(

!(
!(

!(
!(

!(

!(

!(

!(

!( !( !(!(

!(
!(!( !(

!(
!(!(

!(!(
!(

!(

!(!(!(

!(

!(!(
!(!(

!(
!(

!(

!(!(

!(

!(

!(

!(

!(
!(

!(

!(
!(

!(

!(
!(

!(!(!(!(!(!(!(

!(

!(
!(

!( !(!(!(

!(!(
!(
!(!(!(

!(
!(

!(!(!(

!(
!(

!(
!(!(

!(!(!(!(!(

!(
!(!(
!( !(

!(

!(!(!(
!(!(

!(

!(!(

!(

!(
!( !(

!(
!(

!(!(!(!(
!(

!(

!(

!(!(
!(

!(!(!(

!(!(!(
!( !(!(

!(!(!(
!(

!(
!(

!(!(

!(!(

!(

!(!(!(
!(

!(
!(

!(
!(

!( !(!(

!(
!(!(

!(!(
!(!(

!(
!(
!(

!( !(

!(!(

!(!(

!(

!(
!(

!(
!(

!(!( !(

!(

!(

!(!(!(
!(!(
!(

!(

!(!(!(!(!(

!(

!(

!(

!(

!(!(
!(!(!(!( !(!(!(!(

!(
!(

!(!(

!(
!(

!(!(!( !(!(

!(
!(

!(!(!(

!(

!(
!(

!(

!(
!(!(

!(

!(
!(!(!(

!(!(!(!(

!( !(

!(

!(

!(
!(

!(

!( !(!(

!(

!(

!(

!(!(
!(

!(!(

!(

!(

!(

!(

!(!(!(!(
!(!(!(!(!(

!( !(!(

!(!(!(

!(
!(

!(

!(
!(
!(

!(!(!(

!(!(

!(

!(
!(

!(

!(
!(

!(!(
!(

!(

!(!(!(

!(
!(
!(!(

!(

!(!(
!(

!(

!(

!(

!(
!(!(

!(

!(
!(

!( !(!(
!(

!(

!(!(

!(!(

!(

!(
!(

!(
!(!( !(

!(

!(

!(

!(

!(

!

!

!

!

!

!

!

 DEER
LODGE

GRANITE

SILVER
  BOW

POWELL

Clark Fork

Little
 Blackfoot R

Rock Creek

Ross F
k

Middle Fk

Silver Bow Creek

Flin
t C

r
Racetrack Cr

Blackfoot R

Warm Springs Cr

Ovando

Drummond

Philipsburg

Anaconda

Warm Springs

Deer Lodge

Walkerville

BUTTE

Public lands County boundaries

0 9 18 Miles
Scale

Inset 2

Figure 7

Inset 3

Inset 1

Figure 6

Legend

T12N

T07N

R14W

R17W

T12N

R07W

T07N

T03N

R17W

T01N
R13W

R10W

T02S

R06W

T03N

f (f p
(blue arrows) added here illustrate exam
materials and (b) shallow, (c) intermed

§̈¦90

!(141

£¤12

!(1

!(1

!(38

§̈¦90

§̈¦15

Each intermontane basin is a somewhat 
1996). Depending on thickness and layeri
and deep groundwater flow components (f
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exceeding vertical permeability, and the e
single hydrogeologic unit. Typically, inter
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Unconsolidated surficial sediments associ
generally coarse-grained and, where suffic
are generally recharged from direct precipi

Groundwater levels fluctuate in response t
occurring at annual, diurnal, seasonal, or m
level changes in any particular well depen
pumping), and the aquifer’s hydrologic pro
seasonal and surficial water-level influence

Within the study area, many wells displa
irrigation activity beginning in about mid
irrigation ditches and canals and applied ir
source of groundwater recharge. In these a
the irrigation season, stay elevated with s
after the irrigation season; at some sites the

Methods 

The maps on this plate were constructed b
level measurements and estimated water le
guide the contouring, as were potentiome
Philipsburg valleys (Voeller and Waren, 
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several areas along the Big Hole River (M
measurements were collected between F
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township and section lines are 
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right corner of the sheet.

) g f p
mples of how groundwater flows through (a) bedrock 

diate, and (d) deep paths through basin-fill aquifers.  

Figure 4. Georgetown Lake area well depths in Township 5 North, Ranges 13 and 14 West.

.isolated groundwater flow system (Kendy and Tresch, 
ing of the basin fill, there may be shallow, intermediate, 
fig. 2). Recharge occurs from irrigation practices, stream 
adjacent bedrock units. The layered Tertiary basin-fill 

water-bearing zones at any particular location.  

nts generally result in horizontal permeability greatly 
entire basin fill and surrounding bedrock often act as a 
rmontane basins have discernible groundwater discharge 
permeable bedrock forces water upward to the surface to 
ning-stream reaches.  

iated with either modern streams or glacial features are 
ciently thick and saturated, make excellent aquifers. They 
itation, irrigation practices, and surface water.  

to a wide variety of natural and anthropogenic influences 
multi-year frequencies (Freeze and Cherry, 1979). Water-
nd on sources and types of recharge, discharge (including 
operties. Deep wells, somewhat removed from short-term 
es, tend to best reflect long-term climate. 

ay water-level changes clearly associated with seasonal 
-April and lasting through the end of September. Leaky 
rrigation water not utilized by crops can be a significant 
areas, water levels tend to rise dramatically at the start of 
some irregularities during summer months, and decline 
e decline continues until the next irrigation cycle begins.  

by hand-contouring a combination of inventoried water-
evels from driller’s logs. Topographic maps were used to 
etric maps from previous studies in the Drummond and 
1997), the Kleinschmidt Flat northeast of Kleinschmidt 
eer Lodge Valley (Konizeski and others, 1968), and in 
Marvin and Voeller, 2000). The inventoried water-level 
February 2000 and July 2002 by the Ground Water 
set included 779 measured water-level altitudes in wells 
nd others, 2004). Locations of inventoried sites were 
ade GPS units and are accurate to within 50 ft (15 m). 

Descriptions of selected areas 

Georgetown Lake 

The Georgetown Lake area is shown in figure 4 and in the lower-left part of figure 6. This area 
contains more than 400 well records, about 67 percent of which have been drilled since 1990.  
Figure 4 displays the locations of wells reportedly completed in surficial unconsolidated aquifers, 
generally sand and gravel materials (white circles), and the depth ranges of bedrock wells by color. 
Static water-level depths are labeled throughout the figure. There are many surficial aquifer and 
shallow bedrock wells along certain edges of the lake. Deep wells are prevalent along the west 
shore and east of the lake. The lake altitude on the USGS 1:24,000 topographic map is 6,378 ft, 
nearly the same as the 6,383-ft mean groundwater-level altitude reported for bedrock wells within 
about 1.25 miles of the lake (all altitudes are reported as feet above mean sea level). Groundwater-
level altitudes in this area range from 6,095 to more than 6,700 ft. About half of the bedrock wells 
have water-level altitudes within about 50 ft of the lake level, in the range of 6,330 to 6,430 ft. The 
configuration of the potentiometric surface (fig. 6) indicates that on the northeast and southeast 
sides regional groundwater flow is toward the lake. The median reported well yield is 18 gpm, with 
the majority of reported yields ranging from 5 to 40 gpm. 

Blackfoot River and Nevada Creek area 

The Blackfoot River and Nevada Creek area is shown in figure 5. Much of the valley floor is 
covered with unconsolidated glacial till. The till typically consists of clay with varying amounts of 
sand, gravel, and boulders. Till often contains many somewhat separate and disjointed water-
bearing zones rather than acting as a single, unified aquifer. Consequently, water levels and well 
depths are more variable than those observed in coarse, more homogeneous materials. 

Kleinschmidt Flat, northeast of Kleinschmidt Lake (fig. 5), is a coarse-grained outwash plain of 
thick sand, gravel, and conglomerate; the deposits are reportedly cemented at many localities. The 
outwash aquifer is bounded by relatively impermeable bedrock or till on all sides. Water enters the 
aquifer as direct losses from the North Fork Blackfoot River and its tributaries at the upper end of 
the flat, as well as from irrigation losses and direct infiltration of precipitation and snowmelt 
(Roberts and Waren, 2001). Groundwater levels at the upper, northeast end of Kleinschmidt Flat 
fluctuate seasonally as much as 45 ft. These fluctuations diminish downgradient toward the 
discharge area marked by many springs and spring creeks. In the discharge zone, groundwater 
levels are relatively stable, changing only a few feet annually.  

Fli t C k B i D d d Phili b V ll
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Figure 1. Study area map with land ownership information and key to the locations 
of selected figures. 
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Potentiometric Surface Map of Basin Fill and Selected 
Bedrock Aquifers: Deer Lodge, Granite, Powell, and 

Silver Bow Counties, Montana
By

Kirk B. Waren and John I. LaFave
Author’s Note: This map is part of the Montana Bureau of Mines and Geology (MBMG) Ground  Water 
Assessment Atlas for the Upper Clark Fork River Area. It is intended to stand alone and describe a single 
hydrogeologic aspect of the study area, although many of the area’s hydrogeologic features are interrelated. 
For an integrated view of the hydrogeology of the Upper Clark Fork River Area, the reader is referred to 
other maps and reports of Montana Ground Water Assessment Atlas 5. 

Introduction 

This map portrays potentiometric surfaces for surficial unconsolidated, basin-fill, and bedrock 
aquifers at selected locations within the Upper Clark Fork River Ground Water Characterization 
Area. Figure 1 shows the study area, principal geographic and cultural features, and the extents of 
maps in figures 5, 6 and 7, and insets 1, 2, and 3.   

A potentiometric surface represents the altitude to which water levels will rise in wells completed 
in an aquifer. In the study area, most wells are completed within the surficial unconsolidated 
alluvial and Tertiary basin-fill deposits or in fractured rock on the valley margins. The 
potentiometric surfaces depicted here are based on water levels in wells of the most common 
d h i l l i I l h i i f i bd d i

Land-surface altitudes at inventoried well 
1:24,000 topographic maps and are gener
contour intervals). These inventoried da
potentiometric contours. The well locatio
larger symbols on the maps: yellow circl
Tertiary basin-fill wells, and green squares

The inventoried data set was supplemente
driller's logs at 5,810 sites. The estimate
measured data were sparse, and helped co
of better primary data coverage. A geogr
model (DEM) was used to determine the 
levels. The reported water level was sub
groundwater altitude. Because of uncertain
the accuracy of the estimated groundwate
Wells with estimated groundwater levels a

Between 2000 and 2003, monthly water
provide insight regarding seasonal fluctuat
a star on the maps. Selected hydrographs f
7, with the border color of the hydrograph
well is completed: yellow for surficial unc
bedrock. The hydrographs depict the va
seasonal groundwater fluctuations across th

Geologic maps including the state geo
Assessment Atlas 5, Map 2 (Smith, 2009)
(Berg and Hargrave, 2004) were used to a
area, most of the wells (46%) are com
completed in fractured-bedrock aquifers, an

Reported information on driller’s logs w
surficial unconsolidated, Tertiary basin-fil
variety of different methods (pumping, air
time periods (less than one to several h
measurements but give a general indicatio
reported well yield for the surficial uncons
minute (gpm); however, there is a greater r
aquifers (fig. 3a). The median well yield i
Of the 2,169 surficial aquifer wells with
Tertiary aquifer wells exceeded 500 gpm, 
gpm. Median reported well depths for the
ft; Tertiary basin-fill aquifers, 105 ft; and b
d th i ill t t d i fi 3b Th l



locations were interpreted from U.S. Geological Survey 
rally accurate to +/- 5 to 10 ft (based on 10 and 20 ft 
ata were the primary data set used to compile the 
ons with measured water levels are represented by the 
les for surficial unconsolidated wells, orange circles for 
s for bedrock wells. 

ed by estimated groundwater altitudes determined from 
ed groundwater altitudes were used in areas where the 
onfirm the shape of the potentiometric surface(s) in areas 
aphic information system (GIS) with a digital elevation 
land-surface altitude at sites with driller-reported water 

btracted from the land-surface altitude to determine the 
nties associated with locations and driller’s measurements 
er-altitude data is much less than the primary data set. 

are represented on the maps by the smaller symbols . 

r-level measurements were obtained from 86 wells to 
tions of groundwater levels.  These sites are indicated by 
from some of these wells are shown in figures 5 through 
h matching the legend color for the aquifer in which the 
consolidated, orange for Tertiary basin fill, and green for 
ariability with regard to the timing and magnitude of 
he study area and between aquifers. 

ologic map (Vuke and others, 2007), Ground-Water 
), and detailed geologic maps for the Deer Lodge Valley 
ssign source-aquifer codes to the wells. Within the study 

mpleted in surficial unconsolidated aquifers, 29% are 
nd 25% are completed in Tertiary basin-fill aquifers.   

as evaluated to summarize well depth and yields from 
ll, and fractured-bedrock aquifers (fig. 3). Drillers use a 
r-lift, bailing, etc.) to determine well yields over varying 
hours). The reported yields are not considered precise 
on of the well, hence aquifer, productivity. The median 
solidated and Tertiary basin-fill aquifers is 20 gallons per 
range in reported yields from the surficial unconsolidated  
s about 15 gpm for wells completed in bedrock aquifers. 
h reported yields, 35 exceeded 500 gpm; 21 of 1,265 
and only 8 of 1,620 bedrock-aquifer wells exceeded 500 

e three aquifers are: surficial unconsolid ated aquifers, 43 
bedrock aquifers, 160 ft. The distribution of reported  well 

ll i ld d id i ll d th f b d k

Flint Creek Basin: Drummond and Philipsburg Valleys 

The Flint Creek basin is shown in figure 6, with the Drummond Valley shown in the top center and 
the Philipsburg Valley in the lower left. Predominant aquifers include sand and gravel deposits 
capping the Tertiary deposits northwest of Hall, alluvial sediments in the floodplains of Flint and 
Willow creeks, and Tertiary deposits. Logs for deep wells completed in Tertiary sediments 
typically report siltstone or shale at depth. In many of these wells, groundwater is encountered in 
either thin sand and gravel layers or fractures in semi-consolidated rock. 

The Drummond and Philipsburg Valleys were the subject of a detailed irrigation return flow study 
in the mid-1990s (Voeller and Waren, 1997). The hydrology of both valleys is highly influenced by 
irrigation activity and the importation of water from the East Fork Rock Creek reservoir. 
Groundwater levels in many areas fluctuate seasonally, largely in response to irrigation practices; 
the hydrograph for well 63339 in the upper-middle part of figure 6 is a good example. Voeller and 
Waren (1997) provide detailed discussions of the water budget, including irrigation return flows 
calculated from four separate sub-basins. Irrigation return flow from excess irrigation water in the 
Flint Creek basin, much of it stored and released from basin-fill aquifers, approaches 100 cubic ft 
per second after irrigation stops at the end of the summer. This return flow diminishes over a 
period of months as groundwater levels decline. Hydrographs from a shallow—deep nested well 
pair located on the valley margin southwest of Drummond (wells 15483 depth water enters [DWE] 
= 127 ft and 15484 DWE = 40 ft) demonstrate a downward vertical gradient. Downward gradients 
are common in recharge areas along valley margins. Away from the recharge areas vertical 
gradients diminish as flow becomes lateral toward the topographically lower discharge areas. 

Deer Lodge Valley 

The Deer Lodge Valley (fig. 7) is characteristic of the intermontane basins of southwestern 
Montana. It is approximately thirty miles in length between where Silver Bow Creek enters at its 
upper end and where the Clark Fork River exits north of Deer Lodge. It is generally less than 15 
miles wide. Konizeski and others (1968) provide an overview of the hydrogeology of the valley. 
Surficial unconsolidated sediments are found in the floodplain of the Clark Fork River and 
numerous tributary valleys as shown in figure 7. Tertiary basin-fill underlies the surficial deposits 
and is thousands of feet thick (Smith, 2009). In many parts of the valley, especially high on 
benches underlain by Tertiary sediments, deep wells tend to have lower altitude water levels, 
demonstrating downward vertical gradients. 

Summit Valley – Butte Area 

The Summit Valley in the southeast part of the study area (fig. 7) is surrounded by granitic rock 
(quartz monzonite). As much as 800 ft of basin-fill sediments overlie bedrock near the valley 
center. Additional potentiometric-surface contours with a 20 ft contour interval are available for 
some areas within the gray rectangle shown in figure 7. The rectangle represents the extent of 
MBMG Ground-Water Open-File Report 22 (LaFave, 2008), which focused on nitrate in 
groundwater and surface water in the Summit Valley. Unconsolidated surficial sediments in the 
S i V ll d i h il d l d h i i i i l



depths at any particular location. In general, the potentiometric surface is a subdued representation 
of the regional topography; the highest groundwater altitudes coincide with the regional 
topographic highs and the lowest altitudes with the regional topographic lows. Lateral groundwater 
movement will be in a direction perpendicular to potentiometric contours from higher to lower 
altitudes. 

The maps are based on about 800 measured water-level and spring altitudes gathered during site 
visits between February 2000 and July 2002. In addition, data from previous groundwater 
investigations and reports were used where they provided additional detail; reported water levels 
from driller’s well logs and water rights applications were used where measured data were sparse. 
All the water-level data used to compile this map are available from the MBMG’s Ground Water 
Information Center (GWIC).  

Geologic setting 

The geologic setting of the Upper Clark Fork River Ground Water Characterization Area is 
described in detail in Montana Ground Water Assessment Atlas 5, Map 2 (Smith, 2009).  The area 
consists of bedrock-cored mountains that separate large valleys. The valleys are connected by 
distinct canyons along major streams. Smith (2009) defines three principal categories of geologic 
materials: surficial unconsolidated sediments, Tertiary sedimentary rocks, and bedrock.   

On this plate, areas indicated as bedrock combine many types of consolidated rock. See Smith 
(2009) for a more complete discussion of the geologic setting and detail on bedrock geology. 
Bedrock forms most of the mountainous parts of the study area and is also present beneath the 
basin fill. Within the mountainous areas, there are mapped and unmapped surficial unconsolidated, 
glacial, and stream-deposited sediments of limited extent.  

During the Tertiary period (about 65 to 2.6 million years ago), large, wide valleys in western 
Montana, such as the Deer Lodge Valley, were structurally down dropped relative to surrounding 
mountains, and filled with hundreds to thousands of feet of Tertiary and younger sediments (Smith, 
2009). Tertiary sediments are typically layered, poorly consolidated deposits that include clay, silt, 
sand, gravel, conglomerate, shale, sandstone, and volcanic ash; they may include minor amounts of 
limestone, coal, and volcanic rock. Typically the materials are more consolidated at depth, and if 
consolidated, are often fractured. 

Unconsolidated surficial sediments in the floodplains and under terraces along modern streams 
typically include sand, gravel, silt, and lesser amounts of clay; in some areas the deposits are 
glacially deposited till (gravelly clay, silt, sand, and boulders) and outwash (sand and gravel). 
These surficial deposits are typically less than 70 ft thick, but in a few places, notably in the 
Blackfoot River and Nevada Creek valleys (fig. 5), the till and outwash may be more than 200 ft 
thick. 

Within the intermontane basins, basin-fill aquifers are saturated Tertiary sedimentary rocks and 
unconsolidated surficial sediments that can deliver water to wells. Basin-fill aquifers are bounded 
along the valley margins by fractured bedrock aquifers Figure 2 is a diagrammatic cross section

depths is illustrated in figure 3b. The lowe
wells reflect variable fracture densities and
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er well yields and wide range in well depths for bedrock 
d permeabilities in bedrock aquifers. 

provide estimated directions of the horizontal component 
ally moves perpendicular to the contours, from higher to 
epth to groundwater can be made by subtracting a 
land-surface altitude at a desired location, or by simply 
arby existing well records. For more information, well  

m the GWIC website (http://mbmggwic.mtech.edu/). The 
ted to be accurate to +/- one-half the contour interval at 

al where the contours are dashed. For example, where the 
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on, field measurement errors, accuracy of well locations, 
hich water levels have been measured are distributed 
near points of measurement.  In some areas, seasonal 
xceed 20 ft (see hydrographs for selected wells for 

uations). Large seasonal fluctuations in water levels may 
n groundwater flow direction. Additional details about 
th supplemental contours is provided in Konizeski and 
Marvin and Voeller (2000), Roberts and Waren (2001), 

Summit Valley are sandy with poor soil development due to their granitic source material, so 
mobile ions like nitrate readily move through the sediment and into the groundwater (LaFave, 
2008). The lack of irrigation development in the Summit Valley is reflected by small seasonal 
fluctuations in local hydrographs. Apparent downward water-level trends shown in Summit Valley 
hydrographs are related to dry climate during the study period. 

Geothermal features 

Warm and hot springs are present in the Deer Lodge Valley, to the northwest along the Clark Fork 
River, and also near Avon (Sonderegger and Bergantino, 1981). The warm springs have 
temperatures in the range of about 70 to 80 degrees Fahrenheit, while hot springs at Gregson, about 
5 miles south of Opportunity and at Warm Springs are 158 and 172 degrees Fahrenheit, 
respectively. Wells between 300 and 600 ft deep at Gregson provide hot water to Fairmont Hot 
Springs resort. The Deer Lodge Valley, the Clark Fork Valley in Granite and Powell Counties, and 
the valley of the Little Blackfoot River are all mapped as areas expected to contain geothermal 
resources suitable for direct heat applications (Sonderegger and Bergantino, 1981). 

Data sources 

Base layers of physiography, hydrology, and cultural features were derived from Geographic 
Information System coverages available at the Montana State Library Natural Resource 
Information System, Helena, Montana (http://nris.mt.gov/). 

Acknowledgments 

This work was supported by the Ground Water Characterization Program at the Montana Bureau of 
Mines and Geology. Information extracted from the Ground Water Information Center database by 
the database manager, Luke Buckley. The map and text were improved by reviewers Thomas 
Patton, John Metesh, Jake Kandelin, and Jim Stimson. Edited by Susan Barth. 

References 

Bayuk, D.S., 1989, Hydrogeology of the Lower Hayes Creek Drainage Basin, Western Montana, M.S. 
Thesis, University of Montana, 230 p. 

Berg, R.B., and Hargrave, P.A., 2004, Geologic map of the Upper Clark Fork Valley, southwestern Montana: 
Montana Bureau of Mines and Geology Open-File Report 506, 10 p., 2 sheets, 1:50,000. 

Carstarphen, C.A., Mason, D.C., Smith, L.N., LaFave, J.I., and Richter, M.G., 2004, Data for water wells 
visited during the Upper Clark Fork River Area ground-water characterization study: Deer Lodge, Granite, 
Powell, and Silver Bow counties, Montana (open-file version): Montana Bureau of Mines and Geology 
Ground-Water Assessment Atlas 5B-01, 1 sheet, 1:250,000. 

Freeze, R.A., and Cherry, J.A., 1979, Groundwater: Englewood Cliffs, N.J., Prentice-Hall, 604  p. 

Kendy, E., and Tresch, R.E., 1996, Geographic, geologic, and hydrologic summaries of intermontane basins 
of the northern Rocky Mountains, Montana: U.S. Geological Survey Water Resources Investigations Report 
96 4025 233 p

Tertiary Bedrock Tertiary
basin-fill aquifer

Bedrock
 aquifer

n = 1,365 n = 1,620



along the valley margins by fractured-bedrock aquifers. Figure 2 is a diagrammatic cross section 
showing general relationships between bedrock aquifers and basin-fill materials, and general 
groundwater flow paths. 

Hydrogeologic setting 

Precipitation is more abundant in the surrounding mountainous areas than in the inset valleys. 
Water, seasonally stored and released from mountain snowpack, contributes substantially to spring 
and summer stream flow. The greatest water use in the Upper Clark Fork River Area is irrigated 
agriculture. Most of the irrigated acreage is located in the valley bottoms where precipitation is less 
than in the mountains, but where the growing season is longer. 

Mountainous areas surrounding the valleys are typically underlain by consolidated bedrock, such as 
granite, basalt, meta-sedimentary quartzites, and argillites (Smith, 2009). Permeability in these 
rocks is through interconnected fractures that typically become less connected with depth (Freeze 
and Cherry, 1979). Bayuk (1989) noted that specific yields in Belt Supergroup bedrock southwest 
of Missoula, Montana, decreased by a factor of four at depths greater than 250 ft.  

Water that infiltrates into the fractured bedrock in the mountains percolates downward and then 
moves laterally outward from the mountains to the valleys as permeability allows. The lateral 
movement of water from the mountains to the valleys is a source of recharge to basin-fill aquifers, 
and can provide baseflow to streams or appear as springs.  

0

100

200

300

400

500

600

Key 
Percentile:
95th
75th

5th

50th
25th

R
ep

or
te

d 
W

el
l D

ep
th

, f
t

b.
Surficial 
aquifer

Figure 3. Distribution of (a) well  yields
unconsolidated, Tertiary basin-fill, and 

n = 2,655



96-4025, 233 p. 

Konizeski, R.L., McMurtrey, R.G., and Brietkrietz, A., 1968, Geology and ground-water resources of the 
Deer Lodge Valley, Montana: U.S. Geological Survey Water-Supply Paper 1862, 55 p. 

LaFave, J.I., 2008, Nitrate in the ground water and surface water of the Summit Valley near Butte, Montana: 
Montana Bureau of Mines and Geology Ground-Water Open-File Report 22, 35 p. 

Marvin, R.K., and Voeller, T.L., 2000, Hydrogeology of the Big Hole Basin and an assessment of the effect 
of irrigation on the hydraulic budget: Montana Bureau of Mines and Geology Open-File Report 417 

Roberts, M., and Waren, K., 2001, North Fork Blackfoot River hydrologic study: Montana Department of 
Natural Resources and Conservation Report WR-3.C.2.NFB, 38 p. 

Smith, L.N., 2009, Hydrogeologic framework of the Upper Clark Fork River Area: Deer Lodge, Granite, 
Powell, and Silver Bow Counties: Montana Bureau of Mines and Geology Ground-Water Assessment Atlas 
5B-02, 1 sheet, 1:250,000. 

Sonderegger, J.L., and Bergantino, R.N., 1981, Geothermal resources map of Montana: Montana Bureau of 
Mines and Geology, Hydrogeologic Map 4, 3 p., 1 sheets, 1:1,000,000.  

Voeller, T., and Waren, K., 1997, Flint Creek return flow study: Montana Bureau of Mines and Geology 
Open-File Report 364, 116 p. 

Vuke, S.M., Porter, K.W., Lonn, J.D., and Lopez, D.A., 2007, Geologic Map of Montana: Montana Bureau 
of Mines and Geology Geologic Map 62A, 73 p., 2 sheets, 1:500,000.  

 

 

 Tertiary
basin-fill aquifer

Bedrock
 aquifer

s, and (b) well depths: among  surficial
bedrock aquifers.

n = 1,470 n = 1,687



!(

!(

")

!(

!(
!(

!(

!(

!(

!(

!(

!(
!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
") !(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(
!(

!(

!(

_̂

_̂

_̂

!(

4200

4100

4000

3900

4100

4200

4400

4300

40
00

4200

4000

41
00

42
00

4240

4260

4280

4220

4180

3918

3860 3902

4025

4025

4074

4117

4162

4161

4107

4098
4072

4020

4067
4059

4270

4319

4077

4254
4198

4222

4217 42764258

4264

4222
4421

4286 4313

4445
4460

4338 4349
4396

4357

4521

4150

4306

4194

4205

4143
4167

4170

!(

")

")

!( ")

")

")

")

!(

")

!(

!(

")
!(

4200

4100

42

4194

4136 4

4166

41404131

4108

4815

4683 4702

4652

418

R10W

T15N
T15N

Ovando

R11WR12WR13W

Kleinschmidt
         Lake

Browns
 Lake

20
Jan-00 Jan-01 Jan-02 Jan-03

Well 143633
DWE = 110 ft

65

75

85

95

105

Jan-00 Jan-01 Jan-02 Jan-03

D
ep

th
 to

 W
at

er
 (f

t)

Well 152543
DWE = 115 ft

95

100

105

110

115

Jan-00 Jan-01 Jan-02 Jan-03

D
ep

th
 to

 W
at

er
 (f

t)

Well 71610
DWE = 208 ft

!(200

Blackfoot RN Fork



")

")

!(

!(

")

")

")

")
")

")

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

")

!(")

!(

")

")

!(

!(

")

!(

")

")

")")

")

")!(

!(

!(

")

")

!(

")

")

!(

") !(

!(

")

!(!(

!(

")

!(

")

_̂

_̂

_̂
_̂ _̂

_̂

_̂̂_

!(!(

!(

!(

4800

48
00

4200

4300

4400

4800

4400

4600

4500

47
00

4300

300

49
00

4185 41844163 4165

4205

194

36 4149

4162

417541954166

4201

4345

4729

4693
4695

4707

4696 4742

4815

4748

47674775
4744

4757

4779

497649764914

4841

4794

4851

4939 4951

5234
5282

4437

4296

4268
4282

4264

4331

4415

4471 4500
4511

4442

46394607
4468

4862

4622

4920

4180

5240

49254915

Garrison

Avon

Blackfo
ot

T10N

R10W R09W R08W

Li
ttl

e
R

0

5

10

15

20

Jan-00 Jan-01 Jan-02 Jan-03

D
ep

th
 to

 W
at

er
 (f

t)

Well 63181
DWE = 24 ft

Jan-00 Jan-01 Jan-02 Jan-03

Well 184126
DWE = 30 ft

25
Jan-00 Jan-01 Jan-02 Jan-03

Well 174343
DWE = 70 ft

    Montana Ground Water Assessment Atlas 5,  Map 3
                                                        July 2011 

§̈¦90 £¤12



!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!( !(!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

")

")

!(

!(

")

!(

!(

!(

!(

")

")

!(

_̂

_̂

_̂

_̂

_̂

!(

4300

4300

4400

4400

4700

4500

4400

4300

4400

4600
4600

4290

4306

4229

4302

4289
4269

4280

4328

4298

4360

4318

42354233

4251

4365

4297

4302

4304
4286

4300

4291

44024371

4363

4559

4570 4547

4507

4471

4437

4403
4410

4795

4780
4694

4693

4658

4648

4858

4672

4720

!(

!( !(!(

!(

")

!(
")")

")

")!(

§̈¦903800

3718

3743
3787

3780

3790

3782

3809

3902
3891

3825

3822
3808

3790

")!(4787

4815

    Rock
  Creek
Lake

Bearmouth

Clark Fork

R14W

Figure 5. Blackfoot River and Nevada Creek area.

T11N

R13W

0 3 61 2 4 5
Miles

Scale 1:160,000

T07N

T08N

T12N T12N

T13N

T14N

T13N

R12WR13W

Nevada

GRANITE
POW

ELL

Cr

Blackfoot River

         Lake  Lake

Helmville

20

25

30

35

40

Jan-00 Jan-01 Jan-02 Jan-03

D
ep

th
 to

 W
at

er
 (f

t)

10
15
20
25
30
35
40
45
50

Jan-00 Jan-01 Jan-02 Jan-03

D
ep

th
 to

 W
at

er
 (f

t)

Well 145979
DWE = 80

0

5

10

15

20

Jan-00 Jan-01 Jan-02 Jan-03

D
ep

th
 to

 W
at

er
 (f

t)

Well 131374
DWE = 61 ft

0

10

20

30

40

Jan-00 Jan-01 Jan-02 Jan-03

D
ep

th
 to

 W
at

er
 (f

t)

Well 147279
DWE = 55 ft

30

35

40

45

Jan-00 Jan-01 Jan-02 Jan-03

D
ep

th
 to

 W
at

er
 (f

t)

Well 65787
DWE = 40 ft

10

15

20

25

Jan-00 Jan-01 Jan-02 Jan-03

D
ep

th
 to

 W
at

er
 (f

t)

Well 161943
DWE = 140 ft

150

155

160

165

170

Jan-00 Jan-01

D
ep

th
 to

 W
at

er
 (f

t)

Well 13133
DWE = 272

20

25

30

35

40

Jan

D
ep

th
 to

 W
at

er
 (f

t)

0

5

10

15

20

Jan

D
ep

th
 to

 W
at

er
 (f

t)

!(141

.
Montana NAD 1983 State Plane Coordinate System



!(

!(

")

!(

!(!(

!(

!(

!(!(

!(!(

!(!(

!(
!(

!(

!(

!(

!(

!(

!(

!( !(

!(

")")

")

!(

")

")

")

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!( !(

")")

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

")

!(

!(

!(

!(

!(!(

!(

")

!(

!(

!(

!(

!(

_̂

_̂
_̂

_̂

_̂

_̂

_̂

4600

48
00

46
00

49
00

4400

46
00

4500

45
00

4600

4400

47
00

4700

45
00

47
00

4600

48
00

47
00

4300

4800

50
00

49005100

49
00

4700

48
00

5000

5200

50
00

4335

4333
4361

4309
43174322

4296

4593

4370

4415

5263

5242

4932
4953

4699
4593

4502

4502

4639

4507
4489

4484 4485
4539

4732

4503

4477

4518

4452

4457

4573

4715

4444

4895

4855

5094

5045

5243
4789

4836

4686

4648
4601

4604

4635

4607
4614

4582

4587

4580

4581

4557

4547
4795

4900

4722

4717

4522
4544

4544

4580

4525

4526
4527

4789

5289

5289

5252

4847

50064997

5056

4675 4659
4628

!(

!(
!(

!(

!(

")

!(

")

!(")

!(

!(

!(

_̂

_̂

54
00

55
00

54285411

5363

5353

5377
5378 5388

5381

5426

5455

5780
6020

6064

5491

5572

!(

!(

")

")

")!(

")

!(

")

!(

!(

!(

")

")

!(

")
")

!(

")

!(!(

")

!(

!(

")

_̂

5100

5200

5000

504949764976

5205

5036 5069
5102

52865243

5280
5307

5284

5141
5234

5148

5088

5156

5140

Divide

  Deer
Lodge

Garrison

Elliston

Clark Fork

Rock
Creek

D
iv

id
e

k
k

T09N

Inset 2.
Elliston area

T01S

R09W

R07W R06W

T09N

C
r

Jan-02 Jan-03

31335
= 272 ft

10

15

20

25

30

Jan-00 Jan-01 Jan-02 Jan-03

D
ep

th
 to

 W
at

er
 (f

t)

DWE = 30 ft

30

35

40

45

D
ep

th
 to

 W
at

er
 (f

t)

30

35

40

45

50

Jan-00 Jan-01 Jan-02 Jan-03

D
ep

th
 to

 W
at

er
 (f

t)

Well 57375
DWE = 60 ft

20

25

30

35

40

Jan-00 Jan-01 Jan-02 Jan-03

Well 128684
DWE = 95 ft

0

5

10

15

20

Jan-00 Jan-01 Jan-02 Jan-03

Well 128683
DWE = 13 ft

80

85

90

95

100

Jan-00 Jan-01 Jan-02 Jan-03

D
ep

th
 to

 W
at

er
 (f

t)

Well 128682
DWE = 150 ft

20

25

30

35

40

Jan-00 Jan-01 Jan-02 Jan-03

D
ep

th
 to

 W
at

er
 (f

t)

Well 128684
DWE = 95 ft

£¤12

§̈¦

Creek

Telegraph

Little

Blackfoot R



!(

!(

!(

!(

!(

")

!(

!(!(

")

!(

!(

!(

")

") !( ")

")

!(")

")

")

")

!(
!(

!(

!(
!(

!(

!(

!(

!( !(

!(!(
")

!(

!(

")

")

!(

!(

")

")

")

!(

!(

")

!(

!(

!(

!(!(

!(!(

")
")

!(

") !(

!(

!(

!(

!(!(

!(

")

!(

!(

!(

")

!(

")

!(

!(

!(

!(

!(

!(

!(

")

")

!(

!(

")

")

_̂̂_

_̂

_̂

_̂

_̂

_̂ _̂

!(

!(

3900

4200

4300

4400

4300

4500

4400

4000

4100

4700

4200

4100

4600

4600

4900

4500

4800

4400 4100

4300

4410

4585

4582

3895

3902
3891

3949
3947
3944

3947

4161

41524183

4380

4440

4470

4353

4183

4243
4453

4207 4220

4220

4094
4160

4031

4094

4522
4445

4219

4099

40514065

4055

4022

4022 4017

4111

3988

4127

4131

4108
4123

4122

4072 4073

4602

4629

4687
4756

4730

4556 4529

4511 4506

4519
4515

4349
47214325

4578

4552

4469

4375

4288
4243

4232 4287

4524

4787
4815

4880
4902

4873

4847

4781

4250

")

!(

")

")

!(

!(

")")

")

")

")

")

!(

!(

")

!(

")

!(

5600

5400

5300

52
00

53
00

535

5339

5415

5388

5655

5785
5631

5520
5643

6281

5

!(

!(!(

!(

!(

")

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(
!(

")

!(

_̂

4897

5274

5161

5164 5158

5079 5078
5080

54065433
5383 5385

5332 5330

5500

5200

5500 5500

5000

Anaconda

G
R

A
N

IT
E

P
O

W
E

L
L

Racet

Maxville

Hall

Drummond

Clark
Fork

Willow Creek

Willow Creek
Reservoir

T09N
Fl

in
t

Cr
ee

k

R12W

Inset 1. Part of
Rock Creek west 
of Philipsburg

T06N

T04N
T05N

R15W

50 30

0

5

10

15

20

Jan-00 Jan-01 Jan-02 Jan-03

D
ep

th
 to

 W
at

er
 (f

t)

Well 63218
DWE = 52 ft

100

105

110

115

120

Jan-00 Jan-01 Jan-02 Jan-03

D
ep

th
 to

 W
at

er
 (f

t)

Well 63207
DWE = 145 ft

5
10
15
20
25
30
35
40
45

Jan-00 Jan-01 Jan-02 Jan-03

D
ep

th
 to

 W
at

er
 (f

t)

Well 63339
DWE = 70 ft

40

45

50

Jan-00 Jan-01 Jan-02 Jan-03

to
 W

at
er

 (f
t)

Well 165356
DWE = 85 ft 

40
Jan-00 Jan-01 Jan-02 Jan-03

Well 55950
DWE = 120 ft

80

85

90

95

100

Jan-00 Jan-01 J

D
ep

th
 to

 W
at

er
 (f

t)

Well 5410
DWE = 58 ft

15
Jan-00 Jan-01 Ja

Well 5376
DWE = 50 ft

T05N

§̈¦90

Rock
C

reek

154583

154584
30

40

50

60

20

10

D
e

p
th

to
W

a
te

r
(f

t)

Jan-00 Jan-01 Jan-02 Jan-03

Well 154583
DWE = 127 ft

Well 154584
DWE = 40 ft

 (b) (b)



!(

!(

!(

")

")

")

")

")
!(
!(

!(!(

!(!(

!(!(

!(

!(

!(
!(!(

!(
!(

!(!(

!(!(

")

!(

!(

!(
!(

!(

!(

!(

") !(

!(

!(

!(

!(

!(

")

!(

!(

!(

")

!(

")

!(

")

!(

")

!(

")

")

")

!(

!(

!(

!(

")

")

")")

!(

!(

")

")

!(

")

")

!(

!(

")

!(

")

")

")

")

!(

!(

!(

!(

!(

")

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

!(

!(!(

!(

!(

50
00

49
00

51
00

5100

5200

52
00

52
00

47
00

52
00

48
00

5300

5200 5200

4800

520

52
00

00

5300

50
00

5100

5300
51

00

5000

51
00

5350

5056 4949
4903

4793

4753
4747

4911

4912

5226

4877

4719

4744
4770

4775

4693

4704

4694
4677

4640

4672

5201

5511

5018

5120

4992

4858

49004978

4978

4900

4892

5309

5460 5306

5059

4951
4929

4851

5035

5024

4815

4787

5294

4761

4758

4769

4772

20

5430
5353

4994
50435004

4958
5002

5068 5063

5000

4936 4936

49444942

49404989

5126 5242

143

5100
5083

5342

5256

5269

5901

6105
6103

5539

5527
5578

6450

5855

5726

5759

5623

5671

5709

6591

7031

6300

5791

5590

5980 5980

5980

!(

")

!(

!(

!(
!(

!(

!(

!(

_̂

5200

5300

5400
5460

5181

5169

5205

5671

5401

5311

5363

Melrose

Opportunityda

 Warm
Springs

Galen

Warm

Sprin
gs

Cr

Mill
Creek

Lost

Creek

Si
lv

er
B

ow

Cre
ek

Racetrackcetrack Creek
Moose

Cree
k

Big Hole River

C
la

rk
F

or
k

Inset 3. Divide 
and Melrose areas

DEER LODGE
SILVER BOW

DEER LODGE
POWELL

T06N

T04N

T05N

T02S

75

80

Jan-00 Jan-01 Jan-02 Jan-03

(f
t)

Well 892116
DWE = 138 ft

45

50

55

60

Jan-00 Jan-01 Jan-02 Jan-03

D
ep

th
 to

 W
at

er
 (f

t)

Well 131579
DWE = 445 ft

Jan-02 Jan-03

410
58 ft

100

Jan-02 Jan-03

76
50 ft

-10

-5

0

5

10

Jan-00 Jan-01 Jan-02 Jan-03

D
ep

th
 to

 W
at

er
 (f

t)

Well 128740
DWE = 5 ft

80

85

90

95

100

Jan-00 Jan-01 Jan-02 Jan-03

D
ep

th
 to

 W
at

er
 (f

t)

Well 51731
DWE = 109 ft

§̈¦90

§̈¦15



Legend!(!(

!(

")

")!(

!(

!(

!(

")

!(

!(

!(

!(

!(
!(

")

")

!(

")

")

!(

")

")

!(

")

")

!(

")

!(

!(

")

!(

!(

!(

!(

!(

")

")

")

!(

_̂

_̂

_̂

_̂

_̂

_̂

!(1

5200

5300

51
00

5500

56
00

5700
00

62
00

5100

5600

5000

54
00

60
00

56
00

55
00

6400

54
00

5900

5800
53

00

4900

5500

5267

5136

5138

5104

4880
4902

5191

5146

5140

5161

5148

5206

517951475106

5146

5001
5017

5128

5198

5385

5216

5690
5370

5376

5493

5343

5334

5459

5385

5321

5313

5306

5279
5260

5231
5220

5217 5223

6660

5520
5681

6340

6372

6614

6311

")

Philipsburg

Southern
C

DEER LODGE

POWELL

Fl
in

t

Cre
ek

Echo
Lake

Fred Burr Lake

Figure 7. Deer Lo

T06N

T08N

T07N

T06N

T08N

T07N

.

T03N

T02N

50

55

60

D
ep

th
 to

 W40

45

50

55

60

D
ep

th
 to

 W
at

er
 (f

t)

60

65

70

75

80

Jan-00 Jan-01 Jan-02 Jan-03

D
ep

th
 to

 W
at

er
 (f

t)

Well 154595
DWE = 115 ft

0

5

10

15

20

Jan-00 Jan-01 Jan-02 Jan-03

D
ep

th
 to

 W
at

er
 (f

t)

Well 55965
DWE = 42 ft

30

35

40

45

50

Jan-00 Jan-01 Jan-02 Jan-03

D
ep

th
 to

 W
at

er
 (f

t)

Well 154593
DWE = 138 ft

50

55

60

65

70

Jan-00 Jan-01 Jan-02 Jan-03

D
ep

th
 to

 W
at

er
 (f

t)

Well 53632
DWE = 144 ft

165

170

175

180

185

Jan-00 Jan-01 Jan-02 Jan-03

D
ep

th
 to

 W
at

er
 (f

t)

Well 53347
DWE = 200 ft 

10

15

20

25

30

Jan-00 Jan-01 Jan-02 Jan-03

D
ep

th
 to

 W
at

er
 (f

t)

Well 128741
DWE = 30 ft

20

25

30

35

D
ep

th
 to

 W
at

er
 (f

t)

Monthly water levels were measured at the starred wells
shown on the maps. Hydrographs, presented for some of 
the sites, show time-series water levels. The borders are 
color coded to match the well's aquifer. The left vertical 
axis indicates the depth to water, in feet from ground 
surface. Two consistent vertical scales are used in the 
graphs, so that the graphs span a total of 20 or 40 ft 
vertically, depending on the range of groundwater 
fluctuations. The horizontal axis is time, and all graphs 
begin in 2000 and end in 2002 during the period when 
the wells were monitored monthly. The hydrograph above 
has a slightly expanded scale and shows  water-level
fluctuations for a shallow--deep well pair located  southwest 
of Drummond. These two wells display similar groundwater- 
level trends, but the level in the shallow well is higher than 
in the deep well, indicating a downward vertical gradient.
Water-level trends in this area are discussed in 
Voeller and Waren (1997).                                         
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