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The Belt Basin (fig. 3) probably formed about 1,600 m.y. as the North American craton
rifted and began to subside and fill with sediment (Cressman, 1989). Along the eastern margin of
the Basin, shale and limestone accumulated on a shallow, continental shelf, whereas near the
tectonically active southern boundary, coarse-grained arkosic conglomerate accumulated. As rift-
ing decreased, shallow, continental shelf and subaerial deposition became predominant and con-
tinued through Late Proterozoic time (Cressman, 1989). Deposition of at least 60,000 to 65,000 ft
(Harrison and others, 1974; 1986) of coarse-grained clastic, fine-grained clastic, and carbonate
sediment filled the Belt Basin between about 1,500 to 900 m.y. (Reynolds, 1984). During deposi-
tion, faulting caused a trough in the basin. This trough is called the Lewis and Clark Line (fig.
3)—a complex zone of normal, reverse, and strike-slip faults (Harrison and others, 1986; Wallace
and others, 1990).

Paleozoic through Late Jurassic paleogeography in the study area was influenced by the two
persistent depositional environments that were created in Late Precambrian time: a broad, cra-
tonic, shallow-carbonate shelf extending across western Montana and a deep-ocean basin extend-
ing across Idaho. During this time, western Montana and Idaho were the location of the North
American continental margin and sediment was deposited in what is called the Cordilleran Sea. In
an area that now lies east of a north-trending line at about 114° longitude, deposition was on the
shallow-carbonate shelf; west of this line, deposition was in the deep-ocean basin. As the Cordil-
leran Sea transgressed eastward, a westward-thickening sequence of limey mud, sand, and silt was
deposited. The resultant Paleozoic carbonate and clastic rocks (Pzls) range in thickness from
about 2,500 ft in what is now southwestern Montana to over 26,000 ft in central Idaho near the
Lemhi Range (Scholten, 1957).

Regional tectonic activity throughout Paleozoic and early Mesozoic time produced uplifts
and frequent regressions of the Cordilleran Sea and interrupted the depositional environments. In
Late Silurian through Early Devonian time, widespread warping of the North American continent
caused several uplifts in the eastern part of the study area. In Late Devonian through Early Missis-
sippian time, the Antler Orogeny altered the depositional environments into a restricted shallow-
carbonate shelf and several highland areas in Montana, and a narrow trough in west-central Idaho
(Smith and Gilmour, 1979; Skipp and others, 1979). Deposition in the narrow trough, or foreland
basin, in Idaho resulted in a sequence of interbedded conglomerate, sandstone, siltstone, mud-
stone and limestone (Pzls) (Poole, 1974). In Early to Middle Pennsylvanian time, and again in
Late Permian and Early Triassic time differential uplift and faulting eroded some pre-existing
rocks (Skipp and others, 1979). A long period of erosion occurred during Middle Triassic through
Early Jurassic time in Montana and parts of Idaho. In Middle to Late Jurassic time, the last signifi-
cant widespread sea transgressed over the study area and deposited sand and limey mud. The
resultant Mesozoic clastic and carbonate rocks (Mzsh) mostly occur as isolated outcrops and
erosional remnants in western Montana. :
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EXPLANATION

BELT BASIN—Shows general extent of the Belt Basin

LEWIS AND CLARK LINE—Shows general extent of complex
zone of normal, reverse, and strike-slip faults

FRONTAL FOLD AND THRUST BELT—Shows general extent
of zone of intensely folded and imbricately faulted rocks

ROCKY MOUNTAIN TRENCH—Shows general extent of
complex zone of closely spaced normal faults

INTRUSIVE ROCKS—Shows general extent of the Idaho and
Boulder Batholiths

EXTRUSIVE ROCKS—Shows general extent of Elkhorn
Mountains and Challis Volcanics

INTERMOUNTAIN SEISMIC BELT—Shows general extent of
pronounced earthquake activity

——4s s DISTURBED BELT—Shows selected faults within the
Disturbed Belt. Sawteeth on upper plate

Figure 3. Selected structural and geologic elements in the study area (modified from
Harrison and others, 1974, 1986; Rupple and others, 1993).

From Late Jurassic through middle to late Eocene time, western Montana and all of Idaho
was an area of complex tectonic, plutonic, and volcanic activity associated with a north-south
trending magmatic arc along the western edge of the North American continent (Suttner and
others, 1981). During this time, uplift in Idaho and extreme western Montana was associated with
initial intrusion of the Idaho Batholith. Rocks in Idaho were eroded and deposited in a rapidly
subsiding foreland basin in western Montana (Suttner and others, 1981). In general, Mesozoic
clastic and carbonate rocks in the study area (Mzsh) represent westward-thickening, intertonguing
wedges of nonmarine sandstone, continental coastal-plain sediments, and marine shale and lime-
stone that formed as rocks were eroded from the rising highland in Idaho and extreme western
Montana.

About 125-65 m.y., the magmatic arc migrated eastward into central Idaho and southwestern
Montana resulting in a frontal fold and thrust belt (Suttner and others, 1981). Deformation along
the frontal fold and thrust belt progressed from western Idaho about 100 m.y. to southwestern
Montana about 80 to 75 m.y. (Ruppel, 1993; Schmidt and Garihan, 1983). Deformation continued
from southwestern Montana north to the Disturbed Belt (fig. 3) ending in middle to late Eocene
time (Mudge, 1970; Suttner and others, 1981). This migrating thrust belt resulted in a zone of
intensely folded and faulted rocks that in most areas have been displaced eastward.

Major episodes of intrusive and extrusive igneous activity accompanied and followed thrust-
ing in western Montana and central Idaho (Chadwick, 1981). Intrusive and extrusive episodes
peaked about 80-65 m.y. in Late Cretaceous and early Paleocene time with the Idaho and Boulder
Batholiths and Elkhorn Mountains Volcanics, and again about 54 to 45 m.y. in Eocene time with
the Challis Volcanics (Ruppel, 1993; Chadwick, 1981; Chadwick 1985). Magmatism generally
followed the same west-east trend as thrusting and progressed from western Idaho to western
Montana (Ruppel, 1993; Chadwick, 1981; Chadwick 1985). Tertiary through Cretaceous intru-
sive rocks (TKi) include the Idaho Batholith in central Idaho and the Boulder Batholith in west-
central Montana, and large areas of Quaternary, Tertiary and Cretaceous extrusive rocks (QTKe)
include the Elkhorn Mountains Volcanics in west-central Montana and the Challis Volcanics in
central Idaho (fig. 3).

By middle to late Eocene time, about 50 to 40 m.y., compressional tectonic deformation
ceased. However, faulting continued and began to form fault-controlled structural basins (Fields
and others, 1985). Some structural features such as the Rocky Mountain Trench (fig. 3)—a com-
plex zone of closely spaced normal faults that forms a continuous depression from northwestern
Montana to northwestern Canada—are thought to have formed during this period. The fault-
controlled structural basins-subsided rapidly, becoming depositional centers for locally derived
Tertiary clastic sediment (T5) that was deposited on irregular topography of older bedrock (fig. 4,
diagrammatic hydrogeologic sections A and C). These sediments (T) were deposited in low-en-
ergy, meandering stream channels, flood plains, ponds, and shallow and ephemeral lakes during a
time when the climate was moderately arid (Rasmussen, 1989).

Renewed extensional faulting, about 20 m.y. during early Miocene time, caused significant
folding and tilting of lower Tertiary rocks (fig. 4, diagrammatic hydrogeologic sections A and B).
This tectonic activity, coupled with a change in climate from moderately arid to humid, caused
deep erosion of lower Tertiary rocks resulting in a major unconformity that probably exists in all
basins (Fields and others, 1985). Middle to upper Eocene through lower Miocene deposits and
rocks are now as much as 4,300 ft thick (Robinson, 1967). The erosional episode ended about 15
m.y. as the climate changed to semiarid, faulting continued, and basins began to fill with coarse-
grained deposits (Ts or QTd).

The basins began to assume their present-day configuration about 5 m.y. as renewed faulting
near the end of the Miocene resulted in uplifted mountain blocks and streams started to form
present drainage patterns (Fields and others, 1985). Middle Miocene through upper Pliocene
deposits and rocks (Ts or QTd) predominantly are massive conglomerate and sandstone which in
some basins might be as thick as 6,000 ft (Robinson, 1967). Thick, coalescing alluvial-fan depos-
its, which are still present in most southern basins, accumulated near active faults along mountain
fronts in late Pliocene through early Pleistocene time (QTd). Pleistocene glaciation has buried,
eroded or thinned middle Miocene through upper Pliocene deposits and rocks in northern basins
(Fields and others, 1985).

During the Pleistocene Epoch, three glacial periods occurred in the Northern Rocky Moun-
tains region. The earliest glaciation possibly occurred about 700,000 to 600,000 years ago (Rich-
mond, 1965). Little is known about these glaciers because deposits are scattered, deeply weath-
ered, and buried by subsequent glacial deposits (Richmond, 1965). Late Pleistocene glaciers,
which began to form about 150,000 years ago and lasted to about 9,000 years ago (Porter and
others, 1983), covered about 36 percent of the study area or about 28,100 mi? (fig. 5).

The late Pleistocene glaciers were composed of both the Cordilleran ice sheet and individual
mountain (alpine) glaciers (fig. 5). The Cordilleran ice sheet initially formed as mountain gla-
ciers. As ice thickness increased, a continental ice sheet formed and occupied valleys between
mountain ranges (Flint, 1971). As the ice sheet flowed south from Canada into the northern ba-
sins, several lobes formed as the ice was diverted around some mountain ranges. The largest lobe,
which merged with eastward-flowing mountain glaciers, flowed down the Kalispell and Mission
Valleys and terminated south of Polson, Mont. (Johns, 1970). Glacial deposits (Qg) generally are
composed of very poorly sorted, boulder- to clay-sized material and occur as widespread mo-
raines, drumlins, and glacial debris. Outwash plains composed of coarse-grained deposits of
Quaternary alluvium (Qal) were formed as meltwater from the glaciers produced braided rivers
which transported and deposited this material.

In northern Idaho, a lobe of the Cordilleran ice sheet extended down the Kootenai River
Valley and dammed the Clark Fork of the Columbia River, near what is now Lake Pend Oreille,
and formed glacial Lake Missoula (fig. 5). Glacial Lake Missoula partly or entirely occupied the
Lower Clark Fork, Plains, Little Bitterroot, Mission, Jocko River, Missoula, Blackfoot-Clearwater,
Bitterroot, and Upper Clark Fork Valleys, and Camas Prairie Basin, covering an area of about
3,900 mi?. The lake attained a maximum depth of about 2,000 ft. The lake’s maximum altitude was
about 4,200 ft, which is about 1,000 ft higher than Missoula, Mont. (Alden, 1953). Water from
glacial Lake Missoula was released by at least one catastrophic ice-dam failure in an outburst
flood that discharged large volumes of water to areas in eastern Washington. Water also was
released more frequently in as many as 40 smaller floods (Conner and Baker, 1992). Quaternary
sediments deposited in glacial Lake Missoula are predominantly cyclically laminated silt and clay
(varves) and massive deposits of silt and clay (lakebed silts) (Qg).

Mountain glaciers existed in many of the mountain ranges in southwestern Montana and
central and eastern Idaho either as isolated mountain glaciers or as more complex glaciers (ice
caps) (Porter and others, 1983). These glaciers deposited very poorly sorted clay- to boulder-
sized material as end and lateral moraines (Qg) and outwash (Qal) that extends into some basins.

As the Cordilleran ice sheet retreated, glaciers in the study area were limited to mountainous
areas as mountain glaciers (Flint, 1971). Lobes of the ice sheet that occupied parts of the study
area retreated from their maximum limits to the United States-Canada border between 14,000 and
11,000 years ago (Waitt and Thorson, 1983). Retreat of mountain glaciers started before 14,000
years ago and most high-altitude glaciers probably disappeared about 9,000 years ago (Porter and
others, 1983). Only small and widely scattered remnant mountain glaciers or ice fields remain in
the study area.

A. Hydrogeologic section across the northern part of the Jefferson River Valley
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Geology modified from Kuenzi
and Fields (1971)

B. Hydrogeologic section across the southeastern part of the Missoula Valley
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Geology modified from McMurtrey
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C. Hydrogeologic section across the southern part of the Little Bitterroot Valley
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EXPLANATION

CORRELATION OF HYDROGEOLOGIC SECTION UNITS
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DESCRIPTION OF HYDROGEOLOGIC UNITS

ALLUVIAL DEPOSITS (Holocene and Pleistocene)—Unconsolidated stream-laid gravel, sand,
silt, and clay, that is poorly to moderately well sorted. Includes some talus, colluvium, landslide
and placer deposits, mine tailings, and Pleistocene glacial outwash

GLACIAL DEPOSITS (Pleistocene)—Unconsolidated gravel, sand, silt, and clay, that is very poorly
to moderately well sorted. Includes less permeable deposits from the Cordilleran ice sheet and
mountain glaciers such as moraines, drumlins, broad areas of hummocky deposits, glacial debris
and lakebed deposits

UNDIFFERENTIATED DEPOSITS (Quaternary and Tertiary)—Unconsolidated to semiconsolidated
gravel, sand, silt, clay, ash, ash-fall tuff and locally contains lignite and limestone. Includes
colluvium and landslide deposits, extensive alluviual-fan deposits within and outside of basins,
alluvium on some alluvial fans, and Tertiary deposits and rocks with a veneer of Quaternary
deposits. Includes areas where Quaternary and Tertiary deposits are indistinct

SEDIMENTARY DEPOSITS AND ROCKS (upper Pliocene through middle to upper Eocene)—
Unconsolidated to consolidated gravel, sand, silt, clay, ash, ash-fall tuff, and bentonite that is
poorly to moderately well sorted. Locally includes massive conglomerate, sandstone, siltstone,
shale, and interbedded volcanic and volcaniclastic rocks, lignite and limestone

INTRUSIVE ROCKS (Tertiary through Cretaceous)—Primarily granite and rocks of granitic composi-
tion related to the Idaho and Boulder Batholiths, smaller plutons, stocks, dikes, and sills

CARBONATE AND CLASTIC ROCKS, UNDIFFERENTIATED (Paleozoic)—Primarily massive and
thick- to thin-bedded limestone with dolomite and interbedded phosphatic sandstone, quartzite,
siltstone, mudstone, and shale

METASEDIMENTARY ROCKS, UNDIFFERENTIATED (Primarily Middle Proterozoic)—Primarily
argillaceous limestone, dolomite, ubiquitous thin-to-medium interbedded siltite and argillite,
arkosic conglomerate and sandstone, massive feldspathic quartzite with interbedded limestone,
siltite, and conglomerate. Includes local mafic flows, dikes, and sills. Rocks have been subjected
to low-grade metamorphism

METAMORPHIC ROCKS, UNDIFFERENTIATED (Cretaceous through Archean)—Metamorphosed
granitic plutons, dikes, sills, quartzo-feldspathic gneiss, amphibolite, anorthosite, schist, dolomitic
marble, quartzite, and iron formation

MAP SYMBOLS

GEOLOGIC CONTACT—Approximately located

FAULT—Arrows show relative movement. Approximately located

DIAGRAMMATIC-BEDDING PLANE—Shows folding and tilting of Tertiary sedimentary deposits
and rocks. Diagrammatic-bedding plane information not available for the hydrogeologic section
across the southern part of the Little Bitterroot Valley

Figure 4. Diagrammatic hydrogeologic sections across the: (A) northern part of the Jefferson River Valley, (B) southeastern part of the Missoula Valley, and (C) southern part of the

Little Bitterroot Valley.
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EXPLANATION
E: AREA COVERED BY THE CORDILLERAN ICE SHEET

[:] AREAS COVERED BY MOUNTAIN GLACIERS

AREA COVERED BY A LOBE OF THE CORDILLERAN ICE
SHEET AND COALESCING MOUNTAIN GLACIERS

EXTENT OF GLACIAL LAKE MISSOULA

AREA NOT COVERED BY GLACIERS OR GLACIAL LAKE
MISSOULA

Figure 5. General extent of late Pleistocene glaciers and glacial Lake Missoula in the study
area (modified from Alden, 1953; Dingler and Brekenridge, 1982; Porter and others, 1983).

Streams continued to deposit unconsolidated gravel, sand, silt, and clay (Qal) along stream
channels, flood plains, and low-level terraces as faulting and basin subsidence also continued
during late Pleistocene and Holocene time. Significant displacement occurred along many faults
in the southern basins (Haller, 1990; Rodgers and Anders, 1990). Much of the study area contin-
ues to be seismically active and is part of the intermountain seismic belt (fig. 3), a north-trending
zone of earthquake activity (Smith and Sbar, 1974). In the study area, this belt extends from
northwestern Montana to the Upper Madison River Valley area, and continues south of the study
area. Another area of earthquake activity within the intermountain seismic belt extends from the
Upper Madison River Valley area west to the Lost River Range in Idaho. The intermountain seis-
mic belt is thought to reflect zones of crustal weakness associated with a mantle plume, or hot
spot, now centered below Yellowstone National Park (Smith and Sbar, 1974).

Areas of present-day faulting and basin subsidence can be divided into a relatively stable
zone and an unstable zone. These zones are geographically defined by the Lewis and Clark Line
(fig. 3) which is the northern boundary of basin-and-range-type active faulting (Stickney and
Bartholomew, 1987). In the relatively stable zone north of the Lewis and Clark Line, diffuse
earthquakes and earthquake swarms generally are smaller in number, have magnitudes less than
5.5, and most faults are considered inactive (Stickney and Bartholomew, 1987). However, some
fault scarps in the Mission Valley indicate that earthquakes with magnitudes greater that 7.0 have
occurred during the middle Holocene (Ostenaa and others, 1993). In the relatively unstable zone
south of the Lewis and Clark Line, earthquake activity increases as does earthquake magnitude
(as much as 7.5), and active faults have ruptured the surface (Stickney and Bartholomew, 1987).
Most seismic activity is centered in four areas along the southeastern study area boundary: Red
Rock Valley, Centennial Valley-southern Gravelly Range, Upper Madison River Valley, and the
Lost River Range (Stickney and Bartholomew, 1987).

HYDROGEOLOGIC UNITS

Water-yielding properties of the 10 hydrogeologic units presented in this report are, in part,
based on data collected during the study by the U.S. Geological Survey, 1991-92. These data
were retrieved from the U.S. Geological Survey’s National Water-Data Storage and Retrieval Sys-
tem (WATSTORE). Water-yielding properties are also based on data compiled from previous
studies and drillers’ logs.

Basin-fill deposits

Basin-fill deposits principally are composed of unconsolidated to consolidated gravel, sand,
silt, and clay that typically form a thick sequence of complexly stratified deposits. In most basins
these hydrogeologic units probably respond as a complex aquifer system. Fine-grained confining
units or leaky-confining units within basin-fill deposits generally are laterally discontinuous, al-
lowing interconnection between the coarse-grained sediments of the different hydrogeologic units.

Figure 6 shows the depth of wells completed in hydrogeologic units of the basin-fill deposits
in the study area. The median depth of wells completed in basin-fill deposits ranges from 75 to
153 ft, indicating little variation between the hydrogeologic units (table 1). Fifty percent of wells
in the study area are between about 40 ft (25th percentile) and 270 ft (75th percentile) deep.
Additionally, little variation in well depth between these units is indicated by the 10th and 90th
percentiles (table 1). The depth of wells completed in basin-fill deposits does not vary substan-
tially because depth to water and depth to a water-bearing zone that yields a sufficient quantity of
water do not vary substantially.

Holocene and Pleistocene alluvial deposits (Qal) consist of unconsolidated stream-laid gravel,
sand, silt, and clay in flood plains and low terraces along present-day streams and rivers. This unit
also includes Pleistocene glacial outwash. Holocene and Pleistocene alluvial deposits (Qal) are
the second most productive aquifer in'the study area (fig. 6, table 1). The median well yield for this
unit in the study area is 30 gal/min with 50 percent of the wells yielding between 15 gal/min (25th
percentile) and 100 gal/min (75th percentile). The median specific capacity is 2 (gal/min)/ft which
indicates that transmitting properties of Holocene and Pleistocene alluvial deposits (Qal) are twice
that of Pleistocene glacial deposits (Qg) and Tertiary sedimentary deposits and rocks (Ts), but half
as much as Quaternary and Tertiary undifferentiated deposits (QTd). The ranges of yield and
specific capacity for wells completed in Holocene and Pleistocene alluvial deposits (Qal) are large
(1 to 4,550 gal/min and 0.1 to 661 (gal/min)/ft, respectively), primarily because of the various
depositional environments represented by this unit. Small well yields and specific capacities are
typical for wells completed in alluvium deposited by rivers and streams with a small carrying and
sorting capacity because deposits can contain substantial quantities of fine-grained material. In
contrast, large well yields and specific capacities are typical for wells completed in alluvium
deposited by rivers and streams with large carrying and sorting capacity. For example, wells com-
pleted in deposits near large rivers such as the Spokane River near Coeur d’ Alene, Idaho, can have
very large yields and specific capacities.

Pleistocene glacial deposits (Qg) consist of unconsolidated gravel, sand, silt, and clay that
generally is fine grained and very poorly sorted. Wells completed in this hydrogeologic unit typi-
cally are the least productive in terms of yield and specific capacity (fig. 6, table 1). The median
yield for wells completed in this unit in the study area is 15 gal/min with 50 percent of the wells
yielding between 10 gal/min (25th percentile) and 31 gal/min (75th percentile). The median spe-
cific capacity is 1 (gal/min)/ft which indicates that the transmitting properties are similar to Ter-
tiary sedimentary deposits and rocks (T3) and 2 to 4 times less than Holocene and Pleistocene
alluvial deposits (Qal) or Quaternary and Tertiary undifferentiated deposits (QTd), respectively.
The ranges of yield and specific capacity for wells completed in Pleistocene glacial deposits (Qg)
are large (0.2 to 1,500 gal/min and 0.1 to 475 (gal/min)/ft, respectively), primarily because this
unit is less permeable and includes predominantly fine-grained material and very poorly sorted
gravel, sand, silt, and clay in moraines, drumlins, glacial debris and lakebed deposits. This unit
also contains discontinuous or poorly connected lenses of gravel and sand that probably function
as minor aquifers. Laterally continuous and extensive gravel, such as buried alluvial channels or
outwash, that is hydraulically connected with other more permeable units or a recharge sourc
probably accounts for the few larger well yields and specific capacities. ;

Quaternary and Tertiary undifferentiated deposits (QTd), consist of unconsolidated to semi-
consolidated gravel, sand, silt, clay, ash, and ash-fall tuff that locally contain lignite (low-rank
coal) and limestone. This unit is the most productive aquifer in the study area in terms of well
yield and specific capacity (fig. 6, table 1). The median yield for wells completed in this unit in the
study area is 60 gal/min with 50 percent of the wells yielding between 15 gal/min (25th percen-
tile) and 1,820 gal/min (75th percentile). The median specific capacity is 4 (gal/min)/ft, which
indicates that the transmitting properties of Quaternary and Tertiary undifferentiated deposits
(QTd) are 2 to 4 times greater than those of the other basin-fill deposits. The ranges of yield and
specific capacity for wells completed in Quaternary and Tertiary undifferentiated deposits (QTd)
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Figure 6. Statistical plots of well depth, yield, and specific-capacity data for wells
completed in basin-fill deposits in the study area.

Table 1. Statistical summary of well depth, yield, and specific-capacity data for wells
completed in basin-fill deposits in the study area

[Hydrogeologic unit: Qal, Holocene and Pleistocene alluvial deposits; Qg, Pleistocene
glacial deposits; QTd, Quaternary and Tertiary undifferentiated deposits; Ts, Tertiary
sedimentary deposits and rocks] ‘

o Value for indicated percentile of samples
}:zﬁ)r(’ic Number Maxi- Mini- Mean e ¥
BEOIOZIC ofwells mum  mum 90 75 50. 25 10

unit (Median)

Well depth, in feet below land surface

Qal 705 760 2 122 295 166 75 42 25
Qg 220 663 12 166 333 218 138 72 40
QTd 391 1,110 6 139 250 180 120 76 50
Ts 286 2910 24 209 384 271 153 85 60

Well yield, in gallons per minute

Qal 536 4,550 1 279 1,030 100 30 15 8
Qg 148 1,500 2 55 100 31 15 10 5
QTd 249 4,500 7 915 2,700 1,820 60 15 8
Ts 355 3,420 2 257 1,200 45 20 10 6
Specific capacity, in gallons per minute per foot
Qal 384 661 =l 21 39 10 2 8 3
Qg 98 475 1 15 13 4 1 3 2
QTd 172 700 1 45 150 40 4 o 3
Ts 287 120 1 6 19 5 1 3 1

are large (0.7 to 4,500 gal/min and 0.1 to 700 (gal/min)/ft, respectively). The unit includes perme-
able alluvial deposits on alluvial fans, coarse-grained deposits in proximal and medial areas on
alluvial fans, and permeable upper Pliocene and middle Miocene massive conglomerate and sand-
stone.

Tertiary sedimentary deposits and rocks (Ts) consist of unconsolidated to consolidated gravel,
sand, silt, clay, ash, ash-fall tuff, and bentonite and includes massive conglomerate and sandstone.
This unit is the third most productive hydrogeologic unit in terms of well yield and specific capac-
ity (fig. 6, table 1). The median yield for wells completed in this unit is 20 gal/min with 50 percent
of the wells yielding between 10 gal/min (25th percentile) and 45 gal/min (75th percentile). The
median specific capacity is 1 (gal/min)/ft, which indicates the transmitting properties are 2 to 4
times less than Holocene and Pleistocene alluvial deposits (Qal) and Quaternary and Tertiary

undifferentiated deposits (QTd), respectively. The ranges of yield and specific capacity for wells
completed in Tertiary sedimentary deposits and rocks (Ts) are large (0.2 to 3,420 gal/min and 0.1
to 120 (gal/min)/ft, respectively), primarily because this unit includes the permeable upper Pliocene
through middle Miocene massive conglomerate and sandstone and the less permeable lower Mi-
ocene to middle through upper Eocene silt and clay. The silt and clay deposits in the lower part of
this unit contain discontinuous or poorly connected lenses of gravel and sand that probably func-
tion as minor aquifers. The silt and clay deposits probably also define the lower limit of preferred
aquifers in the basin-fill deposits based on depth, yield, and water quality. In areas where massive
conglomerate and sandstone compose the upper part of the unit, large yields can be expected. In
addition, in areas where the upper part of this unit is near or overlies Paleozoic carbonate and
clastic rocks (Pzls), wells completed in the unit can have extremely large yields. For example, in
the Townsend Valley near Toston, Mont., and in the Beaverhead-Lower Ruby Valley, near Dillon,
Mont., wells completed in Tertiary sedimentary deposits and rocks can yield as much as 3,420
gal/min.

Bédrock

Bedrock mainly is present in uplifted, structurally complex mountain blocks where, gener-
ally, it forms barriers to interbasin ground-water flow. However, some fractures and faults might
be permeable and extensive enough to conduct ground water between basins. Near the basin
margins and where basin fill is thin, wells have been completed in bedrock. In some areas, bed-
rock crops out as isolated remnants within the basins and might act as no-flow boundaries within
basin-fill deposits.

Bedrock units generally have secondary permeability and wells completed in bedrock obtain
variable quantities of water from fractures, faults, or caverns. Typically, yields of wells completed
in bedrock are less than those completed in adjacent basin-fill deposits. The location of fractures
or faults also is variable and closely spaced wells might have vastly different well yields. Abundant
water can be obtained from fractures, faults, breccia, and permeable zones between lava flows in
extrusive rocks (QTKe) in the Camas Prairie area, Idaho, where basalt underlies basin-fill depos-
its. In many areas, bedrock can discharge large quantities of water as subsurface recharge to
basin-fill deposits through fractures, faults, or caverns. For example, in the Townsend Valley near
Toston, Mont., Paleozoic carbonate and clastic rocks (Pzls) form a syncline which plunges be-
neath basin-fill deposits and water within this unit probably recharges basin-fill deposits (Lorenz
and McMurtrey, 1956). Other units also can supply large volumes of subsurface recharge to basin-
fill deposits. Briar and Madison (1992) estimated that 35.5 million gal/d recharge basin-fill de-
posits from fractured Middle Proterozoic metasedimentary rocks (Yms) and Tertiary through
Cretaceous intrusive rocks (TKi) surrounding the Helena Valley near Helena, Mont. Hot springs
and hot-water wells are found in many basins. This geothermal water originates as precipitation
that recharges bedrock near mountain fronts and then circulates at depth along fractures and
faults.
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