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                             Surficial and basin-fill deposits (Holocene to upper Miocene)—Unconsolidated to 

moderately consolidated, locally tuffaceous beds of sand, gravel, silt, and minor 
limestone deposited mostly by streams and small playa lakes.  Generally thin but, 
where unit fills basin-range-fault-bounded basins, may be 0-5000 feet thick and forms 
the upper valley-fill aquifer.  Some basin-fill deposits bear local names, including the 
Muddy Creek Formation (southern part of Plate 2), Panaca Formation (southern part 
of Plate 1), Horse Camp Formation (northwestern part of Plate 1), and Salt Lake 
Formation (northeastern part of Plate 1).  

 
 Basalt lava flows (Holocene to lower Miocene)—Resistant, thin, basalt lava flows and 

cinder cones.  The mafic end of the bimodal volcanic sequence that is synchronous 
with basin-range extensional faulting. 

  Sedimentary rocks, unit 4 (Miocene)—Moderately to well consolidated, mostly fluvial 
sandstone, conglomerate, and minor lacustrine limestone.  Primarily the Horse Spring 
Formation (11 to 20 Ma), a basal basin-fill sedimentary unit that is locally thick 
(3000+ feet) in the southern part of Plate 2. 

 
 Sedimentary rocks, unit 3 (Miocene and Oligocene)—Moderately to well consolidated, 

thin, mostly fluvial, tuffaceous sandstone and bedded airfall tuff 
. 
 Sedimentary rocks, unit 2 (Oligocene)—Moderately to well consolidated, thin, mostly 

fluvial, tuffaceous sandstone and conglomerate.  Includes the Gilmore Gulch 
Formation, with an age of about 30 Ma, in the northwestern part of Plate 1. 

 
 Sedimentary rocks, unit 1 (Oligocene to Upper Cretaceous?)—Moderately to well 

consolidated, mostly fluvial sandstone, conglomerate, and minor lacustrine limestone.  
Primarily the Sheep Pass Formation, but in the central part of Plate 1, includes the 
Paleocene and Upper Cretaceous(?) Grapevine Wash Formation and the Eocene and 
Paleocene Claron Formation.  Includes the Fowkes Formation and White Sage 
Formation in the northeastern part of Plate 1.  Unit in most places underlies all 
volcanic rocks. 

 
 Volcanic rocks (Miocene to Eocene)—Unit shown only in Plates 4, 5, 6, 7, 8, and 9, 

where it is referred to as the volcanic aquifer.  May be several thousand feet thick in 
many places, and in calderas and near other source vents, may be many thousands of 
feet thick.  On Plates 1 and 2, unit is separated into several rock types based on age, 
following the mapping strategy of Ekren et al, (1977). 

 
 Ash-flow tuff and interbedded airfall tuff, unit 4 (Miocene)—Poorly to densely welded, 

bimodal high-silica rhyolite and locally peralkaline ash-flow tuff and related airfall 
tuffs.  Includes the tuff of Honeycomb Rock (12.0 Ma), Ox Valley Tuff (14.0 Ma), 
tuff of Etna (14.0 Ma), tuff of Rainbow Canyon (15.6 Ma), tuff of Acklin Canyon 
(17.1 Ma), and tuff of Dow Mountain (17.4 Ma), derived from the Caliente caldera 
complex.  Includes the Kane Wash Tuff (14.4 to 14.7 Ma), the tuff of Boulder Canyon 
(15.1 Ma), and the tuff of Narrow Canyon (15.8 Ma), derived from the Kane Springs 
Wash caldera complex. 

 Ash-flow tuff and interbedded airfall tuff, unit 3 (Miocene and Oligocene)—Poorly to 
densely welded, calc-alkaline, low-silica rhyolite to dacite ash-flow tuff and related 
airfall tuffs.  Includes the tuff of Teepee Rocks (17.8 Ma), Hiko Tuff (18.3 Ma), Racer 
Canyon Tuff (18.7 Ma), and both Bauers Tuff Member (22.8 Ma) and Swett Tuff 
Member (23.7 Ma) of the Condor Canyon Formation, all derived from the Caliente 
caldera complex.  Also includes the Harmony Hills Tuff (22.0 Ma), probably derived 
from the eastern Bull Valley Mountains; the Leach Canyon Formation (23.8 Ma), 
probably derived from the Caliente caldera complex; the Bates Mountain Tuff (22.8 
Ma), derived from Lander County, Nevada; and the tuff of Saulsbury Wash (21.6 
Ma), the Pahranagat Formation (22.6 Ma), the tuff of White Blotch Spring (24 to 25 
Ma), the tuff of Kiln Canyon (24.1 to 25.1 Ma), the tuff of Lunar Cuesta (24.6 Ma), 
the tuff of the Quinn Canyon Range, and the Shingle Pass Tuff (26.4), all derived 
from the central Nevada caldera complex; and the tuff of Bald Mountain (about 25 
Ma), derived from the Bald Mountain caldera in the Groom Range. 

 
 Ash-flow tuff and interbedded airfall tuff, unit 2 (Oligocene)—Poorly to densely welded, 

calc-alkaline, low-silica rhyolite to dacite and trachydacite ash-flow tuff and related 
airfall tuffs.  Includes the Isom Formation (about 27 Ma), probably derived from the 
Indian Peak caldera complex; the outflow Monotony Tuff (27.3 Ma), the intracaldera 
tuff of Goblin Knobs (27.3 Ma), and the tuff of Hot Creek Canyon (30.0 Ma), all 
derived from the central Nevada caldera complex; the outflow Windous Butte 
Formation (31.4 Ma) and intracaldera tuff of Williams Ridge and Morey Peak (31.3 
Ma), derived from the Williams Ridge caldera of the central Nevada caldera complex; 
and the Needles Range Group (29 to 32 Ma), derived from the Indian Peak caldera 
complex. 

 
 Ash-flow tuff and interbedded airfall tuff, unit 1 (Oligocene and Eocene)—Poorly to 

densely welded, calc-alkaline, low-silica rhyolite to dacite and trachydacite ash-flow 
tuff and related airfall tuffs.  Deposited in the northern part of Plate 1.  Includes the 
Pancake Summit Tuff (33.7 Ma), derived from the Broken Back caldera west of  
Eureka; the Stone Cabin Formation (35.4 Ma), derived from an unknown caldera in or 
near northern Railroad Valley; and the Kalamazoo Tuff (35 Ma), derived from an 
unknown source probably in the northern Schell Creek Range or beneath adjacent 
northern Spring Valley.  In Utah, includes the Tunnel Spring Tuff (35.4 Ma). 

 
 Rhyolite lava flows, unit 4 (Miocene)—High-silica rhyolite lava flows and volcanic 

domes, mostly in and near the Caliente and Kane Springs Wash caldera complexes. 
 
 Rhyolite lava flows, unit 3 (Miocene and Oligocene)—Low-silica rhyolite lava flows and 

volcanic domes, mostly in and near the Indian Peak, Caliente, and central Nevada 
caldera complexes. 

 
 Rhyolite lava flows, unit 2 (Oligocene)—Low-silica rhyolite lava flows and volcanic 

domes, mostly in and near the central Nevada and Indian Peak caldera complexes. 
 
 Rhyolite lava flows, unit 1 (Oligocene and Eocene)—Low-silica rhyolite lava flows and 

volcanic domes, exposed in the northern part of Plate 1. 
  Intermediate-composition lava flows, unit 4 (Miocene)—Andesitic and locally dacitic 

lava flows, flow breccia, and mudflow breccia.  Includes andesite of the Hamblin-
Cleopatra volcano (11.5 to 14.2 Ma) in the Lake Mead area. 

 
 Intermediate-composition lava flows, unit 3 (Miocene and Oligocene)—Andesitic and 

locally dacitic lava flows, flow breccia, and mudflow breccia.  Includes andesite 
between the Racer Canyon Tuff and Condor Canyon Formation in the southeastern 
part of Plate 2, between the Caliente and Kane Springs Wash caldera complexes, and 
in and near the Indian Peak and central Nevada caldera complexes. 

 
 Intermediate-composition lava flows, unit 2 (Oligocene)—Andesitic and locally dacitic 

lava flows, flow breccia, and mudflow breccia.  Includes andesite in and near the 
Indian Peak caldera complex and in the southern Egan Range. 

 
 Intermediate-composition lava flows, unit 1 (Oligocene and Eocene)—Andesitic and 

locally dacitic lava flows, flow breccia, and mudflow breccia.  Exposed in the 
northern part of Plate 1.  In the northeastern part of Plate 1 includes thin ash-flow 
tuffs, notably the Kalamazoo tuff.  In Utah, includes the Horn Silver Andesite. 

 
 Megabreccia (Miocene and Oligocene)—Masses of mostly Paleozoic sedimentary rocks 

and intertongued volcanic breccia deposited within calderas from landsliding of the 
oversteepened caldera margins following caldera subsidence as a result of rapid 
eruptions of ash-flow tuff.  Includes rocks in the Indian Peak caldera complex, 
Caliente caldera complex and central Nevada caldera complex.  Includes gravity 
slides west of the Sheep Range and Beaver Dam Mountains. 

 Intrusive rocks (Miocene to Paleocene)—Mostly silicic, calc-alkaline plutons. 
 
 Intrusive rocks (Miocene to Cretaceous)—Mostly silicic, calc-alkaline plutons. 
 
 Intrusive rocks (Upper Cretaceous)—Mostly silicic, calc-alkaline plutons that  
  accompanied Sevier deformation. 
 
 Sedimentary rocks, undivided (Upper and Lower Cretaceous)—Sevier-age, mostly thin, 

fluvial synorogenic clastic deposits, including the Baseline Sandstone (Upper and 
Lower Cretaceous) and Willow Tank Formation (Upper Cretaceous) in the southern 
part of Plate 2, and the Iron Springs Formation (Upper Cretaceous), Cedar Mountain 
Formation (Upper Cretaceous), and Dakota Sandstone (Upper Cretaceous) in the 
southeastern part of Plate 2; and the Newark Canyon Formation (Paleocene? to Lower 
Cretaceous?) in the northern part of Plate 1. 

 
 Intrusive rocks (Jurassic)—Mostly silicic, calc-alkaline plutons that accompanied Sevier 

deformation. 
  Sedimentary rocks, undivided (Jurassic)—Includes, in the southeastern part of Plate 2, 

the mostly marine Carmel and underlying Temple Cap formations (Middle Jurassic).  
Also in the southeastern part of Plate 2, includes the eolian Navajo Sandstone and 
mostly fluvial Kayenta and Moenave formations, all Lower Jurassic.  Mostly clastic 
units.  In the southern part of Plate 2, the Aztec Sandstone is the equivalent of the 
Navajo.  Includes the Dunlop Formation (Lower Jurassic) in the northwestern part of 
Plate 1. 

 
 Sedimentary rocks, undivided (Triassic)—Includes, in the southeastern part of Plate 2, 

the mostly fluvial Chinle Formation (Upper Triassic) and mostly fluvial Moenkopi 
Formation (Middle? and Lower Triassic).  Includes the Luning Formation (Upper 
Triassic) in the northwestern part of Plate 1.  In the northeastern part of Plate 1, 
includes the Thaynes Formation (Lower Triassic).  The majority of these rocks are 
clastic.  

  Paleozoic sedimentary rocks, undivided—Shown on Plates 4, 5, 8, and 9, where rocks in 
the hanging wall of the Snake Range decollement are buried by younger rocks. 

 
 Park City Group, undivided (Upper and Lower Permian)—From top to base, consists of 

the Gerster Limestone (Upper Permian), Plympton Formation (Upper and Lower 
Permian), Kaibab Limestone (Lower Permian), and Toroweap Formation (Lower 
Permian).  These make up the top of the upper carbonate aquifer. 

 
 Arcturus Formation and Rib Hill Sandstone, undivided (Lower Permian)—Included 

within the upper carbonate aquifer.  Includes the Pequop Formation in Elko County, a 
redbed unit in the southern part of Plate 2, and the Queantoweap Sandstone in the 
southeastern part of Plate 2. 

 
 Arcturus Formation (Lower Permian)—Predominantly carbonate rocks in the northern 

part of Plate 1, thickening eastward. 
 
 Rib Hill Sandstone (Lower Permian)—Only in the northwestern part of Plate 1. 

 Riepe Spring Limestone and Ely Limestone, undivided (Lower Permian and 
Pennsylvanian)— Mapped only in the northern part of Plate 1.  The Riepe Spring 
Limestone (Lower Permian) is exposed in the northwestern part of Plate 1.  Includes 
the Brock Canyon Formation (Permian and/or Pennsylvanian) in the northwestern part 
of Plate 1; the Oquirrh Group (Lower Permian and Pennsylvanian) in the northeastern 
part of Plate 1; and the Bird Spring Formation (Lower Permian to Upper 
Mississippian) in Clark County, Nevada and the Pakoon Formation (Lower Permian) 
in Utah. 

 
 Ely Limestone (Pennsylvanian)—May include Missippian rocks at its base.  Mapped 

mostly in the central and northern part of Plate 1, thickening eastward.  Includes the 
Wildcat Peak Formation in the northwestern part of Plate 1 and the Callville 
Limestone in the southern and eastern part of Plate 2. 

 
 Diamond Peak Formation, Chainman Shale, Joana Limestone, and Pilot Shale, undivided 

(Upper Mississippian to Upper Devonian) 
 
 Diamond Peak Formation (Upper Mississippian)—Only in the northwestern part of Plate 

1.  This is a clastic unit derived from erosion of the Antler highland, including the 
Roberts Mountain thrust formed during the Antler deformational event.  Includes the 
Scotty Wash Quartzite in the southwestern part of Plate 2. 

 
 Chainman Shale (Upper Mississippian)—A clastic confining unit that has a similar origin 

to the Diamond Peak Formation.  The two make up the upper aquitard in the northern 
half of Plate 1.  Thus for this part of the map area, it separates the upper from the 
lower carbonate aquifer; in the area of Plate 2, the Chainman is thin and does not 
constitute a significant regional aquitard. 

 
 Joana Limestone and Pilot Shale, undivided (Lower Mississippian to Upper Devonian)—

The Joana Limestone (Lower Mississippian) and Pilot Shale (Lower Mississippian 
and Upper Devonian) make up the top of the lower carbonate aquifer in the northern 
half of Plate 1.  Includes local Lower Mississippian units Mercury Limestone and 
Bristol Pass Limestone.  Includes the Rogers Spring Limestone (Lower Mississippian) 
and Monte Cristo Limestone (Upper and Lower Mississippian) in the southern part of 
Plate 2; the Eleana Formation (Mississippian and Upper Devonian) in the western part 
of Plate 2; the Webb Formation (Lower Mississippian) in Elko County ; the Ochre 
Mountain Limestone and underlying Woodman Formation (Lower Mississippian) in 
the eastern part of Plate 1; and the West Range Limestone (Upper Devonian) in 
northern Lincoln County.   May include, at the top, thin deposits of the Chainman 
Shale. 

  Devonian to Upper Cambrian carbonate and clastic rocks, undivided. 
 
 Devonian and Silurian sedimentary rocks, undivided—Only shown on some cross 

sections (Plates 4, 5, 8, and 9). 
  
 Devonian carbonate sedimentary rocks, undivided—Includes the Woodruff Formation 

(Upper and Middle Devonian) in Elko County; and the Muddy Peak Limestone 
(Upper and Middle? Devonian) in the southern part of Plate 2. 

 
 Devils Gate Formation (Upper and Middle Devonian)—The western equivalent of the 

Guilmette Formation. 
 
 Guilmette Formation (Upper and Middle Devonian)—Mapped throughout, except in the 

western part of Plate 1.  Includes the Sultan Limestone in Clark County. 
  Nevada Formation (Middle and Lower Devonian)—The western equivalent of the 

Simonson and Sevy Dolomites.  Includes the Cockalorum Wash Formation, also in 
the western part of Plate 1. 

 
 Simonson Dolomite (Middle and Lower Devonian) and Sevy Dolomite, undivided 

(Lower Devonian)—Mapped in all but the western part of Plate 1. 
 
 Silurian and Ordovician sedimentary rocks, undivided—Shown on some cross sections 

(Plates 4, 5, 8, and 9). 
 
 Upper part (Silurian and Upper Ordovician)--Includes the Laketown Dolomite (Silurian), 

Fish Haven Dolomite (Upper Ordovician), Ely Springs Dolomite (Upper Ordovician), 
and Hanson Creek Formation (Upper Ordovician).  Includes the Roberts Mountains 
Formation and the Lone Mountain Dolomite in the northwestern part of Plate 1. 

 
 Lower part (Middle and Lower Ordovician)—Mostly the Eureka Quartzite (Middle 

Ordovician) and the Pogonip Group (Middle and Lower Ordovician).  Includes the 
Vinini Formation and Valmy Formation in the northwestern part of Plate 1.  Includes 
the Ely Springs Dolomite where it is thin in Clark County.  In Utah, includes the 
Crystal Peak, Watson Ranch, and Fillmore formations and the House Limestone. 

 
 Cambrian carbonate sedimentary rocks, undivided—Shown only on some cross sections 

(Plates 4, 5, 8, and 9). 
 
 Upper part (Lower Ordovician? and Upper Cambrian)—Includes the Notch Peak 

Limestone, Orr Formation, Windfall Formation, Nopah Limestone, Dunderberg Shale, 
and Corset Spring Shale.  In the extreme southwestern part of Plate 2, includes the 
Emigrant Formation (Upper and Middle Cambrian). 

 
 Middle part (Upper and Middle Cambrian)—Mostly the Highland Peak Formation and its 

southwestern equivalent, the Bonanza King Formation.  In Nevada, includes local 
units known as the Pole Canyon Limestone, Lincoln Peak Formation, Patterson Pass 
Shale, Hamburg Formation, Secret Canyon Shale, Geddes Limestone, and Eldorado 
Formation.  Includes the Muav Limestone in  eastern Clark County.  In Utah, includes 
the Wah Wah Summit, Trippe, Pierson Cove, Eye of Needle, Swasey, Whirlwind, 
Dome, Chisholm, and Howell formations.  This unit is a thick limestone sequence that 
marks the base of the lower carbonate aquifer. 

 
 Lower part (Middle Cambrian to Late Proterozoic)—Chisholm Shale (Middle Cambrian), 

Lyndon Limestone (Middle Cambrian), Pioche Shale (Middle and Lower Cambrian), 
Carrara Formation (Middle and Lower Cambrian), Stella Lake Quartzite (Lower 
Cambrian), Prospect Mountain Quartzite (Lower Cambrian and Late Proterozoic), and 
Johnnie Formation (Late Proterozoic).  The Prospect Mountain, in turn, has been 
subdivided into the Zabriskie Quartzite (Lower Cambrian), Wood Canyon Formation 
(Lower Cambrian), and Sterling Quartzite (Lower Cambrian and Late Proterozoic).  
Locally includes the Reed Dolomite (Lower Cambrian) and underlying Wyman 
Formation (Lower Cambrian?) in the southwestern part of Plate 2. 

 
 Metamorphosed and crystalline Precambrian basement rocks (Late to Early 

Proterozoic)—Throughout most of Plates 1 and 2, consists of metamorphosed 
quartzite of Late Proterozoic age, namely the McCoy Creek Group and, in Utah, also 
the underlying Trout Creek Group.  Locally, in the southern part of Plate 2, includes 
crystalline basement rocks. 
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Figure 1-1
Location of Project Basins and Other Hydrographic Areas
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Southern Nevada Water Authority

Section 2.02-2

    

Note:  Geologic cross sections are presented in Plates 4 and 5.  Hydrogeologic cross sections are presented in Plates 8 and 9.

Figure 2-1
Hydrographic Basins, Ranges, and Locations of Cross Sections
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Figure 3-1
Previous Large-Scale Mapping Used to Evaluate Geology and to Create the 

Geologic and Hydrogeologic Maps of Plates 1 and 2
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1:250,000 Geology Map of Delamar Valley and Vicinity (Rowley et al. 2011; Plate 1) 

                          
                           

 

Shown above are examples of the same area of Nevada that were geologically mapped at two different scales (1:250,000 and 1:500,000). The 

Rowley et al. 2011 geology map was completed at a 1:250,000 scale and shows greater detail to the geologic structures and units. The 1:250,000 map 

illustrates interbasin structures (faults within the valley floor) and types of faults (i.e. black normal, brown quaternary, green lateral faults, and 

caldera boundaries), whereas the 1:500,000 map of Stewart, J.H., and Carlson, J.E., 1978 display fewer structures and does not distinguish the type of 

structure. The reason that the maps were completed at different scales is the 1:500,000 mapped the entire state of Nevada (which requires less detail), 

while the 1:250,000 scale map focused on the SNWA project area and provide greater detail to the geologic structures and units.    

Delamar  

Mountains 
South Pahroc 

Range 

 1:500,000 Geology Map of Delamar Valley and Vicinity 

 (Stewart, J.H., and Carlson, J.E., 1978) 
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Section 5.0

Southern Nevada Water Authority

5-18

 
 

Source:  Mankinen et al. (2008)

Figure 5-12
Isostatic Residual Gravity Field Showing Maxspots
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Geologic and Geophysics Framework for Spring, Cave, Dry Lake, and Delamar Valleys

Section 5.0 5-3

 
 

locations of which tend to overlie the edges of causative bodies with abrupt, near-vertical contacts. 
For non-vertical contacts between geologic units of contrasting properties, maximum values of the 
horizontal gradients will be displaced down-dip and away from the edges of the body.  These 
maxima, along with the gradient “ridges” containing them, identify density contrasts that can help 
delineate deep-seated crustal structures, primarily faults, separating major tectonic domains.  Zones 
between these domains can potentially locate Cenozoic tectonic features and, indeed, many examples 
can be seen where the maxspots closely track faults that have been mapped at the surface.  Where 
lines of maxspots from deeper levels are displaced from each other toward the basin, a basin-dipping 
fault is suggested (Figure 5-1).  In other words, when progressively deeper maxspots are projected 
vertically (that is, upward continued) to the surface, onto the map of the isostatic residual gravity 
field, they are progressively farther on the downdip side of a fault than the actual surface trace of the 
fault (see Figure 5-5 and others).  The less a fault dips, the farther apart are the maxspots from the 
various depths, as opposed to a vertical fault, where the maxspots that are upward continued from 
different depths are on top of each other.                  

5.1.1 Gravity Data for Spring and Snake Valleys

Mankinen et al. (2006) interpreted the gravity data in Spring and Snake valleys (Figure 5-2), 
including 545 new gravity stations (Figure 5-3) collected primarily in Spring Valley, the northern 
Limestone Hills, northern Hamlin Valley, and southern Tippett (Antelope) Valley.  The isostatic 
gravity field for Spring and Snake valleys is shown on Figure 5-4.  The depth to basement, calibrated 
by 11 oil and gas wells, is shown on Figure 5-5.  The topographic contour interval in these figures is 
400 m.  Later, Mankinen et al. (2007) collected additional data in Tippett Valley and Spring Valley as 
well as areas to the south; and Mankinen and McKee (2009) reinterpreted the gravity data in Snake 
Valley, Hamlin Valley, and areas farther east of the geologic study area based on 206 new gravity 
stations in these regions.  In the fall of 2010, additional gravity data were collected by Mankinen and 
McKee (2011) in northern Spring Valley, Tippett Valley, and the unnamed valley between the Kern 

Note:  X at surface, blue dot from 2 km depth, red dot from 3 km depth.

Figure 5-1
Geologic Cross Section of a Normal Fault Interpreted from a Gravity Profile 

across It (Black Dots), Showing Upward-Continued Maxspots Projected onto a Map
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Geologic and Geophysics Framework for Spring, Cave, Dry Lake, and Delamar Valleys

Section 5.0 5-23

 
 

Source:  Pari and Baird (2011)

Figure 5-15
Map and 2D Model of Area of POD 54011
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                             Surficial and basin-fill deposits (Holocene to upper Miocene)—Unconsolidated to 

moderately consolidated, locally tuffaceous beds of sand, gravel, silt, and minor 
limestone deposited mostly by streams and small playa lakes.  Generally thin but, 
where unit fills basin-range-fault-bounded basins, may be 0-5000 feet thick and forms 
the upper valley-fill aquifer.  Some basin-fill deposits bear local names, including the 
Muddy Creek Formation (southern part of Plate 2), Panaca Formation (southern part 
of Plate 1), Horse Camp Formation (northwestern part of Plate 1), and Salt Lake 
Formation (northeastern part of Plate 1).  

 
 Basalt lava flows (Holocene to lower Miocene)—Resistant, thin, basalt lava flows and 

cinder cones.  The mafic end of the bimodal volcanic sequence that is synchronous 
with basin-range extensional faulting. 

  Sedimentary rocks, unit 4 (Miocene)—Moderately to well consolidated, mostly fluvial 
sandstone, conglomerate, and minor lacustrine limestone.  Primarily the Horse Spring 
Formation (11 to 20 Ma), a basal basin-fill sedimentary unit that is locally thick 
(3000+ feet) in the southern part of Plate 2. 

 
 Sedimentary rocks, unit 3 (Miocene and Oligocene)—Moderately to well consolidated, 

thin, mostly fluvial, tuffaceous sandstone and bedded airfall tuff 
. 
 Sedimentary rocks, unit 2 (Oligocene)—Moderately to well consolidated, thin, mostly 

fluvial, tuffaceous sandstone and conglomerate.  Includes the Gilmore Gulch 
Formation, with an age of about 30 Ma, in the northwestern part of Plate 1. 

 
 Sedimentary rocks, unit 1 (Oligocene to Upper Cretaceous?)—Moderately to well 

consolidated, mostly fluvial sandstone, conglomerate, and minor lacustrine limestone.  
Primarily the Sheep Pass Formation, but in the central part of Plate 1, includes the 
Paleocene and Upper Cretaceous(?) Grapevine Wash Formation and the Eocene and 
Paleocene Claron Formation.  Includes the Fowkes Formation and White Sage 
Formation in the northeastern part of Plate 1.  Unit in most places underlies all 
volcanic rocks. 

 
 Volcanic rocks (Miocene to Eocene)—Unit shown only in Plates 4, 5, 6, 7, 8, and 9, 

where it is referred to as the volcanic aquifer.  May be several thousand feet thick in 
many places, and in calderas and near other source vents, may be many thousands of 
feet thick.  On Plates 1 and 2, unit is separated into several rock types based on age, 
following the mapping strategy of Ekren et al, (1977). 

 
 Ash-flow tuff and interbedded airfall tuff, unit 4 (Miocene)—Poorly to densely welded, 

bimodal high-silica rhyolite and locally peralkaline ash-flow tuff and related airfall 
tuffs.  Includes the tuff of Honeycomb Rock (12.0 Ma), Ox Valley Tuff (14.0 Ma), 
tuff of Etna (14.0 Ma), tuff of Rainbow Canyon (15.6 Ma), tuff of Acklin Canyon 
(17.1 Ma), and tuff of Dow Mountain (17.4 Ma), derived from the Caliente caldera 
complex.  Includes the Kane Wash Tuff (14.4 to 14.7 Ma), the tuff of Boulder Canyon 
(15.1 Ma), and the tuff of Narrow Canyon (15.8 Ma), derived from the Kane Springs 
Wash caldera complex. 

 Ash-flow tuff and interbedded airfall tuff, unit 3 (Miocene and Oligocene)—Poorly to 
densely welded, calc-alkaline, low-silica rhyolite to dacite ash-flow tuff and related 
airfall tuffs.  Includes the tuff of Teepee Rocks (17.8 Ma), Hiko Tuff (18.3 Ma), Racer 
Canyon Tuff (18.7 Ma), and both Bauers Tuff Member (22.8 Ma) and Swett Tuff 
Member (23.7 Ma) of the Condor Canyon Formation, all derived from the Caliente 
caldera complex.  Also includes the Harmony Hills Tuff (22.0 Ma), probably derived 
from the eastern Bull Valley Mountains; the Leach Canyon Formation (23.8 Ma), 
probably derived from the Caliente caldera complex; the Bates Mountain Tuff (22.8 
Ma), derived from Lander County, Nevada; and the tuff of Saulsbury Wash (21.6 
Ma), the Pahranagat Formation (22.6 Ma), the tuff of White Blotch Spring (24 to 25 
Ma), the tuff of Kiln Canyon (24.1 to 25.1 Ma), the tuff of Lunar Cuesta (24.6 Ma), 
the tuff of the Quinn Canyon Range, and the Shingle Pass Tuff (26.4), all derived 
from the central Nevada caldera complex; and the tuff of Bald Mountain (about 25 
Ma), derived from the Bald Mountain caldera in the Groom Range. 

 
 Ash-flow tuff and interbedded airfall tuff, unit 2 (Oligocene)—Poorly to densely welded, 

calc-alkaline, low-silica rhyolite to dacite and trachydacite ash-flow tuff and related 
airfall tuffs.  Includes the Isom Formation (about 27 Ma), probably derived from the 
Indian Peak caldera complex; the outflow Monotony Tuff (27.3 Ma), the intracaldera 
tuff of Goblin Knobs (27.3 Ma), and the tuff of Hot Creek Canyon (30.0 Ma), all 
derived from the central Nevada caldera complex; the outflow Windous Butte 
Formation (31.4 Ma) and intracaldera tuff of Williams Ridge and Morey Peak (31.3 
Ma), derived from the Williams Ridge caldera of the central Nevada caldera complex; 
and the Needles Range Group (29 to 32 Ma), derived from the Indian Peak caldera 
complex. 

 
 Ash-flow tuff and interbedded airfall tuff, unit 1 (Oligocene and Eocene)—Poorly to 

densely welded, calc-alkaline, low-silica rhyolite to dacite and trachydacite ash-flow 
tuff and related airfall tuffs.  Deposited in the northern part of Plate 1.  Includes the 
Pancake Summit Tuff (33.7 Ma), derived from the Broken Back caldera west of  
Eureka; the Stone Cabin Formation (35.4 Ma), derived from an unknown caldera in or 
near northern Railroad Valley; and the Kalamazoo Tuff (35 Ma), derived from an 
unknown source probably in the northern Schell Creek Range or beneath adjacent 
northern Spring Valley.  In Utah, includes the Tunnel Spring Tuff (35.4 Ma). 

 
 Rhyolite lava flows, unit 4 (Miocene)—High-silica rhyolite lava flows and volcanic 

domes, mostly in and near the Caliente and Kane Springs Wash caldera complexes. 
 
 Rhyolite lava flows, unit 3 (Miocene and Oligocene)—Low-silica rhyolite lava flows and 

volcanic domes, mostly in and near the Indian Peak, Caliente, and central Nevada 
caldera complexes. 

 
 Rhyolite lava flows, unit 2 (Oligocene)—Low-silica rhyolite lava flows and volcanic 

domes, mostly in and near the central Nevada and Indian Peak caldera complexes. 
 
 Rhyolite lava flows, unit 1 (Oligocene and Eocene)—Low-silica rhyolite lava flows and 

volcanic domes, exposed in the northern part of Plate 1. 
  Intermediate-composition lava flows, unit 4 (Miocene)—Andesitic and locally dacitic 

lava flows, flow breccia, and mudflow breccia.  Includes andesite of the Hamblin-
Cleopatra volcano (11.5 to 14.2 Ma) in the Lake Mead area. 

 
 Intermediate-composition lava flows, unit 3 (Miocene and Oligocene)—Andesitic and 

locally dacitic lava flows, flow breccia, and mudflow breccia.  Includes andesite 
between the Racer Canyon Tuff and Condor Canyon Formation in the southeastern 
part of Plate 2, between the Caliente and Kane Springs Wash caldera complexes, and 
in and near the Indian Peak and central Nevada caldera complexes. 

 
 Intermediate-composition lava flows, unit 2 (Oligocene)—Andesitic and locally dacitic 

lava flows, flow breccia, and mudflow breccia.  Includes andesite in and near the 
Indian Peak caldera complex and in the southern Egan Range. 

 
 Intermediate-composition lava flows, unit 1 (Oligocene and Eocene)—Andesitic and 

locally dacitic lava flows, flow breccia, and mudflow breccia.  Exposed in the 
northern part of Plate 1.  In the northeastern part of Plate 1 includes thin ash-flow 
tuffs, notably the Kalamazoo tuff.  In Utah, includes the Horn Silver Andesite. 

 
 Megabreccia (Miocene and Oligocene)—Masses of mostly Paleozoic sedimentary rocks 

and intertongued volcanic breccia deposited within calderas from landsliding of the 
oversteepened caldera margins following caldera subsidence as a result of rapid 
eruptions of ash-flow tuff.  Includes rocks in the Indian Peak caldera complex, 
Caliente caldera complex and central Nevada caldera complex.  Includes gravity 
slides west of the Sheep Range and Beaver Dam Mountains. 

 Intrusive rocks (Miocene to Paleocene)—Mostly silicic, calc-alkaline plutons. 
 
 Intrusive rocks (Miocene to Cretaceous)—Mostly silicic, calc-alkaline plutons. 
 
 Intrusive rocks (Upper Cretaceous)—Mostly silicic, calc-alkaline plutons that  
  accompanied Sevier deformation. 
 
 Sedimentary rocks, undivided (Upper and Lower Cretaceous)—Sevier-age, mostly thin, 

fluvial synorogenic clastic deposits, including the Baseline Sandstone (Upper and 
Lower Cretaceous) and Willow Tank Formation (Upper Cretaceous) in the southern 
part of Plate 2, and the Iron Springs Formation (Upper Cretaceous), Cedar Mountain 
Formation (Upper Cretaceous), and Dakota Sandstone (Upper Cretaceous) in the 
southeastern part of Plate 2; and the Newark Canyon Formation (Paleocene? to Lower 
Cretaceous?) in the northern part of Plate 1. 

 
 Intrusive rocks (Jurassic)—Mostly silicic, calc-alkaline plutons that accompanied Sevier 

deformation. 
  Sedimentary rocks, undivided (Jurassic)—Includes, in the southeastern part of Plate 2, 

the mostly marine Carmel and underlying Temple Cap formations (Middle Jurassic).  
Also in the southeastern part of Plate 2, includes the eolian Navajo Sandstone and 
mostly fluvial Kayenta and Moenave formations, all Lower Jurassic.  Mostly clastic 
units.  In the southern part of Plate 2, the Aztec Sandstone is the equivalent of the 
Navajo.  Includes the Dunlop Formation (Lower Jurassic) in the northwestern part of 
Plate 1. 

 
 Sedimentary rocks, undivided (Triassic)—Includes, in the southeastern part of Plate 2, 

the mostly fluvial Chinle Formation (Upper Triassic) and mostly fluvial Moenkopi 
Formation (Middle? and Lower Triassic).  Includes the Luning Formation (Upper 
Triassic) in the northwestern part of Plate 1.  In the northeastern part of Plate 1, 
includes the Thaynes Formation (Lower Triassic).  The majority of these rocks are 
clastic.  

  Paleozoic sedimentary rocks, undivided—Shown on Plates 4, 5, 8, and 9, where rocks in 
the hanging wall of the Snake Range decollement are buried by younger rocks. 

 
 Park City Group, undivided (Upper and Lower Permian)—From top to base, consists of 

the Gerster Limestone (Upper Permian), Plympton Formation (Upper and Lower 
Permian), Kaibab Limestone (Lower Permian), and Toroweap Formation (Lower 
Permian).  These make up the top of the upper carbonate aquifer. 

 
 Arcturus Formation and Rib Hill Sandstone, undivided (Lower Permian)—Included 

within the upper carbonate aquifer.  Includes the Pequop Formation in Elko County, a 
redbed unit in the southern part of Plate 2, and the Queantoweap Sandstone in the 
southeastern part of Plate 2. 

 
 Arcturus Formation (Lower Permian)—Predominantly carbonate rocks in the northern 

part of Plate 1, thickening eastward. 
 
 Rib Hill Sandstone (Lower Permian)—Only in the northwestern part of Plate 1. 

 Riepe Spring Limestone and Ely Limestone, undivided (Lower Permian and 
Pennsylvanian)— Mapped only in the northern part of Plate 1.  The Riepe Spring 
Limestone (Lower Permian) is exposed in the northwestern part of Plate 1.  Includes 
the Brock Canyon Formation (Permian and/or Pennsylvanian) in the northwestern part 
of Plate 1; the Oquirrh Group (Lower Permian and Pennsylvanian) in the northeastern 
part of Plate 1; and the Bird Spring Formation (Lower Permian to Upper 
Mississippian) in Clark County, Nevada and the Pakoon Formation (Lower Permian) 
in Utah. 

 
 Ely Limestone (Pennsylvanian)—May include Missippian rocks at its base.  Mapped 

mostly in the central and northern part of Plate 1, thickening eastward.  Includes the 
Wildcat Peak Formation in the northwestern part of Plate 1 and the Callville 
Limestone in the southern and eastern part of Plate 2. 

 
 Diamond Peak Formation, Chainman Shale, Joana Limestone, and Pilot Shale, undivided 

(Upper Mississippian to Upper Devonian) 
 
 Diamond Peak Formation (Upper Mississippian)—Only in the northwestern part of Plate 

1.  This is a clastic unit derived from erosion of the Antler highland, including the 
Roberts Mountain thrust formed during the Antler deformational event.  Includes the 
Scotty Wash Quartzite in the southwestern part of Plate 2. 

 
 Chainman Shale (Upper Mississippian)—A clastic confining unit that has a similar origin 

to the Diamond Peak Formation.  The two make up the upper aquitard in the northern 
half of Plate 1.  Thus for this part of the map area, it separates the upper from the 
lower carbonate aquifer; in the area of Plate 2, the Chainman is thin and does not 
constitute a significant regional aquitard. 

 
 Joana Limestone and Pilot Shale, undivided (Lower Mississippian to Upper Devonian)—

The Joana Limestone (Lower Mississippian) and Pilot Shale (Lower Mississippian 
and Upper Devonian) make up the top of the lower carbonate aquifer in the northern 
half of Plate 1.  Includes local Lower Mississippian units Mercury Limestone and 
Bristol Pass Limestone.  Includes the Rogers Spring Limestone (Lower Mississippian) 
and Monte Cristo Limestone (Upper and Lower Mississippian) in the southern part of 
Plate 2; the Eleana Formation (Mississippian and Upper Devonian) in the western part 
of Plate 2; the Webb Formation (Lower Mississippian) in Elko County ; the Ochre 
Mountain Limestone and underlying Woodman Formation (Lower Mississippian) in 
the eastern part of Plate 1; and the West Range Limestone (Upper Devonian) in 
northern Lincoln County.   May include, at the top, thin deposits of the Chainman 
Shale. 

  Devonian to Upper Cambrian carbonate and clastic rocks, undivided. 
 
 Devonian and Silurian sedimentary rocks, undivided—Only shown on some cross 

sections (Plates 4, 5, 8, and 9). 
  
 Devonian carbonate sedimentary rocks, undivided—Includes the Woodruff Formation 

(Upper and Middle Devonian) in Elko County; and the Muddy Peak Limestone 
(Upper and Middle? Devonian) in the southern part of Plate 2. 

 
 Devils Gate Formation (Upper and Middle Devonian)—The western equivalent of the 

Guilmette Formation. 
 
 Guilmette Formation (Upper and Middle Devonian)—Mapped throughout, except in the 

western part of Plate 1.  Includes the Sultan Limestone in Clark County. 
  Nevada Formation (Middle and Lower Devonian)—The western equivalent of the 

Simonson and Sevy Dolomites.  Includes the Cockalorum Wash Formation, also in 
the western part of Plate 1. 

 
 Simonson Dolomite (Middle and Lower Devonian) and Sevy Dolomite, undivided 

(Lower Devonian)—Mapped in all but the western part of Plate 1. 
 
 Silurian and Ordovician sedimentary rocks, undivided—Shown on some cross sections 

(Plates 4, 5, 8, and 9). 
 
 Upper part (Silurian and Upper Ordovician)--Includes the Laketown Dolomite (Silurian), 

Fish Haven Dolomite (Upper Ordovician), Ely Springs Dolomite (Upper Ordovician), 
and Hanson Creek Formation (Upper Ordovician).  Includes the Roberts Mountains 
Formation and the Lone Mountain Dolomite in the northwestern part of Plate 1. 

 
 Lower part (Middle and Lower Ordovician)—Mostly the Eureka Quartzite (Middle 

Ordovician) and the Pogonip Group (Middle and Lower Ordovician).  Includes the 
Vinini Formation and Valmy Formation in the northwestern part of Plate 1.  Includes 
the Ely Springs Dolomite where it is thin in Clark County.  In Utah, includes the 
Crystal Peak, Watson Ranch, and Fillmore formations and the House Limestone. 

 
 Cambrian carbonate sedimentary rocks, undivided—Shown only on some cross sections 

(Plates 4, 5, 8, and 9). 
 
 Upper part (Lower Ordovician? and Upper Cambrian)—Includes the Notch Peak 

Limestone, Orr Formation, Windfall Formation, Nopah Limestone, Dunderberg Shale, 
and Corset Spring Shale.  In the extreme southwestern part of Plate 2, includes the 
Emigrant Formation (Upper and Middle Cambrian). 

 
 Middle part (Upper and Middle Cambrian)—Mostly the Highland Peak Formation and its 

southwestern equivalent, the Bonanza King Formation.  In Nevada, includes local 
units known as the Pole Canyon Limestone, Lincoln Peak Formation, Patterson Pass 
Shale, Hamburg Formation, Secret Canyon Shale, Geddes Limestone, and Eldorado 
Formation.  Includes the Muav Limestone in  eastern Clark County.  In Utah, includes 
the Wah Wah Summit, Trippe, Pierson Cove, Eye of Needle, Swasey, Whirlwind, 
Dome, Chisholm, and Howell formations.  This unit is a thick limestone sequence that 
marks the base of the lower carbonate aquifer. 

 
 Lower part (Middle Cambrian to Late Proterozoic)—Chisholm Shale (Middle Cambrian), 

Lyndon Limestone (Middle Cambrian), Pioche Shale (Middle and Lower Cambrian), 
Carrara Formation (Middle and Lower Cambrian), Stella Lake Quartzite (Lower 
Cambrian), Prospect Mountain Quartzite (Lower Cambrian and Late Proterozoic), and 
Johnnie Formation (Late Proterozoic).  The Prospect Mountain, in turn, has been 
subdivided into the Zabriskie Quartzite (Lower Cambrian), Wood Canyon Formation 
(Lower Cambrian), and Sterling Quartzite (Lower Cambrian and Late Proterozoic).  
Locally includes the Reed Dolomite (Lower Cambrian) and underlying Wyman 
Formation (Lower Cambrian?) in the southwestern part of Plate 2. 

 
 Metamorphosed and crystalline Precambrian basement rocks (Late to Early 

Proterozoic)—Throughout most of Plates 1 and 2, consists of metamorphosed 
quartzite of Late Proterozoic age, namely the McCoy Creek Group and, in Utah, also 
the underlying Trout Creek Group.  Locally, in the southern part of Plate 2, includes 
crystalline basement rocks. 

ballashd
Typewritten Text
SNWA Exhibit 58



MAP ID 18433-3211  05/25/2011  JAB/BPPLATE 4.  CROSS SECTIONS SHOWING GEOLOGY OF WHITE PINE AND NORTHERN LINCOLN COUNTIES, NEVADA, AND ADJACENT AREAS, NEVADA AND UTAH

Maverick Springs Range
Long Valley Butte Valley

Medicine Range Cherry Creek Range
Steptoe Valley

Antelope Range
Federal No. 1-5 

SECTION Y - Y'
 TD = 10,530' TD = 10,530'

Y Y'
W E

Mean Sea Level

10,000 ft AMSL

-10,000 ft AMSL

10,000 ft AMSL

-10,000 ft AMSL

Mean Sea Level

SOuSOu _m_m p_ _m_uSOu SOu_m P* Du_u
_u

SOu_uSOu
TKi

MD
SOuTi

DuDu
SOu

SOuDu
_p_s

SOu DuMDMDT
i

SOu
Du

Par
MD

SOu Du
_m

Du

_m

Du Du Mc

_m

MD
SOu

Mc

MDDu

Mc

P*
SOu

MD MD
Du

MD
_u

MD

Du

_uMd

_
u

Du
MD Mc

Mc
Du

McMc MD
P*

Mc
Du

Mc

Ti
Par

Mc
MD _m

Du
Md MDMD McMD P*

Mc

Md
P*

MdPr
Du

McMD
P*

Tv
P*

SOu

_u
Mc

SOu
Par

SOu

Mc Md

TKi

P* P*
Mc

Md
Par MD P*

Tv

Pa ParP*Md P*P*
ParPr ParMd

SOu
Md Mc Tv

Du

DuP* P*
Pr

Pr

Du
Pp ParTv

M
D

Pa Par
PaPr

Par
MD

P* Pr

QTa
QTa

^s QTaPa
MD

TvPr P*
Tv

P*
TvPr

P*

Pp
Du

Pa TvPr McPar
MDP*

Mc

Pp

Pa

QTa Tv

Du
MD

Pa Pa

Md

Mc
MD
Du

_u TKi

Kern Mountains Deep Creek Range Middle Range Fish Springs Range
Snake Valley Tule ValleyPleasant ValleyAntelope Valley

Buck Mountain
Long Valley

Long Jevity
Federal No.1

Long Valley
Federal No. 34-1

Butte Mountains
Butte Valley

Cherry Creek Range
Butte Valley

Egan Range
Steptoe Valley

Schell Creek Range
Spring Valley

Antelope Range Red Hills White Pine Juab
NEVADA UTAH

SECTION X - X'
TD = 10,346'TD = 10,346'

TD = 6,563'TD = 6,563'
Mean Sea Level

10,000 ft AMSL

-10,000 ft AMSL

10,000 ft AMSL

-10,000 ft AMSL

Mean Sea LevelX X'
EW

_p_s Du SOu _mp__p_s Ol p__m Ol _m
p_

MD
_m_m _p_sOl

_u_u
p_Mc

_m
p_SOu _u_m _m

_u
p_

Du _p_sSOu
_u

Ol _p_s_m

_u

TKi

_u
_u

_p_s

_u
_u

MD MD
_m P*

Du

p_p_

_u

Ol _m

Du

Ol _p_s

_u
Mc

_p_s

Du

MD

p_Ti

_u _m
Par

Ol

SOu

Du

P*MD
Ol

SOu
Mc

Du
Ol

Mc
_m

MD

SOuOl

MD

TKi
_m _m

_uOl P* Mc

p_
_m

MD

_u
Md _p_sOl SOu_u

*
_u

Du _u
_p_s

_p_s
Mc

_mDu
Du

PaP*

Ti

Pr

TKi

Ol
_u

Par

MD

|uTv

Mc Ti

P* *

P*
Md

Du
_u

Du
SOu

P* Du

Tv

Du
|u

Pa

Mc

MDPa
Ds

SO
u_u

Tv
*

SOu_p_s
Pp _m

|u

SOu
Du

_p_s

_mDuDs

SOu

Ti

Tv

Ti

Du
Tv

Du QTaSOu Pp
TvMc

P*

Pa

Md Pa
_m

Par Tv SOu

Par

Ds
Ol _m

Tv

Tv
Du _mMd

Ol

_u QTaDs
QTaQTa _m

QTa

Dg Tv
Tv

Ol
_m_uQTa

P*

P*
Dg

QTa QTa

Ti

_u
Du

_uMdMd
QTa

SOuPr Tv

Dg

p_

_p
_s _u

p_

M
D Tv

Ti

Ol _m

_m

Pa

_uDs Ol

TKi

SOu

Du

Mc

SOu

MD
SOu M

cPp

MD

^s

QTb

Mc

Tv

QTb

Tv

QTaPpMD
Dg

Ds*
MD Tv P* Ol

Du

*

Du

SOu

Tv
Pp

Qtb
QTa

Md

Du

M
D

Mc

SO
u

_p_s

p_

Snake Range Snake Valley Confusion Range
Spring Valley

White Pine Range
Illipah Federal No. 1 

Jakes Valley
Egan Range

Steptoe ValleyFederal No. 54X-36
Duck Creek Range

Duck Creek Valley
Schell Creek Range White Pine Millard

NEVADA UTAH

Cobra State 12-36

SECTION W - W'

TD = 7,620'TD = 7,620'
TD = 7,810'TD = 7,810'

TD = 3,765'TD = 3,765'

Mapped quaternary faults

W W'
10,000 ft AMSL

-10,000 ft AMSL

Mean Sea Level

EW

Mean Sea Level

10,000 ft AMSL

-10,000 ft AMSL Ji _m_m _mSOu _mDu_u SOuSOu SOuMD _p_s_p_s

_u
_u_u Mc_m _uSOu p_ p_ p_Du

Mc
SOuDu _u_p_s

_m
DuSOu

Md
_u

MD
Md _m

MD
SOu Pzu

SOu Ji
_p_s

MD
Du SOu

SOu
p_Mc _mMc

Du

p_P*
_p_s

Mc

_u
SOu

Ji

TvMD
Md

Du SOu_p_s

_m

Md
P*

Pp _u
Par_mDu

_uMD

_u
Mc

Du

SOu
Du

Pzu

Du
Ji

Par

Ts1

_p_s

_p_s _uP*P* MdDu
_u

Du
Tv *

P*
MD

p_

_p_s
Tv _u

_m

Mc

SOu p_

Md
MD

Mc

Tv

Du

Du SOuSOu

Ti

_m
Mc *

P*
Tv *

Par
QTa

Tv Pp

Du

Pp
*P*

Pzu
Pa

Pa
Par

Pa
_p_s

Md

Ji

Par _uP*
SOuP*Pp

p_

QTaP*
QTaMD

Du

Pp DuMd

QTa

Md Par
McMd

Tv

p_

Tv

P*

Par ParPar Par

MD

QTaSOu Du
Tv

p_
_p_sp_

_m

_p_s

^s

MD

MD

Tv
Mc

Pp

_uMDTv QTaQTa
P*

_m
_m

Du

SOu

Snake Range
Snake Valley

Confusion Range
NEVADA UTAH

Spring Valley Baker Creek
No. 12-1

TD = 12,131'TD = 12,131'

White Pine MillardWhite River Caldera Complex
Schell Creek Range

Steptoe Valley
Egan Range

White River ValleyWhite Pine Range
Nye

County
White Pine
County

Baker

TD = 9,125'TD = 9,125'

TD = 4,912'TD = 4,912'

Be
nd

in 
Se

cti
on

SECTION V - V'

Titan Federal 
No. 1-9Shields Federal

No.  13-22
Conoco Federal

No. 19-1

TD = 7,760'TD = 7,760'
TD = 4,787'TD = 4,787'

Horse Heaven ST 16-21AFerguson Desert

Numerous mapped quaternary faults

10,000 Feet

Mean Sea Level

-10,000 Feet

V V'
10,000 Feet

Mean Sea Level

-10,000 Feet

EW

Ji _p_s_c _p_s_p_sJi_c OlTi Ol _c_p_s _p_s_c
_cOlp_ _cOlOl

_p_s

_c
Ti _p_s

Ol

Ti _p_s _cp_

Ol

Ti
Ol

Ol

Du
Ti

Ol _c
_c

Ol
_c

Du

Ji

Ol
Ol

Ol

Du

Du Ol

_c

Du

_c

_c

P*

Du
DuDu

_c

_c
DuDu

Du

Ol
Ol

_c

Ol

_p_s

Ol Ol
Par

Du

Du
Du

P* Ol Ol

Par
P*Du

P*
P*

P*

Du

Tv Du

Ji

Ol
Ol

_c

P*
Du

_c

OlDu
P*

Tv

P*_c
Ol

QTa

_p_s
Tv

QTa Pa
_c DuP*
_c

QTaDu
Du

QTa

Pa

Tv

ParOl DuParP* Du

Ji

Tv

P*

P
*

_c

Ol

p_
_p_s

Du

SOu

MD

Tv

SOu

SO
u

M
D

Mc
QTa

Mc

SOu

MD Ts1

SOu

Mc MD
Tv

Mc

MD

SOu
SOu Tv

Mc

QTa
QTaQTa QTa

SOu

Mc

QTa

QTa

_c

QTa

Egan Range Schell Creek Range Fortification
Range Limestone Hills Snake Range Mountain Home Range

Southern Tunnel
Spring Mountains

White River Valley

Cave Valley Lake Valley Spring Valley Hamlin Valley Antelope Valley

Nye
County

Lincoln
County NEVADA UTAHCounty Line

Unit No. 1

MillardLincoln
Horse Range

Be
nd

in 
Se

cti
on

SECTION U - U'

White River
No. 2

Russell - Federal
No. 1

A  T

TD = 4,850'TD = 4,850'
TD = 7,588'TD = 7,588'

TD = 6,150'TD = 6,150'

Mapped quaternary faults Mapped quaternary faults
10,000 Feet

-10,000 Feet

Mean Sea Level

10,000 Feet

-10,000 Feet

Mean Sea LevelU U'
W E

_c _cp_ _p_s_cp_ _cp_ _p_s_c_c TKi _p_s_cp_ Ol _c

Ol_p_s _c _p_s_p_s
_cOl _p_s

Ol
_c _c

Ol _c
Ol

_c_p_s p_
Ol

Ol _cOl _c_p_s _c_p_s
_p_s_c

Ol
Ol

Du

_c

Ol

P*

Du
Du

_c

Du_c _c
Du

Du

Tv
Mc

_p_s
_p_s

_c

Tv
MD
d

Ol

P*
_cMc OlDu Du Ol

MD
d

_c

Du

P*

_c

Ol

Dg
Du

P* TvMDd

Ol

P*

Du

Dg

p_
Ol

Ol
Ol

Pa
Du

Tv Tv

_p_s

Du

P*

OlTv

Du

Du

_c Ol

Dg

p_

MD
d

_c

Mc

QTa OlP*
_c

Tv*
QTa

QTa
MDdP* Dg

Dg
P*

Ol

Mc

Du
Dg P*

_c P* PaPa
P*

QTa

Dg _c _c

Tv

p_

P* QTaDu

P*

Ol
_p_s

_p_s

_p_s

SOu MD

SOu

SOu

SOuMD
TvQTa

QTaTv
QTa

SOu
MD

Tv
M
c

_p_s

McMD

Dg

MD Dg
*MD

Ts1 MD

SOu

Tv

Ts1

MD

Tv

QTa

SOu

SOu

SOu

MD

p_

Ts1

Du

M
c
M
D

QTa

Indian Peak
Caldera Complex

Nye
County

W10,000 Feet

Mean Sea Level

-10,000 Feet

R R'
E 10,000 Feet

Mean Sea Level

-10,000 Feet

SECTION R - R'

Fotification
RangeLincoln

County

Egan Range Cave Valley Schell Creek
Range Lake Valley

Foreland Federal
No. 1-28

T  A

TD = 3,909'TD = 3,909'

Mapped quaternary faults

_c

Ol

Tv

_c

Du QTa

_c

_c

Tv

_p_s

Ol

Du

Du

Tv

Ol

Du Ol

_c
Ol

Tv

Ol
_p_s

DuOl

P*

P*

_c
Du

Tv

p_

Ol

QTa

_c

_p_s

Ol

P*

_c

P*
Tv

Du

Du

P*

Ol

_c P*

Tv
SOu

Tv

Ti

QTa

SOu

MDd
P*

MDd

SOu

MDd
Du

MDd

SOu

SOu

P*

P*

Tv

p_

MDd

_p_s

MDd

SOu
SOu

QTa
MDQTa

MDd

Ts1

Indian     Peak     Caldera     Complex
Nye

County

SECTION Q - Q'

Egan
Range

Lincoln
County

Grant Range
Garden Valley Schell Creek

Range
White River Valley Cave

Valley Muleshoe
Valley

Ring
Fracture

Zone
Fairview Peak
Segment of the

Indian Peak Caldera Complex Nevada Utah

Lake
Valley

Wilson Creek
Range White Rock

Mountains Hamlin Valley Indian Peak Range
Gose "EU"

Federal No. 1

A  T A  T A  T T  AT  A

TD = 5,690'TD = 5,690'

Mapped quaternary faults

Q Q'
10,000 Feet

Mean Sea Level

-10,000 Feet

10,000 Feet

Mean Sea Level

-10,000 Feet

W E

_c
_c

Ol

Ol

_c

OlTi

Du

_c_c _c TiTi_c_c _c TiDu TiOl Ol Ti_c
Ol

Ti Ti Ti Ti

Mc P*
_c

OlOl
Ol

Ol Ti Ti Ti_c

SOu

_c

OlOl_
p
_
s

Du

_p_s
Ol

Ol

McDu
Du

Mc
DuTvOl

P*
Du Du

Mc
McOlDu

Mc

Du Du P*Du
Mc Mc Tv

_c

Ol

*Mc Du
MD * TvMc Du

Tv

Tv MD

Tv

*

Du
Du

Tv Tv TvQTa
Mc

TvTv

_c

Tv
Du

Mc*
Tv QTaTvDuDu

Tv

QTaQTa

Tv
Tv

Tv QTa

Tv

Tv Tv
Tv

Tv

T
v

Tv

Tv

Tv Tv

TvTv

Ol

Tv

Tv

SO
u

Du

Ol
Tmb

QTa

p_

Garden Valley E

SECTION T - T'

Quinn Canyon Range
Caldera

Be
nd

in 
Se

cti
on

Coal Valley Seaman
Range

Pahroc Valley

North
Pahroc
Range Dry Lake Valley

West
Range

Central Nevada Caldera Complex

T  A

Garden Valley
No. 1

Adobe Federal
No. 19-1

TD = 6,401'TD = 6,401'
TD = 7,706'TD = 7,706'

T T'
10,000 Feet

Mean Sea Level

-10,000 Feet

10,000 Feet

Mean Sea Level

-10,000 Feet

W

Ti

Tv

_c

Ol

Ti
_cOl

Ol

Du

Du

_c

Tv
Du

Tv

Tv

Ti
Ol

Ol

TvTv

DuTv

Du

Ol _c
_c

Du

QTa

_c _c

_c

_c

Tv

Du

_c Du

Ti

Ol
Ol

_p_sOl

QTaQTaTv Du

P* _c

QTa

_p_s

Ol
Tv

P*

Ti

Ol

P*

Tv Ol
_c

Du

_p_sTi

Du

_c_c

Du

Tv

_c

P*

Du

OlDu Du _p_s

_c

Ol

p_

Ol

_p_s

Du

Du

Ol

_p_s

Tv

Tv

_p_s

Tv

Tv

SOu

SOu

SOu SOu

_c

MD

Tv

SOu

QTa

SOu

MD
Tv

MD
SOu

SOu

Ol

MDd

MDd
OlOl

Tv

_p_s

_p_sSOuSOuMD

SOu

MDd

Ol

Tv Tv

Du

SOu
QTa

MDd

MDd
MDd

QTa

Tv
QTa QTa QTa Ta3

QTb
QTb

Black Canyon RangeW

SECTION P - P'

Dry Lake ValleyCoal Valley Seaman Range Pahroc Valley
North

Pahroc Range Highland Range Panaca Valley
Line of S-S'

cross section

A T

Panaca10,000 Feet

Mean Sea Level

-10,000 Feet

P P'
10,000 Feet

Mean Sea Level

-10,000 Feet

E

_c

_p_s

p_

_p_s

QTa

_p_s

Ol

_c

_c

_c

_c

Du QTa

Du

_c

_c
_p_s

Ol

_c

Ol
Tv

Ol

_p_s

_c

Du

_c

_c

Du

Du
Du

_p_s

_p_sOl

_c

Ol

_p_s

_p_s
Ol

_c

OlOl

_c

_p_s

Tv

_c

Tv

_c

_c

_c

Tv
Tv

_c

_c

Ol

Ol

Ol

_c

Tv

Ol
Ol

_p_s

Tv

_p_s

_p_s

Tv

_c
_c

_c

_c

_c

_p_s

Tv

Tv

_p_s

QTa

_c

Tv

Tv Tv

_p_s

Ol

_p_s_p_s p_

Tv

p_

_c

Ol

_p_s p_

Tv

Tv

OlSOu

p_

SOu

MD
Tv

Tv
Tv

QTa

TvTv

Tv

SOu

Tv

SOu

MD

SOu

_c

Tv
QTb

Tv
QTb

QTaTv

MD Tv

QTaQTa TvQTa QTa

_p_s

QTa
QTa

MDd
QTa

MDd MDdMDd
QTa

QTaQTa

North
Pahroc Range

Mount Irish RangeW10,000 Feet

Mean Sea Level

-10,000 Feet

S S'
E 10,000 Feet

Mean Sea Level

-10,000 Feet

SECTION S - S'

Hiko
Range

Line of P-P'
cross section

Pahranagat
Valley Dry Lake Valley

Burnt Springs
Range

Highland
Range
Highland DetachmentGass Peak Thrust Sixmile Flat

Panaca Valley
Panaca

A T A T AT
A T

Numerous Mapped Faults

Be
nd

in 
Se

cti
on

_c

Ol

_c p_

Ol

QTa

Ol

_c

_c
_c

_c _p_s

QTa

_p_s

_p_s
_c _c

_cSOu

p_

Ds

_c

_c

_c

p_

Ds SOu

_p_s
_c

_c

Ds
SOu

_p_s

Tv QTa

_p_s

_c

_c

Dg
Ol

_p_s

_p_s

p_

p_

Dg

Tv Tv_p_s
Ol

Ol

Tv

SOu

Ds

Ds
_p_s

_p_s

Ol
Tv

Dg
_p_s

Md

Ol

p_

MD

_p_s

Tv Tv

_p_s

SOu
SOu

_c

_p_s
p_

Tv

_c

_c

SOu

Tv

_p_s
_p_s

Ds
Tv

_p_s

Tv
SOu

TvQTa

Tv

SOu

Tv
MD

SOu

Tv

Tv

Ds

p_

Tv

_p_s _p_s

Tv Tv

_c

SOu

QTaQTa

MD

_p_s

QTbQTa

_p_s

Ts1SOuDu

Delamar Valley
W10,000 Feet

Mean Sea Level

-10,000 Feet

O O'
E 10,000 Feet

Mean Sea Level

-10,000 Feet

SECTION O - O'

South Pahroc
RangeMount Irish Range Pahrangat Valley Hiko

Range Sixmile Flat

Western Margin of
Caliente Caldera Complex

Gass Peak Thrust
Crystal
Springs

_c

Ds

Tv

MD MDDs Tv QTa

MD DgQTa QTa

Tv

QTa

Dg
Ds

TvDs
TvDs

QTa QTa
Dg Dg MD QTa TvSOu Tv

TvDs

Tv

DsDs
Ol

Ds Dg

_c

SOuSOuTv SOuMD
Ol DuDs

_c

Dg
SOu Dg SOu

Ol
SOu

Ol

SOu OlDs Ol

_c

Ds

_c _c

SOu
_cOl

Ol
_c

_p_s

SOuSOu

_c
_p_s

_c
Ol

_c
_c _p_s_p_s

_p_s Ti TiTi_c
_p_s _p_s_p_s

TvTv

_c
_c

Tv

Du SOu

Ol

_p_s
_p_s

Tv

Ol

SECTION N - N'

Pahranagat Range East Pahranagat
Range

Gass peak Thrust Belt Pahranagat Valley

South
Pahroc
Range

Delamar Valley

line of D-D'
cross section

Delamar Mountains

Rainbow
Canyon

Ash
Canyon

Caliente  Caldera  Complex

Clover
Creek

Beaver Dam Flat
NEVADA UTAH

Numerous Mapped Faults

A   T A   T A   T A   T A   T A   T A   T A   TA   T A   T A   T A   T A    T A   T

N'
10,000 Feet

Mean Sea Level

-10,000 Feet

E

N
10,000 Feet

Mean Sea Level

-10,000 Feet

W

Tv

Tv

Tv Tv Tv

Tv

Tv
Tv Tv

Tv

Tv

QTb

Tv
_c

Tv

QTa

_p_s

Tv

Tv
Tv Tv

QTa

QTa
Tv TvTv

Tv
Tv

Tv
Tv

TvDuTv TvMD
Tv

Tv
_c

MD Tv
QTaQTa Tv

TvP* Md
Du MD

QTa
Du Tv

_c

SOuOl Du

QTa

_c SOuDu Du

QTa

_c

Du
Du

QTa

Du

Tv

_c
TvOl

Tv TvDg
SOu

SOu
Du

Ti

SOu
Ol

Ol

Ti TiTi
_c

SOu

Ti

Du
Ol

Ti

SOu

SOu Ol

Ti TiTiTiTi_c

Ol
SOu

Ol

Ol
_c

Ti Ti

Ol

Ti

SOu
_p_s

OlOl
_c

Ol

_p_s

Ti

Ti
Ol

Ti
Ti

_c _p_s
_c

_c

_c

p_

_c

_c
_c _c _p_s _p_s _p_s

_p_s_p_s
_p_s

Ti

NW

SECTION D - D'

Delamar Mountains
Rainbow
Canyon

Pennsylvania
Canyon

Clover Mountains

line of N-N'
cross section

A   T A   T A   T A   T

D D'

NW
SE 10,000 Feet

Mean Sea Level

-10,000 Feet

10,000 Feet

Mean Sea Level

-10,000 Feet

_p_s

Tv

Ti
Tv TvTv

Ti

Tv

Tv
Tv

QTaTv

Tv
Tv

_c

_p_s

QTa_p_s

Tv
Tv

Tv
_c

TvTv

_c
Ol Ol

Ol

_c
_c

_c

_c

Ol

DSTi

_c

MD

_c
P*

_c

_c
Pp

_c
_c

_c_c

_p_s

p_

^s^s

_p_s

^s ^s

Pp
_p_s

Pp Ppp_

_p_s

_p_s
_p_s _p_s P* P*P*Ti

MDMDMDTi DS

E

SECTION M - M'

Pahranagat Range East Pahranagat
RangeGass peak Thrust Belt

Pahranagat Valley South Pahroc
Range Delamar ValleyAlamao

Hiko
Range

line of C-C'
cross section

Numerous nornal faults Numerous
quaternary

faults

M M'
10,000 Feet

Mean Sea Level

-10,000 Feet

10,000 Feet

Mean Sea Level

-10,000 Feet

E
W

MD
Du

SOu

Tv

Du

_c

MD
Tv

Ol

Tv

MDOl

_c

Du
Tv

QTa

Tv TvTv

QTaQTa

Tv

QTaTv QTa

TvSOu
Tv

QTa TvSOu
Du

SOu
Ol

SOu
Ol Ol

Ol

_c
Tv

Ol

_c

OlSOu SOu
Ol

_c _c
_c

_c

Ol
Ol

Ol
_c

_c

_p_s

SOu

_p_s

_c
Ol _c

_p_s
_p_s_p_s _p_s_p_s_c _p_s

p_

QTa
Tv

_c

Tv

_c

_p_s_c

_p_s

QTa
Tv

_c

_p_s

Tv

_p_s

NW

10,000 Feet

Mean Sea Level

-10,000 Feet

C C'
SE 10,000 Feet

Mean Sea Level

-10,000 Feet

SECTION C - C'

line of M-M'
cross section

caldera rim

Delamar Mountains

Kane Springs Wash Caldera Complex
Meadow Valley

Mountains
Narrow Canyon Caldera Boulder Canyon Caldera

Kane
Spring
valley

Fault Zone
Kane Springs Wash

Caldera
caldera rim

(buried) Meadow Valley
Wash

Tule
Spring
Thrust Tule Desert

T           A

Tv
Tv

Tv

Tv_c

QTa

TvTv
Tv

QTa

Tv
QTa

Ti

TvTv
QTa

_c

_p_s

Tv ^s
^s

Tv_c
Tv

TiTi

TvTv
^s

Ds Ol
_c Pp

Ti

^s
P* _cOl

MD
Ds

Pp
Ds

Ti
Ol

_p_s

_c Pp

Ti P*Pp

Ol P*
Pp

_c
P* P*P* MDDs

MDMD
p_ Ds

MD
Ds Ol

MD
Ds _cDsDsOl Ol_c
Ol

Explanation of Geologic Units

Quaternary and Tertiary basin-fill deposits

Quaternary and Tertiary thin basalt flows and cinder cones
QTa

QTb

Tertiary volcanic ash-flows, flows and ash-fall tuffs

Ta3

Tv

Tertiary intracaldera megabreccia

Tertiary fluvial and lacustrine sediments

Tertiary intrusive rocks

Tertiary-Cretaceous intrusive rocks

Cretaceous intrusive rocks

Upper and Lower Cretaceous sedimentary rocks, undivided

Jurassic intrusive rocks

Jurassic sedimentary rocks, undivided

Triassic sedimentary rocks, undivided

Upper and Lower Permian Park City Group, undivided

Permian Arcturus Formation and Rib Hill Sandstone

Permian Arcturus Formation

Lower Permian Rib Hill Sandstone

Permian and Pennsylvanian Riepe Spring Limestone and Ely Limestone, undivided

Pennsylvanian Ely Limestone

Ts1

Tmb 

Ti 

TKi 

Ki 

Ks

Ji 

Js 

^s 

Pp

Par 

Pa 

Pr 

P*

*

Tertiary andesitic and locally dacitic lava flows, flow breccia, and mudflow breccia

Projection: UTM Zone 11 NAD83

SCALE  1:250,000

®

0 7,000 14,000 21,000 28,000 35,000
Meters

0 5 10 15 20 25
Miles

0 25,000 50,000 75,000 100,000
Feet

Geologic Structure

$

Detachment Fault

Normal Fault

Strike-slip Fault

Thrust Fault

â â â â

Solid where known; Dashed where inferred; dotted where concealed. 
Arrows show direction of movement.

Solid where known; Dashed where inferred; dotted where concealed.  
Arrows show direction of movement.  T= Towards, A = Away.

Solid where known; Dashed where inferred; dotted where concealed.   
Arrows show direction of movement.

Solid where known; Dashed where inferred; dotted where concealed.
Arrows show direction of movement.

â â â â

â â â â

â â â â

T
A

Oil Well Data Used in Cross Sections
TD = Total Depth (Feet)

Well Name
TD=1,234'

$

$

Quaternary Fault
Solid where known; Dashed where inferred; dotted where concealed.   
Arrows show direction of movement.

â â â â$

Upper Mississippian to Upper Devonian Diamond Peak Formation, Chainman Shale, 
Joana Limestone, and Pilot Shale, undivided 
Upper Mississippian Diamond Peak Formation

Upper Mississippian Chainman Shale 

Lower Mississippian to Upper Devonian Joana Limestone and Pilot Shale, undivided

MDd

Md 

Mc

MD

$

Devonian and Silurian sedimentary rocks, undivided
Devonian carbonate sedimentary rocks, undivided

Upper and Middle Devonian Devils Gate Formation

Upper and Middle Devonian Guilmette Formation 
Middle and Lower Devonian Nevada Formation

Middle and Lower Devonian Simonson and Sevy Dolomites

Silurian and Upper Ordovician dolomite, undivided

Middle and Lower Ordovician, mostly Eureka Quartzite and the Pogonip Goup

Lower Ordovician? And Upper Cambrian limestone and shale, undivided

Upper and Middle Cambrian limestone and shale

Middle Cambrian to Late Proterozoic sedimentary rocks

Late to Early Proterozoic metamorphosed and crystalline Precambrian basement rocks

DS

Du  

Dd 

Dg

Dn

Ds 

SOu 

Ol 

_u  

_m

_p_s  

p_ 

Cambrian carbonate sedimentary rocks, undivided_c

Shown on Cross Section

Paleozoic Rocks, Undifferentiated|u

ballashd
Typewritten Text
SNWA Exhibit 58



®

MAP ID 18434-3211   05/17/2011  BP

SCALE  1:250,000

PLATE 5.   CROSS SECTIONS SHOWING GEOLOGY OF SOUTHERN LINCOLN AND NORTHERN CLARK COUNTIES, NEVADA

Projection: UTM Zone 11 NAD83

TvTvTv
Ol

Tv
Tv

Tv MD

Du

Tv

_c _c_c
P*

_c
Ol

QTa

OlMD QTa

QTaQTa

DS

Tv
_c Du

Tv Tv

_c
^s

Ol

Ol

Tv

_p_s

Ol

_p_s

_c Ol

_p_s

PpOl
Pp

P*
_c P*

_c

_c
_p_s Du

MD

_c
MD

Du
Du

Ol_p_s _p_s
_p_s

_p_s OlOl

Tv

_c

_p_s

Tv

_c

Tv

D e l a m a r  M o u n t a i n s Meadow Valley MountainsNW
10,000 Feet

Mean Sea Level

-10,000 Feet

B B'
SE

10,000 Feet

Mean Sea Level

-10,000 Feet

SECTION B - B'

Pahranagat  Shear Zone
Maynard Lake Fault Zone

line of L-L'
cross section

Delamar
Thrust Fault

Kane Springs Valley
Thrust Fault

T A T A T A T A T A

Numerous faults not shown

Pahranagat Range

S h e e p   R a n g e

N10,000 Feet

Mean Sea Level

-10,000 Feet

A A'

S

10,000 Feet

Mean Sea Level

-10,000 Feet

PossibleTrace of
Gass Peak Thrust

SECTION A - A'

Pahranagat Shear Zone Maynard Lake
Fault Zone

T A T A

line of L-L'
cross section

Lincoln Clark

line of E-E'
cross section

Ol OlOl

_c_c

Ol

_c

Ol

_c
_c_c _c

_c

Ol

_c

Ol

_c

Ds

_c

TvQTa
Ol

QTa
Tv Tv Ol
Ol _c

_c

Ol

_c
_c

_p_s _p_s_p_s_p_s_p_s _p_s
_p_s

_p_s_p_s _p_s_p_s_p_s _p_s_p_s

_p_s

_c

_c

_p_s

Ol

Ol

_c
_c

Ol

_c

Ol

_c Ol
Ol

Ol

QTa QTa

_c

QTa

DS

QTa

_c

QTa

_c

DS

TvTv
Ol DS

P*

_c

MD

MD

Ol

Ol
_p_s _p_s

_p_s
_c

DS
_p_s

_p_s
_c p_Ol _p_s_c p_ Ol_p_s

QTa

Coyote Spring Valley

Sheep  Range

E

SECTION L - L'

Gass
Peak
Thrust

line of A-A'
cross section

Meadow Valley
Mountains

Delamar
Trust Fault

Kane Springs Wash
Fault Zone

line of B-B'
cross section

10,000 Feet

Mean Sea Level

-10,000 Feet

L'
E

L
10,000 Feet

Mean Sea Level

-10,000 Feet

W

T A

_c

_c

QTa

_c
QTa QTa

P*
MD

QTa QTa

P*
Pp

Ol

QTaQTa
QTa QTa _c

P*

DS
DS

QTa
^sP*

MD
MD

Tv

MD

DS
Tv

_p_s
_c

P*
Tv Tv

TvMD

DS_p_s
P* DS

DS

Ol

MD _c

OlDS

MD

Ol

P*

DS

MDMD

DS _c
Ol

MD

D_
D_

DS

Ol _c

Ol
p_

Ol
Ol

_p_s
Ol

_c _c_c _p_s _p_s_c_p_s p__c _p_s

P*

MD

DS

Ol

D_

MD

P*

Sheep  Range

E

SECTION E - E'

line of A-A'
cross section

Coyote Springs Valley
Gass Peak Thrust and Fold Belt

Meadow Valley Mountains
Numerous faults not shown in geologic map

Glendale Thrust and Fold Belt
Meadow Valley Wash

Mormon Mesa

T A T A

Elbow Range

E'E
10,000 Feet

Mean Sea Level

-10,000 Feet

W 10,000 Feet

Mean Sea Level

-10,000 Feet

Ol
Ol

QTa

_c

_c

QTa

MD
P*

_p_s

QTa QTa

P*

DS

_c
DS

QTa _cP*QTa

MD

MD

MD
Pp

DS
QTaQTa

P*
DS

DS

_c
P*

MD P*

Ol
Ol

MD

MD TvTv

DS
Ol

P* MD

MD

P* DSDS

D_

Ol

DSMD
MD

Ol D_
_p_s

_c

_c
Ol

_c

Ol
_c

_c

_c_c P*

_c
MD

_p_s
D_

_p_s

D_ _c
_c p__p_s_c p__p_s _c

_p_s

DS P*

DS

Ol

Ts4

Ol

Ol

_c

DS

_c

W

SECTION F - F'

Meadow Valley
Mountains

Glendale Thrust & Fold Belt

Numerous
small faults Numerous normal faultsArrow Canyon

Range
Elbow
Range

Sheep Range
Gass Peak Thrust and Fold Belt Coyote Spring Valley

TA AT

F F'
10,000 Feet

Mean Sea Level

-10,000 Feet

E10,000 Feet

Mean Sea Level

-10,000 Feet

Ol
_c

QTa

_c

Ts4

P*
_p_s

Ol

Ts4

P*
DS DS

P*
OlP*

MD MD
Ol

MD

Ts4

_c

DS

QTa

_c

DS

QTa

P*DS

P*
MD

MD

QTa

_c

P*

QTaQTa

JsQTa
_p_s

QTa
DS DS

Ol

Js
Js

DS

_c

^s
_p_sOl ^sMD

Pp

Ol

Ol

_p_s
Ol

P*

_p_s
P*

DS M
D

MD

Ol
^s

DS
_c

_c Pp

Ol
p_ DS

_c

p_

_c
p_ _c

Ol_p_s
p_ _c

_p_s _c
Pp

P*
_p_s _c Js

p_ MDp_ DS_p_s P*_c _c

Ts4QTa

^s

P*
MD

QTa

_c
_p_s

p_

QTa

MD
DS

_c

Ol

W

SECTION G - G'

line of J-J'
cross section

Glendale/Muddy Mountains
Fold Belt

Many faults not shown on sectionArrow Canyon RangeLas Vegas Range
Sheep
Range Gass Peak Thrust Muddy MountainsMoapa

Muddy River

T A

Numerous
quaternary faults 

Coyote Spring Valley

G G'
10,000 Feet

Mean Sea Level

-10,000 Feet

10,000 Feet

Mean Sea Level

-10,000 Feet

E

Ol DS

Ol
_c Ol MD

DS

QTa
MD

_c

QTa

Ol

QTa

_c

QTa

P*

QTa

_c
DS

DS

_p_s

MD
P*P*

_c

DS
Tmb TmbQTa

DS

DSOl

_p_s

DS QTa

DS

_c

MD
DS

Ol MDOl

QTa

DSOl

DS
DS MD Ol

QTa

MD
Ol

QTa QTa
P*

Pp

Ol
_c

Pp

P*

P* ^s
DS QTa

Ol

DS
MD

QTa

_c
^s

QTa
KsJs

_p_s QTa

DS

Ol
PpOl

_c

_c

_p_s

Pp

_c _c_c P*
DS

_p_s
^s

P* Js

MD

MD
_p_s

Ol

_p_s

Ol
MD

DSDS_p_s

DS
P*

_c _c

^s_p_s
Ol

_c
_c Pp

MD
_p_s

Ol

p__p_s p_

Js

_p_sOl
DS_c MD

_c
_p_s p_

p_ Pp
DS

p_ _c Js
_p_s P*_p_s_p_sp_ p_p_ Jsp_ Js

MD
^s P*p_ Js DS

DS

SECTION H - H'

Gass Peak Thrust Fault
Dry Lake

Thrust Fault

Sheep Range
Desert Range Numerous small faults Mormon Mesa

Las Vegas Range

Mobil - 1A
Muddy
River

LogandaleGlendale/Muddy Mountains
Thrust Fault

T A

line of J-J'
cross section

Summit/Willow Tank
Thrust Fault

North Muddy Mountains

M o a p a  V a l l e y
Arrow Canyon Range

TD = 19,562'

H H'
10,000 Feet

Mean Sea Level

-10,000 Feet

10,000 Feet

Mean Sea Level

-10,000 Feet

EW

_p_s
P*

_c
QTa

MD

DS

QTa

P*

Ol

P*
PpQTa

_c

P*
Pp

^s
QTa ^s

^s

QTa

MD

QTa

JsJs

_p_s

MD

Pp
MD

QTa

KsDS

P*

p_

DS

Pp

_c
QTa

DS

Js QTa
P*

DS
DS

DS

KsDS
Ol

MD MD DS
Ol

p_
_cDS

P*
Js

P*
Ol

Ol

Ol

P*

MD

Ol
Ol _c _c

DS
^s

KsOl
_c

^s

_c

Js
_c MD

_c
_c

_p_s
^s

_c

_c

_c
P* DS

_p_s
MD

Pp
_p_s

_c
_p_sDS

_c
_p_s

p_ Ppp_ _p_s p_
_p_s P* Js

_p_s
p_p_ Pp ^sp_p_ MDp_ DSp_ p_ p_ _c Ksp_

P*

MD
DS

QTa

P*
MD

DS

Ol
_c

QTa

DS
Ol

_c
_p_

s

p_

QTaDS

W10,000 Feet

Mean Sea Level

-10,000 Feet

I I'
E 10,000 Feet

Mean Sea Level

-10,000 Feet

SECTION I - I'

Summit/Willow Tank
Thrust Fault Piedmont

Fault Zone

M o a p a  V a l l e y
Arrow Canyon Range

line of K-K'
cross section North Muddy Mountains

T A

Lake Mead
Moapa
Valley
Fault

Valley of Fire

line of J-J'
cross section

Glendale/Muddy Mountains
Thrust Fault

Gass Peak Thrust & Fold Belt
Las Vegas Range

Hid den Val ley

Pp PpP*

MD

^s
QTa

^s
Pp

QTa

^s

P*

QTa
JsQTa

DS

Js

QTa
Ks

P*

QTa QTa

^s

QTa

Js
DS

^s
P* QTa

Js

Pp

p_

MD

Tv
JsOl ^s

DS
Js

Ol

Ol

MD
Pp

_c
DS

_c

_c

MD _c ^s Pp^s
^s

P*

DS
_p_s Js

P*_p_s Pp
P*

p_p_ Ol p_PpJs P* DS
Js_c Pp

^s

MD

DS

Ol

_c

Js

MD

Ts4
P*
MD

DS

Ol

_c

NW10,000 Feet

Mean Sea Level

-10,000 Feet

J J'
SE 10,000 Feet

Mean Sea Level

-10,000 Feet

SECTION J - J'

Summit/Willow Tank
Thrust Fault

North Muddy Mountains

line of H-H'
cross section

T A

Lake Mead

line of I-I'
cross section

Glendale/Muddy Mountains Thrust

Numerous normal faults
line of G-G'

cross section

Valley of Fire Lake Mead Shear Zone

T A

M o a p a  V a l l e y

T ATATA

Numerous
quaternary

faults

T A

_cMD

DS QTaJs_c Tv
^s

JsQTa
QTa

Tv

QTa

QTa
_c

Tv

QTaQTa

^s
_c

QTa

Ti

Pp Pp
Ol

P* Js
DS

_c

Js_c _c

Ol

DSMD MDP*

P*

Js
P*

Js

_c DS
^s

p_ p_

^s

Ol

^sOl

_p_s
_c

Pp

Ti

_c

_c
_p_s P*

Pp

_p_s
Ppp_ _p_sp_

_p_s
DS

P*p_ P* p__c_p_s

DS Ol

_c

NW10,000 Feet

Mean Sea Level

-10,000 Feet

K K'
SE 10,000 Feet

Mean Sea Level

-10,000 Feet

SECTION K - K'

Muddy Mountains Black Mountains

T A

Glendale/Muddy Mountains Thrust
Dry Lake Thrust Fault

line of I-I'
cross section

Bitter Spring Valley Lake Mead Shear ZoneMoapa Valley

T AT ATA T AT A

NO VERTICAL EXAGGERATION

0 5,000 10,000 15,000 20,000 25,000
Meters

0 5 10 15 20
Miles

0 25,000 50,000 75,000
Feet

Explanation of Geologic Units
Shown on Cross Section

QTa

Ts4

Tmb 

Ti 

Ks

Js 

^s 

Pp

P*

MD

D_

DS

Du  

Ds 

Ol 

_p_s  

p_ 

Quaternary and Tertiary basin-fill deposits

Tertiary fluvial and lacustrine sediments
Tertiary megabreccia

Tertiary intrusive rocks
Upper and Lower Cretaceous sedimentary rocks, undivided

Jurassic sedimentary rocks, undivided

Triassic sedimentary rocks, undivided

Upper and Lower Permian Park City Group, undivided
Permian and Pennsylvanian Riepe Spring Limestone and Ely Limestone, undivided

Lower Mississippian to Upper Devonian Joana Limestone and Pilot Shale, undivided
Devonian to Upper Cambrian sedimentary rocks, undivided

Devonian and Silurian sedimentary rocks, undivided
Devonian carbonate sedimentary rocks, undivided
Middle and Lower Devonian Simonson and Sevy Dolomites
Middle and Lower Ordovician, mostly Eureka Quartzite and the Pogonip Goup

Middle Cambrian to Late Proterozoic sedimentary rocks

Late to Early Proterozoic metamorphosed and crystalline Precambrian basement rocks

Tertiary volcanic ash-flows, flows and ash-fall tuffsTv

Cambrian carbonate sedimentary rocks, undivided_c

Geologic Structure

$

Detachment Fault

Normal Fault

Strike-slip Fault

Thrust Fault

â â â

Solid where known; Dashed where inferred; dotted where concealed. 
Arrows show direction of movement.

Solid where known; Dashed where inferred; dotted where concealed.  
Arrows show direction of movement.  T= Towards, A = Away.

Solid where known; Dashed where inferred; dotted where concealed.   
Arrows show direction of movement.

Solid where known; Dashed where inferred; dotted where concealed.   

â â â

â â â

â â â

T
A

Oil Well Data Used in Cross Sections
TD = Total Depth (Feet)

Well Name
TD=1,234'

$

$

Quaternary Fault
Solid where known; Dashed where inferred; dotted where concealed.   
Arrows show direction of movement.

â â â$

ballashd
Typewritten Text
SNWA Exhibit 58



ballashd
Typewritten Text
SNWA Exhibit 58



ballashd
Typewritten Text
SNWA Exhibit 58



ballashd
Typewritten Text
SNWA Exhibit 58



MAP ID 18435-3211  05/17/2011  BPPLATE 8.  CROSS SECTIONS SHOWING HYDROGEOLOGY OF WHITE PINE AND NORTHERN LINCOLN COUNTIES, NEVADA, AND ADJACENT AREAS, NEVADA AND UTAH

Maverick Springs Range
Long Valley Butte Valley

Medicine Range Cherry Creek Range
Steptoe Valley

Antelope Range
Federal No. 1-5 

SECTION Y - Y'
 TD = 10,530' TD = 10,530'

Y Y'
W E

Mean Sea Level

10,000 ft AMSL

-10,000 ft AMSL

10,000 ft AMSL

-10,000 ft AMSL

Mean Sea Level

_c_c _c_c_c MOc TJi
MOcMOcMOc _p_s

MOc

MOc
P*c MOc_c_cMOc

Ms

_cMOc
MOc

MOc

Ms
MOc Ms

Ms

MOc

MsP*c Ms

MOc

TJi
P*c

Ms

_cMOc
Ms

MsMs P*c

MOc

Ms
P*c

Tv

P*c
Ms

TJi

P*c

Ms

P*c

Tv

P*c
P*c

MsMsMs
Ms Tv MOcMOc

P*c P*c P*c

MOc

Tv
P*c

P*c

P*c
P*c

QTs
QTs

QTs TvP*c Tv
P*c

Tv

P*
c

MOc

TvMs
P*c

K^s

Tv

Tv

p_m

Ms

MOc

TJi

Kern Mountains Deep Creek Range Middle Range Fish Springs Range
Snake Valley Tule ValleyPleasant ValleyAntelope Valley

Buck Mountain
Long Valley

Long Jevity
Federal No.1

Long Valley
Federal No. 34-1

Butte Mountains
Butte Valley

Cherry Creek Range
Butte Valley

Egan Range
Steptoe Valley

Schell Creek Range
Spring Valley

Antelope Range Red Hills White Pine Juab
NEVADA UTAH

SECTION X - X'
TD = 10,346'TD = 10,346'

TD = 6,563'TD = 6,563'
Mean Sea Level

10,000 ft AMSL

-10,000 ft AMSL

10,000 ft AMSL

-10,000 ft AMSL

Mean Sea LevelX X'
EW

p_m_p_s p_m_c _cp_m

_c

_c _p_s_c
p_m

Ms

_c

_c
p_
m

MOc
_c _c p_m

MOc _p_s _c_p_s
_c

TJi_p_s

MOc_c MOc
p_m

_cMOc

_p_s

Ms

_p_s

MOc
p_mTJi

_c

P*c

MOc

MOc

Ms

MOc

MOc Ms _c

MOc

TJi
_c _c

Ms

p_m
_c

_c

Ms _p_s
MOc MOc

_p_s

_p_s

MOc

_c
MOc

P*c

TJi

P*c

MOc
P*c P*cTv

Ms
TJi

P*c

Ms
MOc

MOc

P*c
MOc

Tv

P*cMO
c

_cTv

MOc_p_s

_c

MOc
_p_s

_c

MOc

TJi

Tv

TJi

MOcTv
QTsMOcTvP*c

Ms
P*c

Tv
_c

MOc

P*c

_c
Tv

Tv
_c

Ms
QTs

QTsQTs
_c

QTs

Tv
Tv _c_cQTs QTs QTs

TJi

_cMOc

MsMs
QTs

MOcP*c Tv

p_m

_p
_s

p_m

Tv

TJi

MOc
_c

_c

MOc

TJi

M
O
c

Tv

QTb

Tv

MOc MOc

Tv

TJi

Ms

p_m

QTb
QTb

p_mp_m

_p_s

Snake Range Snake Valley Confusion Range
Spring Valley

White Pine Range
Illipah Federal No. 1 

Jakes Valley
Egan Range

Steptoe ValleyFederal No. 54X-36
Duck Creek Range

Duck Creek Valley
Schell Creek Range White Pine Millard

NEVADA UTAH

Cobra State 12-36

SECTION W - W'

TD = 7,620'TD = 7,620'
TD = 7,810'TD = 7,810'

TD = 3,765'TD = 3,765'

Mapped quaternary faults

W W'
10,000 ft AMSL

-10,000 ft AMSL

Mean Sea Level

EW

Mean Sea Level

10,000 ft AMSL

-10,000 ft AMSL TJi
_c _cMOc_c _p_s_p_s_c_c_c _cp_m p_m p_mMOcMOc

_p_sMOc
Ms

_c
MOcMOc

TJi MOc
_p_s

MOc p_m
p_m _p_s

Ms

_c
TJi

Tv

MOc
_p_s

_c

P*c

MOc _c

MOc

MOc

MOc

MOc

TJi

P*c
_p_s

_p_s

_c

Ms
Ms

MOc

_c

MOc

Tv P*c

p_m

_p_s
Tv _c

Ms

p_m

Tv

MOc

MOc

TJi

_c MOc Tv P*c

P*c
QTs

Tv _
c

MOc

P*c

P*c
P*cP*c

P*c
_p_s

Ms

TJi

P*c

p_m

QTs
P*c

QTsMOc

MOcMs

QTs
Ms

Tv

p_m

TvP*c
P*c QTsMOc

Tv

p_m
_p_s

p_m

_c
_c
_p_s

P*c

MOc

QTsQTsQTs QTs QTs _c _c

Ms

P*c

Ms

Snake Range
Snake Valley

Confusion Range
NEVADA UTAH

Spring Valley Baker Creek
No. 12-1

TD = 12,131'TD = 12,131'

White Pine MillardWhite River Caldera Complex
Schell Creek Range

Steptoe Valley
Egan Range

White River ValleyWhite Pine Range
Nye

County
White Pine
County

Baker

TD = 9,125'TD = 9,125'

TD = 4,912'TD = 4,912'

Be
nd

in 
Se

cti
on

SECTION V - V'

Titan Federal 
No. 1-9Shields Federal

No.  13-22
Conoco Federal

No. 19-1

TD = 7,760'TD = 7,760'
TD = 4,787'TD = 4,787'

Horse Heaven ST 16-21AFerguson Desert

Numerous mapped quaternary faults

10,000 Feet

Mean Sea Level

-10,000 Feet

V V'
10,000 Feet

Mean Sea Level

-10,000 Feet

EW
_p_s

p_m

MOc

_c
P*c

Tv

TJi

P*c P*c

Tv

QTs

MOc

MOc
QTs QTs

P*c

MOc

QTs

Tv
_p_s

QTs
MOc

_c

Tv

MOc

_c

P*c
_c

MOc

MOc
MOc

P*c
P*c

P*c
P*c

MOcP*c
MOc

MOc

MOc

_p_s

MOc

_c

MOc
MOc

MOc

MOc
_c

_c

MOc
MOc

MOc

P*c

_c_c _c
MOc

MOc

MOc

TJi

MOc
_c_c

_c

MOc

TJi

TJi
p_m _c_p_sTJi _p_sTJi _c

_p_s
MOc _c

p_m
_c

_c _p_s_p_s
_cTJi _c TJi _p_s _p_s_c _p_s

Ms
Ms

Ms
Tv

Ms

Ms

QTs

Tv

Tv
Tv

QTs

Ms

QTs QTs

_c
p_m

QTs

Egan Range Schell Creek Range Fortification
Range Limestone Hills Snake Range Mountain Home Range

Southern Tunnel
Spring Mountains

White River Valley

Cave Valley Lake Valley Spring Valley Hamlin Valley Antelope Valley

Nye
County

Lincoln
County NEVADA UTAHCounty Line

Unit No. 1

MillardLincoln
Horse Range

Be
nd

in 
Se

cti
on

SECTION U - U'

White River
No. 2

Russell - Federal
No. 1

A  T

TD = 4,850'TD = 4,850'
TD = 7,588'TD = 7,588'

TD = 6,150'TD = 6,150'

Mapped quaternary faults Mapped quaternary faults
10,000 Feet

-10,000 Feet

Mean Sea Level

10,000 Feet

-10,000 Feet

Mean Sea LevelU U'
W E

_p_s

_p_s

_p_s

MOc

P*c

MOc

QTs
p_m

Tv

_c_u

MOc

QTs P*c P*c_c Tv
P*c

MOc MOc
Ms

P*c

MOc
MOc

P*c QTsQTs
Tv

Tv

_c
P*c MOcQTs

Ms

_c p_m

MOc
_c

MOc

MOc

Tv MOc

MOc

_p_s

TvTv

MOc
P*c

MOc

MOc

p_m

P*c Tv
P*c

MOc

MOc
_c

P*c

_c

MOc
MOc

_cP*cTv

_c_p_s
_p_s Ms

MOc

MOc
_c_c

MOc _c
MOcMOc

P*c

_c

MOc
MOc

_c

_p_s
_p_s _c_p_s _c

MOc

_c
p_m

_p_s
_c

_c _c_c _p_s_c
_p_s

MOc

_p_s_c_p_s
_cp_m _c _p_sTJi_c _c _p_sp_mp_m _c _c _p_s_c_c

QTs
P*c Ms

Tv

Tv

Ms

Tv

p_m

MOc

Tos

P*c

Ms

Tos
Tv

Tv
QTs

Ms

Ms

Ms Ms

Ms

Ms

QTs QTs
QTs
Tv

Tv
Tv

Tos
M
O
c
M
s

QTs

Indian Peak
Caldera Complex

Nye
County

W10,000 Feet

Mean Sea Level

-10,000 Feet

R R'
E 10,000 Feet

Mean Sea Level

-10,000 Feet

SECTION R - R'

Fotification
RangeLincoln

County

Egan Range Cave Valley Schell Creek
Range Lake Valley

Foreland Federal
No. 1-28

T  A

TD = 3,909'TD = 3,909'

Mapped quaternary faults

Tv

Tv

Tv

MOc

MsQTs Ms

P*c
Tv

P*c

Tv

_c

TvQTs
MOc

QTs

P*c
QTs QTs

MOc

Ms Ms

Tv
TvP*c

MOc

P*c Tv
P*cMs

MOc

_c

Ms

MOc

MsP*c

MOc

MsTv
Ms

_p_s

_c

MOc_c
_c_p_s _c

MOc

_c_c Tv

_c p_m P*c _p_s_p_s
p_m TJi

Tos

Indian     Peak     Caldera     Complex
Nye

County

SECTION Q - Q'

Egan
Range

Lincoln
County

Grant Range
Garden Valley Schell Creek

Range
White River Valley Cave

Valley Muleshoe
Valley

Ring
Fracture

Zone
Fairview Peak
Segment of the

Indian Peak Caldera Complex Nevada Utah

Lake
Valley

Wilson Creek
Range White Rock

Mountains Hamlin Valley Indian Peak Range
Gose "EU"

Federal No. 1

A  T A  T A  T T  AT  A

TD = 5,690'TD = 5,690'

Mapped quaternary faults

Q Q'
10,000 Feet

Mean Sea Level

-10,000 Feet

10,000 Feet

Mean Sea Level

-10,000 Feet

W E

Tv

Tv
Tv Tv

Tv

Tv

_c

Tv

Tv

TvTv
Tv

Tv Tv

Tv

_c

Tv

_c

_p_s

Tv

TJi
TJi

_c

Tv

TJi

Tv

QTs

_c
_c

QTs

TJi MOc

TJi
TJi

MOc
Tv

TJi
_cTJi

MOc

TJi

QTs

TJi

MOc

TvMOc

TJi

_c

MOc

_c

Tv

MOc

Tv

MOc MOc

_c
TJi

Ms

MOc

MOc

MOc

MOc

Ms

MOc

MOc

MOc_c

Tv

MOc

TJi

Tv

_
p
_
s

_c

MOc
Tv

MOc
P*c

Tv
QTs

Tv

Ms

QTs

Ms

P*c
Ms

_c

Ms

Tv
TvTv

Ms

MOc

P*c

_c

P*c P*c
Ms

_c
MOc

P*c

Ms
Ms

P*c

P*c

Ms

QTs

Ms

QTs P*c

_p_s

P*c
QTs

QTb

Garden Valley E

SECTION T - T'

Quinn Canyon Range
Caldera

Be
nd

in 
Se

cti
on

Coal Valley Seaman
Range

Pahroc Valley

North
Pahroc
Range Dry Lake Valley

West
Range

Central Nevada Caldera Complex

T  A

Garden Valley
No. 1

Adobe Federal
No. 19-1

TD = 6,401'TD = 6,401'
TD = 7,706'TD = 7,706'

T T'
10,000 Feet

Mean Sea Level

-10,000 Feet

10,000 Feet

Mean Sea Level

-10,000 Feet

W

Tv

_c_c _c

Tv

Tv

TJi

Tv

TJi

TvTv

Tv
MOc

_c
_c

TJi

MOc

QTs

_c _c

_c

_c
MOc

_c

MOc

QTsQTs

_p_s

MOc

TvQTs

_c

_p_s

Tv

P*c
TJi

_cP*c

P*c

_p_s

_cTJi

MOc
MOc

_c

Tv
Tv

_c

MOcMOc _p_s

_c

TJi

P*c

MOc

MOc
_p_s_p_s

Tv

Tv

_p_s p_m

MOc
Tv _p_s

_c

Tv

QTs
Tv

MOc

MOc
MOc

_p_s

QTs

MOc

QTs

MOc

QTs QTs QTs

Black Canyon RangeW

SECTION P - P'

Dry Lake ValleyCoal Valley Seaman Range Pahroc Valley
North

Pahroc Range Highland Range Panaca Valley
Line of S-S'

cross section

A T

Panaca10,000 Feet

Mean Sea Level

-10,000 Feet

P P'
10,000 Feet

Mean Sea Level

-10,000 Feet

E

Tv Tv
Tv

TvTv TvTvTv
Tv

Tv
Tv QTs

_c

QTs

_c

QTs

QTs

QTs

TvTvTv
QTs QTsQTs QTsQTs

QTs

Tv
_cTv

Tv QTs

QTbTv
QTs

QTb
Tv Tv

MOc

QTs QTs
Tv

MOc
_c

Tv
_c

_p_s

MOcMOc

_cTv
_c

Tv _p_s
_c_cMOc _c

Tv MOc

MOc

Tv

_cMOcMOc
MOc _c

_p_s

_c

Tv

_p_s

MOc

_p_s

MOc

_p_s

_p_s

MOc

_p_s
_p_s

_c
_c

_c
_p_s

MOc

_c_c
_p_s

Tv
MOc

_c
_c_c _c_c

_c

MOc

_p_s_c

_c
p_m

_p_s_c

_p_s_c _p_s _p_s_p_s_c _c p_mp_m_p_s p_mp_m_p_s

MOc

North
Pahroc Range

Mount Irish RangeW10,000 Feet

Mean Sea Level

-10,000 Feet

S S'
E 10,000 Feet

Mean Sea Level

-10,000 Feet

SECTION S - S'

Hiko
Range

Line of P-P'
cross section

Pahranagat
Valley Dry Lake Valley

Burnt Springs
Range

Highland
Range
Highland DetachmentGass Peak Thrust Sixmile Flat

Panaca Valley
Panaca

A T A T AT
A T

Numerous Mapped Faults

Be
nd

in 
Se

cti
on

_c
_c

QTs

_c

_c
_c

QTs

_c _p_s

_p_s

p_m

_p_s
_c _c

_c

_c

_c

_c

MOc

_p_s
_c

_c

_p_s

MOc
Tv QTs

MOc

_p_s

_c

_c
p_m

_p_s
MOc

_p_s

MOc
Tv

p_m

Tv_p_s

Tv

_p_s

_p_sp_m

p_m

Tv
_p_s

MOc
MOc

_p_s

Tv Tv

_p_s

_c

MOc

_p_s

Tv

_c

_cMOc Tv
_c

p_m

MOc

_p_s

MOcMOc

_p_s

Tv

_p_s

Tv
MOc

Tv
QTs

Tv
Tv Tv _cTv

p_m

Tv

_p_s

Tv

p_m

_cTvQTsQTsQTs Tos

Delamar Valley
W10,000 Feet

Mean Sea Level

-10,000 Feet

O O'
E 10,000 Feet

Mean Sea Level

-10,000 Feet

SECTION O - O'

South Pahroc
RangeMount Irish Range Pahrangat Valley Hiko

Range Sixmile Flat

Western Margin of
Caliente Caldera Complex

Gass Peak Thrust
Crystal
Springs

_c

Tv
Tv

Tv QTs
MOcQTs QTs

Tv

QTsMOc

Tv
MOc Tv

QTs QTs

MOc QTs Tv Tv
TvMOc

Tv

MOcMOc

MOc

_c

Tv
MOc

MOc
_c

MOcMOc

_c
MOc

_c
_c

_c

MOc

_c
_p_s

_c
_p_s

_c _c
_c _p_s_p_s

_p_s TJi TJiTJi_c
_p_s _p_s_p_s

TvTv

_c

_c

Tv

MOc

_p_s
_p_s

Tv

MOc

SECTION N - N'

Pahranagat Range East Pahranagat
Range

Gass peak Thrust Belt Pahranagat Valley

South
Pahroc
Range

Delamar Valley

line of D-D'
cross section

Delamar Mountains

Rainbow
Canyon

Ash
Canyon

Caliente  Caldera  Complex

Clover
Creek

Beaver Dam Flat
NEVADA UTAH

Numerous Mapped Faults

A   T A   T A   T A   T A   T A   T A   T A   TA   T A   T A   T A   T A    T A   T

N'
10,000 Feet

Mean Sea Level

-10,000 Feet

E

N
10,000 Feet

Mean Sea Level

-10,000 Feet

W

Tv

Tv

Tv Tv

Tv

Tv

Tv

Tv
Tv Tv

Tv

Tv

QTb

Tv
_c

Tv

QTs

_p_s

Tv
Tv

Tv Tv

QTs

QTs
Tv TvTv

Tv
Tv

Tv Tv
Tv

MOc
Tv

Tv
Tv _cTv

QTsQTs Tv

Tv

QTs
Tv

_c
MOc

QTs

_c

QTs

_c

QTsTv

_c
Tv

Tv Tv

TJi

MOc

MOc

TJi TJiTJi
_c

TJi

MOcMOc

TJi

MOc

TJi TJiTJiTJiTJi_c

MOc MOc MOc

_c

TJi

TJi

MOc

TJi

MOc

MOc

_p_s

_c

_p_s

TJi

TJi TJiTJi
_c _p_s

_c
_c

p_m

_c

_c _c _c _p_s _p_s _p_s
_p_s_p_s _p_s

P*c

TJi

Tv

NW

SECTION D - D'

Delamar Mountains
Rainbow
Canyon

Pennsylvania
Canyon

Clover Mountains

line of N-N'
cross section

A   T A   T A   T A   T

D D'

NW
SE 10,000 Feet

Mean Sea Level

-10,000 Feet

10,000 Feet

Mean Sea Level

-10,000 Feet

_p_s

Tv

TJi

Tv TvTv

TJi

Tv

Tv
Tv

QTsTv

Tv
Tv

_c

_p_s

QTs_p_s

Tv
Tv

Tv
_c

Tv

_c
MOc MOc

MOc

_c

_c
_c

_c

TJi

_c _c

_c

_c

_c

_c

_c_c

MOc

_p_s

p_m

K^sK^s

_p_s

K^s
_p_s

_p_s_p_s _p_s
_p_s

_p_s _p_s
TJi

MOc MOc

P*c

P*c
P*c P*c

Tv

E

SECTION M - M'

Pahranagat Range East Pahranagat
RangeGass peak Thrust Belt

Pahranagat Valley South Pahroc
Range Delamar ValleyAlamao

Hiko
Range

line of C-C'
cross section

Numerous nornal faults Numerous
quaternary

faults

M M'
10,000 Feet

Mean Sea Level

-10,000 Feet

10,000 Feet

Mean Sea Level

-10,000 Feet

E
W

Tv _c

Tv
MOc

Tv

_c

MOc

Tv

QTs

Tv Tv
TvTv

QTsQTs

Tv

QTs
Tv

QTs

Tv
MOc

TvQTs Tv
MOc

MOc

MOc
_c

Tv
MOc

_c

MOc
MOc

_c _c

_c

_c

MOc MOc

_p_s

_c

_c

_p_s

_c

MOc

_c

_p_s
_p_s_p_s _p_s_p_s_c _p_s

p_m

QTs
Tv

_c

Tv

_c

_p_s_c

_p_s

p_m

QTs
Tv

_c

_p_s

Tv

_p_s

NW

10,000 Feet

Mean Sea Level

-10,000 Feet

C C'
SE 10,000 Feet

Mean Sea Level

-10,000 Feet

SECTION C - C'

line of M-M'
cross section

caldera rim

Delamar Mountains

Kane Springs Wash Caldera Complex
Meadow Valley

Mountains
Narrow Canyon Caldera Boulder Canyon Caldera

Kane
Spring
valley

Fault Zone
Kane Springs Wash

Caldera
caldera rim

(buried) Meadow Valley
Wash

Tule
Spring
Thrust Tule Desert

T           A

Tv
Tv

Tv

Tv_c

QTs

TvTv
Tv

QTs

Tv
QTs

TJi

TvTv QTs

_c

_p_s

Tv K^s K^sTv

TJiTJi

TvTv
MOc

_c

TJi

K^sK^s_cMOc

MOc

TJi

MOc

_p_s

_c
TJi

MOc

MOc_cpCm MOc _cMOcMOc
_c

P*c

P*c
P*c

P*c P*c P*c

Projection: UTM Zone 11 NAD83

SCALE  1:250,000

®

0 7,000 14,000 21,000 28,000 35,000
Meters

0 5 10 15 20 25
Miles

0 25,000 50,000 75,000 100,000
Feet

Explanation of Hydrogeologic Units

QTb

QTs

Tv

Tos

TJi

K^s

P*c

Ms

MOc

_c

_p_s

p_m

Quaternary-Tertiary sediments
Quaternary-Tertiary basalts 
Tertiary volcanic rocks
Tertiary older sediments
Tertiary-Jurassic intrusive rocks
Cretaceous-Triassic clastic rocks
Permian-Pennsylvanian carbonate rocks
Mississippian siliciclastic rocks
Mississippian-Ordovician carbonate rocks
Cambrian carbonate rocks
Cambrian-Precambrian siliciclastic rocks
Precambrian metamorphic rocks

Shown on Cross Section

Geologic Structure

$

Detachment Fault

Normal Fault

Strike-slip Fault

Thrust Fault

â â â â

Solid where known; Dashed where inferred; dotted where concealed. 
Arrows show direction of movement.

Solid where known; Dashed where inferred; dotted where concealed.  
Arrows show direction of movement.  T= Towards, A = Away.

Solid where known; Dashed where inferred; dotted where concealed.   
Arrows show direction of movement.

Solid where known; Dashed where inferred; dotted where concealed. 
Arrows show direction of movement.

â â â â

â â â â

â â â â

T
A

Oil Well Data Used in Cross Sections
TD = Total Depth (Feet)

Well Name
TD=1,234'

$

$

Quaternary Fault
Solid where known; Dashed where inferred; dotted where concealed.   
Arrows show direction of movement.

â â â â$
$

ballashd
Typewritten Text
SNWA Exhibit 58



®

MAP ID 18436-3211   05/17/2011  BP

SCALE  1:250,000

PLATE 9.   CROSS SECTIONS SHOWING HYDROGEOLOGY OF SOUTHERN LINCOLN AND NORTHERN CLARK COUNTIES, NEVADA
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Figure 5-2
Shaded Relief Map of Spring and Snake Valleys and Vicinity, Nevada and Utah

Fish 
Springs 

R
angeDe

ep
  C

re
ek

  R
an

ge

W
ah W

ah  M
ountains

Confusion    Range

Confusion R
ange

Fortification Range

Lim
estone
H

ills

A
nt

el
op

e 
R

an
ge

Kern  Mountains

Egan      R
ang

e

Ch
er

ry
   

Cr
ee

k 
  R

an
ge

Eg
an

   
   

   
   

   
  R

a n
ge

Sn
ak

e 
   

   
   

   
   

   
   

   
   

   
 R

an
ge

Sc
he

ll 
   

   
   

   
   

   
   

   
  C

re
ek

   
   

   
   

   
  R

an
ge

M
ountain 

H
om

e 

R
ange

Burbank  Hills

Ferguson
Desert

Co
ng

er
Ra

ng
e

Ho
us

e 
   

 R
an

g
e

M
iddle

R
ange

Spring
Valley

Snake
Valley

Steptoe
Valley

Cave
Valley

Lake
Valley

Hamlin
Valley

White
River
Valley

Butte
Valley

Tippett
Valley

Pleasant
Valley

Pine
Valley

Tule
Valley

_̂

_̂

_̂ _̂

_̂

_̂

_̂

£¤6

£¤50

UV21

UV159

T o o e l e

W h i t e  P i n e

J u a b

M i l l a r d

N y e

L i n c o l n

B e a v e r

U
T

A
H

N
E

V
A

D
A

Baker

Ely

Lund

Shoshone

Garrison

Gandy

Eskdale

?@488

?@490

?@487

?@894

?@893

?@318

£¤50

£¤6

£¤93

£¤93

680,000

680,000

720,000

720,000

760,000

760,000

800,000

800,000

4,
25

0,
00

0

4,
25

0,
00

0

4,
30

0,
00

0

4,
30

0,
00

0

4,
35

0,
00

0

4,
35

0,
00

0

4,
40

0,
00

0

4,
40

0,
00

0

MAP ID 18367-3210 05/24/2011 JAB/RHG

.6 0 6 12 18 24 30

Kilometers

Legend
Hydrographic
Area* Boundary

State Boundary

County Boundary

_̂ Town

U.S. Highway

State Route

*Hydrographic Area name shown

Grid based on Universal Transverse Mercator projection, 
North American Datum 1983, Zone 11N meters.  Hillshade 
developed from 30-m DEM, Sun Angle 45°, Azimuth 315°.

Elevation (m)

4,000   3,000   2000   1,000

ballashd
Typewritten Text
SNWA Exhibit 58



Section 5.0

Southern Nevada Water Authority

5-16

 
 

Source:  Mankinen et al. (2008)

Figure 5-10
Shaded Relief Map of Cave, Dry Lake, and Delamar Valleys and Vicinity, Nevada

_̂

_̂
_̂

_̂

_̂

_̂

_̂

White Rock M
ountains

Indian Peak R
ange

Fortification 

R
ange

W
ilson 

C
reek 

Range
Lim

estone H
ills

Pioche Hills

C
hief 

R
ange

Burnt S
pring R

ange

H
ighland 

R
ange

Fairview
 R

ange

M
ou

nt
 Ir

ish
 R

an
ge

G
ol

de
n 

G
at

e 
R

an
ge

H
or

se
 R

an
ge

Clover Mountains

Groom
 Range

Se
am

an
   

 R
an

ge

South  P
ahroc  R

ange

N
or

th
   

 P
ah

ro
c 

   
 R

an
ge

H
iko       R

ange

Bristol R
ange

M
ountain   H

om
e R

an
ge

White
River
Valley

Cave
Valley

Lake
Valley

Patterson
Valley

Spring
Valley

Spring
Valley

Hamlin
Valley

Snake
Valley

Coal
Valley

Pahranagat
Valley

Delamar
Valley

Dry Lake
Valley

Panaca
Valley

Clover
Valley

Lower
Meadow
Valley
Wash

Tikaboo
Valley

Penoyer
Valley

Railroad
Valley

Dry
Valley

Beryl-Enterprise
Area

Eagle
Valley

Virgin
River
Valley

Mi l l a r d
Be a v er

I ro n
Wa s hi ng t on

W h i t e  P i n e
N y e

L i n c o l n

U
TA

H
N

E
VA

D
A

Alamo

Caliente
Hiko

Lund

Panaca

Pioche

Shoshone

£¤6

£¤93

?@379

?@375

?@318

650,000

650,000

700,000

700,000

750,000

750,000

4,
15

0,
00

0

4,
15

0,
00

0

4,
22

5,
00

0

4,
22

5,
00

0

4,
30

0,
00

0

4,
30

0,
00

0

MAP ID 18373-3210   05/23/2011   JAB

.
6 0 6 12 18 24 30

Kilometers

Legend
Hydrographic
Area* Boundary

State Boundary

County Boundary

_̂ Town

U.S. Highway

State Route

*Hydrographic Area name shown

Grid based on Universal Transverse Mercator projection, 
North American Datum 1983, Zone 11N meters.  Hillshade 
developed from 30-m DEM, Sun Angle 45°, Azimuth 315°.

Elevation (m)

4,000   3,000   2,000   1,000

ballashd
Typewritten Text
SNWA Exhibit 58



Geologic and Geophysics Framework for Spring, Cave, Dry Lake, and Delamar Valleys

Section 2.0 2-5

 
 

their size and distribution across an area, groundwater movement along them is not uniform and
therefore cannot be approximated by a formula.  Therefore, predictions of flow volumes and rates
from fracture flow correspondingly are more approximated than those from porous-media flow. 
Nonetheless, volumes and rates from fracture flow are considered to be significantly greater than
those by porous-media flow.  Most regional flow is by fracture flow.  In the Basin and Range, fracture
flow is especially important within brittle rock types, especially carbonates and ash-flow tuffs,
although groundwater movement even in unconsolidated sediments appears to be enhanced and
presumably increases in importance as sediments become progressively more consolidated (older). 
Movement of groundwater is enhanced by fracture flow even in confining zones. 

2.2.1 Geologic Controls Affecting Primary and Secondary Porosities 

2.2.1.1 Rock Lithology

Rock type partly determines whether groundwater flow will be along primary or secondary porosity. 
Rock type in turn depends upon the depositional environment, age, and degree of consolidation and 
brittleness of rock units.  

Source:  Modified from Heath (1983)

Figure 2-3
Schematic of Primary and Secondary Porosities/Permeabilities of Rock Matrices
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Figure 2-5
Map Showing Enhancement/Impedance of Groundwater Flow along or across Faults and Calderas
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Source:  Modified from Caine et al. (2010)

Figure 2-4
Conceptualization of Fault Components and Factors

Controlling Permeability and Groundwater Flow
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Fault zone architecture and permeability structure 

Jonathan Saul Caine Department of Geology and Geophysics, University of Utah, Salt Lake City, Utah 84112 
James P. Evans Department of Geology, Utah State University, Logan , Utah 84322-4505 
Craig B. Forster Earth Sciences and Resources Institute, Department of Civil and Environmental Engineering , 

University of Utah, Salt Lake City , Utah 84112 

ABSTRACT 
Fault zone architecture and related permeability structures form primary controls on 

fluid flow in upper-crustal, brittle fault zones. We develop qualitative and quantitative 
schemes for evaluating fault-related permeability structures by using results of field in
vestigations, laboratory permeability measurements, and numerical models of flow within 
and near fault zones. The qualitative scheme compares the percentage of the total fault zone 
width composed of fault core materials (e.g., anastomosing slip surfaces, clay-rich gouge, 
cataclasite, and fault breccias) to the percentage of subsidiary damage zone structures (e.g., 
kinematically related fracture sets, small faults, and veins). A more quantitative scheme is 
developed to define a set of indices that characterize fault zone architecture and spatial 
variability. The fault core and damage zone are distinct structural and hydrogeologic units 
that reflect the material properties and deformation conditions within a fault zone. 
Whether a fault zone will act as a conduit, barrier, or combined conduit-barrier system is 
controlled by the relative percentage of fault core and damage zone structures and the 
inherent variability in grain scale and fracture permeability. This paper outlines a frame
work for understanding, comparing, and correlating the fluid flow properties of fault zones 
in various geologic settings. 

INTRODUCTION 
Brittle fault zones are lithologically het

erogeneous and structurally anisotropic dis
continuities in the upper crust. They may act 
as conduits, barriers, or combined conduit
barrier systems that enhance or impede fluid 
Row (Randolph and lohnson, 1989; Smith et 
aI., 1990; Scholz, 1990; Caine et aI., 1993; 
Forster et aI., 1994; Antonellini and Aydin, 
1994; Newman and Mitra, 1994; Goddard 
and Evans, 1995). Fault zones are composed 
of distinct components: a fault core where 
most of the displacement is accommodated 
and an associated damage zone that is me
chanically related to the growth of the fault 
zone (Sibson, 1977; Chester and Logan, 
1986; Davison and Wang, 1988; Forster and 
Evans, 1991; Byerlee, 1993; Scholz and 
Anders, 1994). The amount and distribution 
of each component control fluid Row within 
and near the fault zone. 

to measure in situ fault zone properties in a 
way that adequately characterizes the spatial 
and temporal variations in permeability, po
rosity, and storativity. 

In this paper, we compile data, terminol
ogy, and conceptual models in order to con
solidate our knowledge of fault-related per
meability structures. We outline a fault zone 
model and a set of indices that serve as a 
guide in evaluating the physical properties 
of fault zones. This model can be used as a 
framework for determining spatial variabil
ity in fault zone architecture from field data 
and for incorporating physically based geo
logic information in mathema tical models of 
Ruid flow in faulted rocks. We first define 

FAULT ZONE 
AIKHrr":CI'URAL 

COMPONENTS 

.. FAULTCOI{E 
Gouge 
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§ill DAMAm ZONt: 
Small raulL> 
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the major components of a fault zone and 
then set forth both qualitative and quanti
tative schemes for fault-related permeability 
structures. The schemes are based on a syn
opsis of our research and the work of other 
authors (Sibson, 1981 ; Oliver, 1986; Chester 
and Logan , 1986; Parry and Bruhn, 1986; 
Scholz, 1987; Scholz and Anders, 1994; 
Parry et aI., 1988; Bruhn et aI., 1990; Smith 
et aI., 1990; Forster and Evans, 1991 ; Moore 
and Vrolijk, 1992; Caine et aI. , 1993; New
man and Mitra, 1994; Goddard and Evans, 
1995). 

FAULT ZONE DEFINITION 
The primary components of upper-crustal 

fault zones are fault core, damage zone, and 
protolith (shown in the conceptual model of 
Fig. 1). No scalar relationship is implied be
tween the components, nor must all of the 
components be present in any given fault 
zone. Note that the fluid flow properties of 
a fault zone may change, thus the diagram 
represents only a single point in time. For 
example, the core may act as a conduit dur
ing deformation and as a barrier when open 
pore space is filled by mineral precipitation 
following deformation . Thus, it is important 
to specify the stage of fault evolution when 
forming a conceptual model for a particular 
fault zone. 

We define a fault core as the structural, 
lithologic, and morphologic portion of a 
fault zone where most of the displacement is 

FACTORS 
CONTROLLING k 
Ulholog)' 
Fault .. 01,; 
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Fluid ch.mi.lry 
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Component k 

0.lmponeol ani!;()[mpy 
(magni rude & dirc<:tion 

of kmax & kminl 

Insufficient data, particularly field-based 
data, are available to adequately character
ize and compare architecture, permeability 
structure, fluid flow, and mechanical prop
erties of fault zones found in different geo
logic environments. Current demands to 
prove the long-term integrity of waste-dis
posal facilities, produce hydrocarbons from 
reservoirs compartmentalized by fault 
zones, extract mineral deposits, and esti
mate earthquake risk require incorporating 
detailed, field-based representations of the 
physical properties of fault zones in predic
tive fluid flow simulators. Development of 
valid flow models is hindered by our inability 

Figure 1. Conceptual model of fault zone with protolith removed (after Chester and Logan, 1986; 
Smith et aI., 1990). Ellipse represents relative magnitude and orientation of the bulk two
dimensional permeability (k) tensor that might be associated with each distinct architectural 
component of fault zone. 
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ABSTRACT 
Fault zone architecture and related permeability structures form primary controls on 

fluid flow in upper-crustal, brittle fault zones. We develop qualitative and quantitative 
schemes for evaluating fault-related permeability structures by using results of field in
vestigations, laboratory permeability measurements, and numerical models of flow within 
and near fault zones. The qualitative scheme compares the percentage of the total fault zone 
width composed of fault core materials (e.g., anastomosing slip surfaces, clay-rich gouge, 
cataclasite, and fault breccias) to the percentage of subsidiary damage zone structures (e.g., 
kinematically related fracture sets, small faults, and veins). A more quantitative scheme is 
developed to define a set of indices that characterize fault zone architecture and spatial 
variability. The fault core and damage zone are distinct structural and hydrogeologic units 
that reflect the material properties and deformation conditions within a fault zone. 
Whether a fault zone will act as a conduit, barrier, or combined conduit-barrier system is 
controlled by the relative percentage of fault core and damage zone structures and the 
inherent variability in grain scale and fracture permeability. This paper outlines a frame
work for understanding, comparing, and correlating the fluid flow properties of fault zones 
in various geologic settings. 

INTRODUCTION 
Brittle fault zones are lithologically het

erogeneous and structurally anisotropic dis
continuities in the upper crust. They may act 
as conduits, barriers, or combined conduit
barrier systems that enhance or impede fluid 
Row (Randolph and lohnson, 1989; Smith et 
aI., 1990; Scholz, 1990; Caine et aI., 1993; 
Forster et aI., 1994; Antonellini and Aydin, 
1994; Newman and Mitra, 1994; Goddard 
and Evans, 1995). Fault zones are composed 
of distinct components: a fault core where 
most of the displacement is accommodated 
and an associated damage zone that is me
chanically related to the growth of the fault 
zone (Sibson, 1977; Chester and Logan, 
1986; Davison and Wang, 1988; Forster and 
Evans, 1991; Byerlee, 1993; Scholz and 
Anders, 1994). The amount and distribution 
of each component control fluid Row within 
and near the fault zone. 

to measure in situ fault zone properties in a 
way that adequately characterizes the spatial 
and temporal variations in permeability, po
rosity, and storativity. 

In this paper, we compile data, terminol
ogy, and conceptual models in order to con
solidate our knowledge of fault-related per
meability structures. We outline a fault zone 
model and a set of indices that serve as a 
guide in evaluating the physical properties 
of fault zones. This model can be used as a 
framework for determining spatial variabil
ity in fault zone architecture from field data 
and for incorporating physically based geo
logic information in mathema tical models of 
Ruid flow in faulted rocks. We first define 
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the major components of a fault zone and 
then set forth both qualitative and quanti
tative schemes for fault-related permeability 
structures. The schemes are based on a syn
opsis of our research and the work of other 
authors (Sibson, 1981 ; Oliver, 1986; Chester 
and Logan , 1986; Parry and Bruhn, 1986; 
Scholz, 1987; Scholz and Anders, 1994; 
Parry et aI., 1988; Bruhn et aI., 1990; Smith 
et aI., 1990; Forster and Evans, 1991 ; Moore 
and Vrolijk, 1992; Caine et aI. , 1993; New
man and Mitra, 1994; Goddard and Evans, 
1995). 

FAULT ZONE DEFINITION 
The primary components of upper-crustal 

fault zones are fault core, damage zone, and 
protolith (shown in the conceptual model of 
Fig. 1). No scalar relationship is implied be
tween the components, nor must all of the 
components be present in any given fault 
zone. Note that the fluid flow properties of 
a fault zone may change, thus the diagram 
represents only a single point in time. For 
example, the core may act as a conduit dur
ing deformation and as a barrier when open 
pore space is filled by mineral precipitation 
following deformation . Thus, it is important 
to specify the stage of fault evolution when 
forming a conceptual model for a particular 
fault zone. 

We define a fault core as the structural, 
lithologic, and morphologic portion of a 
fault zone where most of the displacement is 
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Insufficient data, particularly field-based 
data, are available to adequately character
ize and compare architecture, permeability 
structure, fluid flow, and mechanical prop
erties of fault zones found in different geo
logic environments. Current demands to 
prove the long-term integrity of waste-dis
posal facilities, produce hydrocarbons from 
reservoirs compartmentalized by fault 
zones, extract mineral deposits, and esti
mate earthquake risk require incorporating 
detailed, field-based representations of the 
physical properties of fault zones in predic
tive fluid flow simulators. Development of 
valid flow models is hindered by our inability 

Figure 1. Conceptual model of fault zone with protolith removed (after Chester and Logan, 1986; 
Smith et aI., 1990). Ellipse represents relative magnitude and orientation of the bulk two
dimensional permeability (k) tensor that might be associated with each distinct architectural 
component of fault zone. 
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component of the fault zone from which 
samples and related data are collected. 

Field observations of unfractured fault 
core materials suggest that they are domi
nated by grain-scale permeability. Labora
tory-determined permeabilities for natural 
fault core materials show a range of varia
tion of approximately 10 orders of magni
tude (10- 12 to 10- 22 m2 from Smith et aI., 
1990). These data suggest that the perme
ability of fault core materials depends, in 
part, on lithology and the degree to which 
that lithology has been chemically altered. 
Rocks with the lowest phyllosilicate content 
tend to have the highest permeability. [f 
there is a direct correlation between proto
lith rock type and the types of fault core 
materials that develop in a given deforma
tion environment, then a predictive link may 
be made with the resulting conduit-barrier 
systematics. 

AJthough fault zone core materials often 
have low matrix permeability, they may not 
always act as a barrier to flow, particularly 
during deformation. For example, work on 
the Dixie Valley fault zone shows that the 
fault core acted as a short-lived, syndefor
mational , fluid flow conduit that then rap
idly sealed to form a barrier to flow. This 
history is also indicated from work on fault 
6, Traill 0, East Greenland. [n contrast, 
damage zones tend to be conduits compared 
with both the fault core and the often lower 
or "background" permeability of the protolith. 

[n spite of the dearth of laboratory-deter
mined grain-scale permeability values from 
samples of damage zone materials, our field 
observations suggest that damage zone per
meability is fracture dominated. The juxta
position of highly fractured damage zone 
materials with undeformed protolith and 
generally unfractured fault core materials 
forms major permeability contrasts within a 
fault zone. Preliminary estimates of damage 
zone fracture permeability, using the frac
ture-permeability estimation methods of 
Oda et al. (1987) and Bruhn (1993), in both 
the Dixie Valley fault zone and fault 6, are 
two to three orders of magnitude greater 
than the permeability of fractured protolith 
and four to six orders of magnitude greater 
than the fault core grain-scale permeabili
ties. The magnitude and spatial variability of 
this permeability contrast may be the pri
mary control on fault zone barrier-conduit 
systematics. 

Additional controls on fault zone archi
tecture and permeability structure may in
clude deformation conditions and the chem
istry of fault zone fluids. Understanding the 
combined impact of mechanical and chem
ical changes in each of the three fault zone 
components on overall architecture and per
meability structure is crucial to a better un-

1028 

derstanding of heterogeneity and anisotropy 
in fault zones. Field-based fault zone archi
tectural data can then be evaluated in the 
context of permeability structure and for
mative deformation processes by using the 
quantitative scheme and architectural indices. 

CONCLUSIONS 
Fluid flow in upper-crustal, brittle fault 

zones depends on fault zone architecture 
and permeability structure. We represent 
these aspects of fault zone structure and hy
drogeology in the qualitative and quantita
tive schemes presented in this paper. The 
schemes are based on a three-component 
fault zone model that includes a fault core, 
damage zone, and protolith. This concep
tual model is used to delineate the distinct 
structural and hydrogeologic regimes of a 
fault zone. A conceptual scheme with four 
end members is used to identify the range of 
possible and observed configu rations of the 
three fault zone components. A second, 
more quantitative scheme, represents vari
ations in fault zone structure by using archi
tectural indices. Adopting these schemes 
provides a consistent framework for evalu
ating how the permeability structure of fault 
zones controls fluid flow in diverse struc
tural regimes. 

There is a clear need to continue field
based characterization and sample collec
tion to determine the factors that control 
fluid flow in fault zones. This work should be 
done in each fault zone component, on a 
variety of fault zone types developed within 
different lithologies over a broad range of 
scales. Once refined quantitative data are 
added to the scheme, new axes may be 
added. These might include time or lithol
ogy axes that would make the schemes more 
comprehensive and possibly provide a pre
dictive tool for better understanding fault 
zone architecture and permeability struc
ture. The role of fluids in faulting processes, 
as well as the growing concerns of fault
related utilization of ground-water, hydro
carbon, mineral, and geothermal resources, 
makes understanding and characterizing 
fault zone architecture and permeability 
structure critical at various times through
out the evolution of a fault zone. 
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component of the fault zone from which 
samples and related data are collected. 

Field observations of unfractured fault 
core materials suggest that they are domi
nated by grain-scale permeability. Labora
tory-determined permeabilities for natural 
fault core materials show a range of varia
tion of approximately 10 orders of magni
tude (10- 12 to 10- 22 m2 from Smith et aI., 
1990). These data suggest that the perme
ability of fault core materials depends, in 
part, on lithology and the degree to which 
that lithology has been chemically altered. 
Rocks with the lowest phyllosilicate content 
tend to have the highest permeability. [f 
there is a direct correlation between proto
lith rock type and the types of fault core 
materials that develop in a given deforma
tion environment, then a predictive link may 
be made with the resulting conduit-barrier 
systematics. 

AJthough fault zone core materials often 
have low matrix permeability, they may not 
always act as a barrier to flow, particularly 
during deformation. For example, work on 
the Dixie Valley fault zone shows that the 
fault core acted as a short-lived, syndefor
mational , fluid flow conduit that then rap
idly sealed to form a barrier to flow. This 
history is also indicated from work on fault 
6, Traill 0, East Greenland. [n contrast, 
damage zones tend to be conduits compared 
with both the fault core and the often lower 
or "background" permeability of the protolith. 

[n spite of the dearth of laboratory-deter
mined grain-scale permeability values from 
samples of damage zone materials, our field 
observations suggest that damage zone per
meability is fracture dominated. The juxta
position of highly fractured damage zone 
materials with undeformed protolith and 
generally unfractured fault core materials 
forms major permeability contrasts within a 
fault zone. Preliminary estimates of damage 
zone fracture permeability, using the frac
ture-permeability estimation methods of 
Oda et al. (1987) and Bruhn (1993), in both 
the Dixie Valley fault zone and fault 6, are 
two to three orders of magnitude greater 
than the permeability of fractured protolith 
and four to six orders of magnitude greater 
than the fault core grain-scale permeabili
ties. The magnitude and spatial variability of 
this permeability contrast may be the pri
mary control on fault zone barrier-conduit 
systematics. 

Additional controls on fault zone archi
tecture and permeability structure may in
clude deformation conditions and the chem
istry of fault zone fluids. Understanding the 
combined impact of mechanical and chem
ical changes in each of the three fault zone 
components on overall architecture and per
meability structure is crucial to a better un-

1028 

derstanding of heterogeneity and anisotropy 
in fault zones. Field-based fault zone archi
tectural data can then be evaluated in the 
context of permeability structure and for
mative deformation processes by using the 
quantitative scheme and architectural indices. 

CONCLUSIONS 
Fluid flow in upper-crustal, brittle fault 

zones depends on fault zone architecture 
and permeability structure. We represent 
these aspects of fault zone structure and hy
drogeology in the qualitative and quantita
tive schemes presented in this paper. The 
schemes are based on a three-component 
fault zone model that includes a fault core, 
damage zone, and protolith. This concep
tual model is used to delineate the distinct 
structural and hydrogeologic regimes of a 
fault zone. A conceptual scheme with four 
end members is used to identify the range of 
possible and observed configu rations of the 
three fault zone components. A second, 
more quantitative scheme, represents vari
ations in fault zone structure by using archi
tectural indices. Adopting these schemes 
provides a consistent framework for evalu
ating how the permeability structure of fault 
zones controls fluid flow in diverse struc
tural regimes. 

There is a clear need to continue field
based characterization and sample collec
tion to determine the factors that control 
fluid flow in fault zones. This work should be 
done in each fault zone component, on a 
variety of fault zone types developed within 
different lithologies over a broad range of 
scales. Once refined quantitative data are 
added to the scheme, new axes may be 
added. These might include time or lithol
ogy axes that would make the schemes more 
comprehensive and possibly provide a pre
dictive tool for better understanding fault 
zone architecture and permeability struc
ture. The role of fluids in faulting processes, 
as well as the growing concerns of fault
related utilization of ground-water, hydro
carbon, mineral, and geothermal resources, 
makes understanding and characterizing 
fault zone architecture and permeability 
structure critical at various times through
out the evolution of a fault zone. 
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component of the fault zone from which 
samples and related data are collected. 

Field observations of unfractured fault 
core materials suggest that they are domi
nated by grain-scale permeability. Labora
tory-determined permeabilities for natural 
fault core materials show a range of varia
tion of approximately 10 orders of magni
tude (10- 12 to 10- 22 m2 from Smith et aI., 
1990). These data suggest that the perme
ability of fault core materials depends, in 
part, on lithology and the degree to which 
that lithology has been chemically altered. 
Rocks with the lowest phyllosilicate content 
tend to have the highest permeability. [f 
there is a direct correlation between proto
lith rock type and the types of fault core 
materials that develop in a given deforma
tion environment, then a predictive link may 
be made with the resulting conduit-barrier 
systematics. 

AJthough fault zone core materials often 
have low matrix permeability, they may not 
always act as a barrier to flow, particularly 
during deformation. For example, work on 
the Dixie Valley fault zone shows that the 
fault core acted as a short-lived, syndefor
mational , fluid flow conduit that then rap
idly sealed to form a barrier to flow. This 
history is also indicated from work on fault 
6, Traill 0, East Greenland. [n contrast, 
damage zones tend to be conduits compared 
with both the fault core and the often lower 
or "background" permeability of the protolith. 

[n spite of the dearth of laboratory-deter
mined grain-scale permeability values from 
samples of damage zone materials, our field 
observations suggest that damage zone per
meability is fracture dominated. The juxta
position of highly fractured damage zone 
materials with undeformed protolith and 
generally unfractured fault core materials 
forms major permeability contrasts within a 
fault zone. Preliminary estimates of damage 
zone fracture permeability, using the frac
ture-permeability estimation methods of 
Oda et al. (1987) and Bruhn (1993), in both 
the Dixie Valley fault zone and fault 6, are 
two to three orders of magnitude greater 
than the permeability of fractured protolith 
and four to six orders of magnitude greater 
than the fault core grain-scale permeabili
ties. The magnitude and spatial variability of 
this permeability contrast may be the pri
mary control on fault zone barrier-conduit 
systematics. 

Additional controls on fault zone archi
tecture and permeability structure may in
clude deformation conditions and the chem
istry of fault zone fluids. Understanding the 
combined impact of mechanical and chem
ical changes in each of the three fault zone 
components on overall architecture and per
meability structure is crucial to a better un-

1028 

derstanding of heterogeneity and anisotropy 
in fault zones. Field-based fault zone archi
tectural data can then be evaluated in the 
context of permeability structure and for
mative deformation processes by using the 
quantitative scheme and architectural indices. 

CONCLUSIONS 
Fluid flow in upper-crustal, brittle fault 

zones depends on fault zone architecture 
and permeability structure. We represent 
these aspects of fault zone structure and hy
drogeology in the qualitative and quantita
tive schemes presented in this paper. The 
schemes are based on a three-component 
fault zone model that includes a fault core, 
damage zone, and protolith. This concep
tual model is used to delineate the distinct 
structural and hydrogeologic regimes of a 
fault zone. A conceptual scheme with four 
end members is used to identify the range of 
possible and observed configu rations of the 
three fault zone components. A second, 
more quantitative scheme, represents vari
ations in fault zone structure by using archi
tectural indices. Adopting these schemes 
provides a consistent framework for evalu
ating how the permeability structure of fault 
zones controls fluid flow in diverse struc
tural regimes. 

There is a clear need to continue field
based characterization and sample collec
tion to determine the factors that control 
fluid flow in fault zones. This work should be 
done in each fault zone component, on a 
variety of fault zone types developed within 
different lithologies over a broad range of 
scales. Once refined quantitative data are 
added to the scheme, new axes may be 
added. These might include time or lithol
ogy axes that would make the schemes more 
comprehensive and possibly provide a pre
dictive tool for better understanding fault 
zone architecture and permeability struc
ture. The role of fluids in faulting processes, 
as well as the growing concerns of fault
related utilization of ground-water, hydro
carbon, mineral, and geothermal resources, 
makes understanding and characterizing 
fault zone architecture and permeability 
structure critical at various times through
out the evolution of a fault zone. 
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Figure 4-9
Potential for Interbasin Groundwater Flow within the Geologic Study Area
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Geologic and Geophysics Framework for Spring, Cave, Dry Lake, and Delamar Valleys

Section 5.0 5-7

 
 

Figure 5-5
Depth to Pre-Cenozoic Basement in Spring and

Snake Valleys and Vicinity, Nevada and Utah
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Section 4.0

Southern Nevada Water Authority
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Figure 4-9
Potential for Interbasin Groundwater Flow within the Geologic Study Area
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Figure 4-19
Hydrogeologic Map and Cross Section of Northeastern Spring Valley
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Figure 4-19
Hydrogeologic Map and Cross Section of Northeastern Spring Valley
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Note:  Red maxspots are upward-continued from 3 km depth.  Black lines are faults interpreted from maxspots.  

Figure 5-6
Isostatic Residual Gravity Field and Maxspots in Tippett Valley,

Western Kern Mountains, and Vicinity, Nevada
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Figure 4-19
Hydrogeologic Map and Cross Section of Northeastern Spring Valley

â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â

â
â
â
â
â
â

â â â â â â â â â â â â â â â â â â â â
â

â
â
â
â
â
â
â
â
â
â
â

â
â
â

â
â
â
â
â
â
â
â
â
â

â
â
â
â
â
â
â
â
â
â
â
â

â
â
â
â

â
â
â
â
â
â
â
â

â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â

â
â
â
â
â

â

â
â

â
â

â
â
â
â
â

âââââ
â

â
â
â
â
â
â
â
â
â
â
â
â
â
â

âââ

â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â

â

â

â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â

â
â
â
â
â
â
â
â
â
â:
)

)
): )

)

:

)
)

:

:

:

â

â â

â
â

â
â

â
â

â
â

â
â
â
â
â
â
â
â â â â

â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â
â

â
â
â

â
â
â
â

â

â
â

â âââ
â

â
â

â

â

â

ââ

â
ââââ

â
â

:

:
:

:

:

:

SS
nn

aa
kk

ee
  

    
RR

aa
nn

gg
ee

KK ee rr nn         MM oo uu nn tt aa ii nn ss

SVNE'

SVNE

185

TIPPETT

VALLEY

184

SPRING

VALLEY

195

SNAKE

VALLEY

194

PLEASANT

VALLEY
SAND PASS 

TRANSVERSE ZONE

_p_s

_p_s

_p_s

_p_s

_p_s

p_m

_c
_c

_c

_c_c

_c

_c

MOc

MOc
MOc

MOc

MOc

MOc

MOc
MOc

MOc MOc

MOc
MOc

MOc

MOc
MOc

MOc MOc

MOc

MOc
MOc MOc

MOc

MOc

MOc MOc
MOc

MOc

MOc

MOc

MOc

Tv
Tv

Tv

Tv

Tv
Tv

Tv

Tv
Tv Tv

Tv

Tv

Tv
TvTv TvTv

Tv
Tv

TvTv
Tv

Tv

Tv

Tv
TvTv

Tv

Tv

Tv

Tv
Tv

Tv
Tv

Tv

Tv

Tv
Tv

Tv

Tv

Tv

TvTv

TJi

TJi

Ms
Ms

Ms

P*c

P*c
P*c

P*c

P*c

P*c

P*c

P*c

P*c

P*cP*c

P*c

P*c

P*c

P*c
P*c

P*c

P*cP*c
P*c

P*c P*c

P*c

P*c

P*c
P*c

QTs

QTs

QTs

QTs

QTsQTs

W
h ite 

P
ine

Ju a b

W
hi

te 
P

in
e

M
ill

ar
d

Juab
Millard

U
TA

H
N

EV
A

D
A

730,000 740,000 750,000
4,

37
6,

00
0

4,
37

6,
00

0

4,
38

4,
00

0

4,
38

4,
00

0

4,
39

2,
00

0

4,
39

2,
00

0

4,
40

0,
00

0

4,
40

0,
00

0

MAP ID 18076-3210   05/18/2011   JAB/BP

*Hydrographic Area name and number shown

Grid based on Universal Transverse Mercator projection, 
North American Datum 1983, Zone 11N meters.  Hillshade 
developed from 30-m DEM, Sun Angle 45°, Azimuth 315°.

MOc

TJi

MOc

_c

MOc

QTs Tv

P*c

MsMOc

_c

QTs
Tv

P*cMs

Ms
Tv

MOc

_c

MOc

P*c
Ms

_p_s

P*c
Ms

MOc

_c
P*c

Ms

_c

Southwest Northeast
Snake Range Kern Mountains

SVNE SVNE'

E
le

va
tio

n 
(ft

 a
m

sl
)

Vertical Exaggeration = 0 Distance (Feet)

9,000

1,000

5,000
7,000

3,0003,000

7,000
5,000

1,000

9,000

25
,0

00

20
,0

00

10
,0

00

5,
00

0

15
,0

00

30
,0

00

35
,0

00

40
,0

00

45
,0

00

50
,0

00

55
,0

00

60
,0

00

8368369968
261A176

179

253

175
185

195 257174

207173B

256

196183
255

184

1:250,000

Regional Faults

Solid where known; dashed where inferred; dotted where 
concealed.   Sawtooth on upper plate.  Bar and ball on 
downthrown side of fault.

Subsidiary Faults

Solid where known; dashed where inferred; dotted where 
concealed; dotted and queried where uncertain.

Detachment fault

Normal fault: â â

Legend
Hydrogeology
Map Unit - Description

Quaternary-Tertiary sediments

Tertiary volcanic rocks

Tertiary-Jurassic intrusive rocks

Permian-Pennsylvanian carbonate rocks

Mississippian clastic rocks

Mississippian-Ordovician carbonate rocks

Cambrian carbonate rocks

QTs

Tv

TJi

P*c

Ms

MOc

_c

Cambrian-pre-Cambrian clastic rocks_p_s

: Detachment fault@@

: Normal fault@@
â â â

â â â

:* â â
State Boundary

County Boundary

Cross Section profile

Transverse Zone

.
1 0 1

Miles

1:250,000

Flow Across Hydrographic
Area* Boundary

Unlikely

Permissible

Potential for Groundwater

ballashd
Typewritten Text
SNWA Exhibit 58



Geologic and Geophysics Framework for Spring, Cave, Dry Lake, and Delamar Valleys

Section 4.0 4-73

 
 

Figure 4-20
Hydrogeologic Map and Cross Section of the 

Southern Snake Range and Limestone Hills and Vicinity
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Figure 4-20
Hydrogeologic Map and Cross Section of the 

Southern Snake Range and Limestone Hills and Vicinity
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Figure 5-20
Map and 2D Model of SVNP
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Solid where known; Dashed where inferred; dotted where concealed. 
Bar and ball on downthrown side.
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Arrows show direction of movement.

Solid where known; Dashed where inferred; dotted where concealed.   
Sawteeth on upper plate.
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Arrows show direction of movement.
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Figure 5-13
Depth of pre-Cenozoic Basement of Cave, Dry Lake,

and Delamar Valleys and Vicinity, Nevada
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Source:  Mankinen et al. (2008)

Figure 5-12
Isostatic Residual Gravity Field Showing Maxspots
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Source:  Mankinen et al. (2008)

Figure 5-12
Isostatic Residual Gravity Field Showing Maxspots
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Source:  Pari and Baird (2011)

Figure 5-23
Map and 2D Model of CVE

Map ID 17532-3212   04/06/2011   JAB

Grid based on Universal Transverse Mercator Projection,
North American Datum 1983, Zone 11N meters.
Imagery Source: ESRI 'World Imagery' service displaying
i-cubed Nationwide Prime 1m or better resolution imagery
for the contiguous United States. i-cubed Nationwide Prime
is a seamless, color mosaic of various commercial and
government imagery sources. For more information visit:
http://goto.arcgisonline.com/maps/World_Imagery
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Figure 4-13
Hydrogeologic Map and Basin Boundaries of Shingle Pass Area
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Figure 4-14
Hydrogeologic Map and Cross Section of Southern Cave Valley and Vicinity
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Figure 4-14
Hydrogeologic Map and Cross Section of Southern Cave Valley and Vicinity
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Figure 5-12
Isostatic Residual Gravity Field Showing Maxspots
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Figure 4-11
Hydrogeologic Map and Basin Boundaries of 
Pahranagat and Delamar Valleys and Vicinity
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Section 3.03-74

Figure 3-71
Geologic Map and Cross Section of Ash Springs, Lincoln County, Nevada
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Geologic and Geophysics Framework for Spring, Cave, Dry Lake, and Delamar Valleys

Section 5.0 5-39

 
 

Source:  Pari and Baird (2011)

Figure 5-28
Map and 2D Model of DELA1

Map ID 17540-3212   04/06/2011   JAB

RMS = 3.5
Vertical Exaggeration = 1
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Section 5.0

Southern Nevada Water Authority

5-6

 
 

Note:  Maxspots calculated from the 3-km upward-continued gravity grid.

Figure 5-4
Isostatic Residual Gravity Field and Maxspots in Spring 

and Snake Valleys and Vicinity, Nevada and Utah
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Figure 4-10
Hydrogeologic Map and Cross Section of Area between Butte Valley and Jakes Valley
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Figure 4-10
Hydrogeologic Map and Cross Section of Area between Butte Valley and Jakes Valley
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Note:  Red maxspots are upward-continued from 3 km depth.  Black lines are faults interpreted from maxspots.

Figure 5-8
Isostatic Residual Gravity Field in Butte and Jakes Valleys and Vicinity, Nevada
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Figure 4-16
Hydrogeologic Map of Coyote Spring Valley to Lake Mead
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Figure 4-12
Hydrogeologic Map and Cross Section of 

Southern Coyote Spring Valley and Hidden Valley
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Figure 4-12
Hydrogeologic Map and Cross Section of 

Southern Coyote Spring Valley and Hidden Valley
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Figure 4-12
Hydrogeologic Map and Cross Section of 

Southern Coyote Spring Valley and Hidden Valley
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Figure 4-17
Hydrogeologic Map and Cross Section of the Muddy River Springs Area
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Figure 4-17
Hydrogeologic Map and Cross Section of the Muddy River Springs Area
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Figure 4-18
Hydrogeologic Map and Cross Section of the Lower Moapa Valley
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Figure 4-18
Hydrogeologic Map and Cross Section of the Lower Moapa Valley
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Figure 4-18
Hydrogeologic Map and Cross Section of the Lower Moapa Valley
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Figure 4-9
Potential for Interbasin Groundwater Flow within the Geologic Study Area
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Section 3.03-62

Figure 3-61
Geologic Map and Cross Section of Hot Creek Spring, Nye County, Nevada
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Solid where known; Dashed where inferred; dotted where concealed. 
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Arrows show direction of movement.
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Sawteeth on upper plate.
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Arrows show direction of movement.

Solid where known; dashed where inferred; dotted where concealed; dotted and queried where uncertain.
Sawteeth on upper plate.
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Figure 4-10
Hydrogeologic Map and Cross Section of Area between Butte Valley and Jakes Valley
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