
Spring, Cave, Dry Lake Spring, Cave, Dry Lake 
and Delamar Valleysand Delamar Valleys

V O L U M E

E X H I B I T S

H
E

A
R

I
N

G
 

D
O

C
U

M
E

N
T

S
H

E
A

R
I

N
G

 
D

O
C

U
M

E
N

T
S

S
p

rin
g

, C
a

v
e

, D
ry

 La
k

e
 

S
p

rin
g

, C
a

v
e

, D
ry

 La
k

e
 

a
n

d
 D

e
la

m
a

r V
a

lle
y

s
a

n
d

 D
e

la
m

a
r V

a
lle

y
s

S

___ - ___

V O L U M E

1 of _

ballashd
Typewritten Text
Presentation for 
Rowley Testimony 
September 30, 2011



 

1 

 

August 2010 

RESUME 

PETER D. ROWLEY, Ph.D., P.G. 

 

 

Address/Phone/E-Mail/Web Page: 

Geologic Mapping, Inc. 

P.O. Box 651 (1235 South 500 East) 

New Harmony, UT 84757 

(435) 865-5928 Business Phone 

(435) 590-1946 Cell Phone 

(435) 865-5935 Fax 

pdrowley@rushisp.com 

www.geologicmappinginc.com 

 

 

Education: 

Ph.D. in geology (6/1968)—University of Texas at Austin (9/1964-6/1968).  Dissertation:  ―Geology of  

the southern Sevier Plateau, Utah;‖ advisor J. Hoover Mackin 

B.A. in geology (6/1964)—Carleton College, Northfield, Minnesota (9/1960-6/1964) 

 

Honors and Awards: 

2008:  Lehi Hintze Award for Outstanding Contributions to the Geology of Utah, for 2008, by the Utah 

Geological Association and Utah Geological Survey, for career accomplishments in Utah (given  

annually) 

1999:  Distinguished Achievement Award, for career accomplishments, Carleton Alumni Association,  

Carleton College, Northfield, MN 

1995:  Dibblee Medal, by the Dibblee Geological Foundation, for career accomplishments in geologic 

 mapping and field geology (a national medal, given annually) 

1972-1987:  Principal Investigator of 6 National Science Foundation grants to the USGS, totaling  

$519,000, for field and stateside research in Antarctica 

1986:  Meritorius Service Award, Department of the Interior 

1986:  Named geographic feature:  Rowley Massif, in the Black Coast of the Antarctic Peninsula 

1985, 1980:  Named fossils, Otazamites rowleyi (a cycad leaf), Retroceramus rowleyi (a pelecypod) 

1979:  Named a Fellow of The Explorers Club, New York, N.Y. 

1990-present:  In Who’s Who in America, Who’s Who in the West, Who’s Who in America (Science and  

       Engineering), International Leaders in Achievement, Men of Achievement, Who’s Who in  

Technology, American Men and Women of Science, Dictionary of International Biography, etc. 

 

Current Employment:  

Consulting Geologist 

Geologic Mapping, Inc. (this is an S Corporation of which I am the President) 

From 5/2001 to present 

   Work in progress— 

(A) Contractor to Southern Nevada Water Authority (SNWA), Las Vegas, to provide the digital geologic 

framework to allow assessments of the effects of pumping, to aid ground-water-flow models, and to 

analyze applications for water in Spring, Cave, Delamar, Dry, and Snake Valleys and other basins in 

Lincoln and White Pine Counties, NV.  Work includes preparing 1:250,000-scale geologic and 

hydrogeologic maps, cross sections, map explanations, analysis of flow paths and hydrogeology, and 

geologic reports aimed at securing water rights in meetings with the Nevada State Engineer as well as 

for the Bureau of Land Management Environmental Impact Statement for the planned pipeline to 

bring water to Las Vegas; providing expert-witness testimony; and helping site production well fields 

(1/09-present).  Collaborate with and assist Gary Dixon (Southwest Geology, Inc.), Andrew Burns of 

SNWA, and others at SNWA in their long-term study of the Great Salt Lake Desert and White River 

ground-water flow systems in a 40,000 mi
2
 area of E Nevada and W Utah, including preparing reports 

for publication. 

mailto:pdrowley@rushisp.com
http://www.geologicmappinginc.com/
ballashd
Typewritten Text

ballashd
Typewritten Text

ballashd
Typewritten Text

ballashd
Typewritten Text
SNWA Exhibit 56



Geology and Geophysics of Spring, 
Cave, Dry Lake, and Delamar Valleys, 
White Pine and Lincoln Counties and 

Adjacent Areas, Nevada and Utah: 
The Geologic Framework of Regional 

Groundwater Flow Systems

PRESENTATION TO THE OFFICE OF THE NEVADA STATE ENGINEER

June 2011

Prepared by

ballashd
Typewritten Text
SNWA Exhibit 58



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

i
 
 

CONTENTS

List of Figures  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .v
List of Plates  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ix
List of Tables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xi
List of Acronyms and Abbreviations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xiii

1.0 Introduction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-1

1.1 Purpose and Scope of Geologic Investigation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-1
1.2 Document Organization  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-1

2.0 Geologic Principles in the Study Area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-1

2.1 Geologic Setting and Background  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-1
2.2 Geologic Controls Affecting the Movement of Groundwater  . . . . . . . . . . . . . . . . 2-4

2.2.1 Geologic Controls Affecting Primary and Secondary Porosities . . . . . . . 2-5
2.2.1.1 Rock Lithology  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-5
2.2.1.2 Structural Controls . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-6
2.2.1.3 Width of Faults and its Relevance to Groundwater Flow . . . 2-11

3.0 Methodology. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-1

3.1 Objectives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-1
3.2 Technical Approach  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-2
3.3 Geologic Data Compilation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-2
3.4 Preparation of Geologic Maps and Sections. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-3

4.0 Geology and Hydrogeology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-1

4.1 Geology and Stratigraphy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-1
4.1.1 Overview  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-1
4.1.2 Proterozoic Rocks. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-4
4.1.3 Paleozoic Rocks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-9

4.1.3.1 Cambrian Rocks  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-9
4.1.3.2 Ordovician to Devonian Rocks  . . . . . . . . . . . . . . . . . . . . . . . 4-10
4.1.3.3 Mississippian to Lower Permian Rocks  . . . . . . . . . . . . . . . . 4-11
4.1.3.4 Park City Group . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-13

4.1.4 Mesozoic Rocks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-14
4.1.5 Cenozoic Rocks  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-15

4.1.5.1 Latest Cretaceous to Miocene Sedimentary Rocks . . . . . . . . 4-16
4.1.5.2 Tertiary Volcanic Rocks  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-16
4.1.5.3 Miocene to Holocene Sediments . . . . . . . . . . . . . . . . . . . . . . 4-19

4.2 Hydrogeologic Units. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-20
4.2.1 Precambrian Metamorphic Rocks  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-22
4.2.2 Cambrian to Precambrian Siliciclastic Rocks  . . . . . . . . . . . . . . . . . . . . 4-22
4.2.3 Cambrian Carbonate Rocks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-22
4.2.4 Mississippian to Ordovician Carbonate Rocks. . . . . . . . . . . . . . . . . . . . 4-23
4.2.5 Mississippian Siliciclastic Rocks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-23

ballashd
Typewritten Text

ballashd
Typewritten Text
SNWA Exhibit 58



ii

CONTENTS (CONTINUED)

Southern Nevada Water Authority

 
 

4.2.6 Permian and Pennsylvanian Carbonate Rocks . . . . . . . . . . . . . . . . . . . . 4-23
4.2.7 Cretaceous to Triassic Siliciclastic Rocks . . . . . . . . . . . . . . . . . . . . . . . 4-24
4.2.8 Tertiary to Jurassic Intrusive Rocks . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-24
4.2.9 Older Tertiary Sediments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-24
4.2.10 Tertiary Volcanic Rocks. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-24
4.2.11 Quaternary and Tertiary Basalt  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-25
4.2.12 Quaternary and Tertiary Sediments . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-25

4.3 Structural Geology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-25
4.3.1 Evolution of the Regional Structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-25
4.3.2 Effect of Structures on Groundwater Flow  . . . . . . . . . . . . . . . . . . . . . . 4-31

4.3.2.1 The Antler Deformation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-31
4.3.2.2 The Sevier Deformation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-31
4.3.2.3 The Eocene-Miocene Episode of  

Calc-Alkaline Volcanism  . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-32
4.3.2.4 The Miocene-Quaternary Basin-Range Episode 

of Extension . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-32
4.4 Descriptions of Basins and Ranges and Potential for  

Interbasin Groundwater Flow . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-33
4.4.1 Ruby Mountains, Bald Mountain, and Buck Mountain . . . . . . . . . . . . . 4-35
4.4.2 Maverick Springs Range  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-35
4.4.3 Butte Mountains and White Pine Range  . . . . . . . . . . . . . . . . . . . . . . . . 4-36
4.4.4 Horse, Grant, and Quinn Canyon Ranges  . . . . . . . . . . . . . . . . . . . . . . . 4-39
4.4.5 Worthington Mountains and Timpahute Range . . . . . . . . . . . . . . . . . . . 4-40
4.4.6 Golden Gate Range, Mount Irish, Pahranagat Range, and  

Northern Sheep Range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-41
4.4.7 Southern Sheep Range, Las Vegas Range, and Elbow Range . . . . . . . . 4-42
4.4.8 Cherry Creek Range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-46
4.4.9 Northern Egan Range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-46
4.4.10 Southern Egan Range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-47
4.4.11 Seaman Range  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-51
4.4.12 North Pahroc, South Pahroc, and Hiko Ranges . . . . . . . . . . . . . . . . . . . 4-51
4.4.13 Schell Creek Range  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-54
4.4.14 Fairview, Bristol, West, Ely Springs, Highland, Black Canyon,  

Burnt Spring, and Chief Ranges, and Pioche Hills  . . . . . . . . . . . . . . . . 4-55
4.4.15 Delamar Mountains  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-56
4.4.16 Meadow Valley Mountains  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-57
4.4.17 Arrow Canyon Range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-58
4.4.18 Fortification Range, Wilson Creek Range, and  

White Rock Mountains. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-60
4.4.19 Clover Mountains and Bull Valley Mountains. . . . . . . . . . . . . . . . . . . . 4-63
4.4.20 Mormon Mountains  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-64
4.4.21 North Muddy Mountains, Muddy Mountains, and Dry Lake Range . . . 4-65
4.4.22 Antelope Range, White Pine County . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-66

ballashd
Typewritten Text
SNWA Exhibit 58



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

iii

CONTENTS (CONTINUED)

 
 

4.4.23 Kern Mountains and Adjacent Small Ranges. . . . . . . . . . . . . . . . . . . . . 4-67
4.4.24 Deep Creek Range, Utah  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-69
4.4.25 Snake Range and Limestone Hills . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-70
4.4.26 Confusion Range, Conger Range, Burbank Hills, and  

Tunnel Spring Mountains . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-74
4.4.27 Needle Range and Wah Wah Mountains . . . . . . . . . . . . . . . . . . . . . . . . 4-75
4.4.28 Fish Springs and House Ranges . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-76

5.0 Geophysics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-1

5.1 Gravity Surveys  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-1
5.1.1 Gravity Data for Spring and Snake Valleys . . . . . . . . . . . . . . . . . . . . . . . 5-3
5.1.2 Gravity Data for Butte Valley and Jakes Valley  . . . . . . . . . . . . . . . . . . 5-12
5.1.3 Gravity Data for the Southern End of Steptoe Valley . . . . . . . . . . . . . . 5-12
5.1.4 Gravity Data for Cave, Dry Lake, and Delamar Valleys . . . . . . . . . . . . 5-15

5.2 Audiomagnetotelluric Studies. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-20
5.2.1 AMT Data for Spring Valley . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-21
5.2.2 AMT Data for Snake Valley. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-27
5.2.3 AMT Data for Cave Valley  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-30
5.2.4 AMT Data for Dry Lake Valley . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-33
5.2.5 AMT Data for Delamar Valley. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-33

5.3 Seismic Studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-37

6.0 Professional Opinions on Previous Studies in the Project Area . . . . . . . . . . . . . . . . . . . . . 6-1

6.1 Previous Studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-1
6.1.1 The BARCASS Report. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-1
6.1.2 Reports by Elliott and Other USGS Authors . . . . . . . . . . . . . . . . . . . . . . 6-2
6.1.3 Myers’ Unpublished Reports . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-3

6.2 Issues in Basins within the Project Area. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-4
6.2.1 Issues in Spring Valley. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-4

6.2.1.1 Flow to or from Tippett Valley  . . . . . . . . . . . . . . . . . . . . . . . . 6-4
6.2.1.2 Flow to Snake Valley between the Kern Mountains  

and Snake Range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-5
6.2.1.3 Flow from Steptoe Valley to Southern Spring Valley . . . . . . . 6-5
6.2.1.4 Flow from Steptoe Valley to Lake, Spring, and  

Hamlin Valleys  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-6
6.2.2 Issues in Cave Valley . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-7

6.2.2.1 Shingle Pass Fault  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-7
6.2.2.2 Flow through Southern Cave Valley . . . . . . . . . . . . . . . . . . . . 6-9

6.2.3 Issues in Dry Lake and Delamar Valleys . . . . . . . . . . . . . . . . . . . . . . . . . 6-9
6.2.3.1 The Timpahute Transverse Zone . . . . . . . . . . . . . . . . . . . . . . . 6-9
6.2.3.2 Flow from Delamar Valley to Pahranagat Valley . . . . . . . . . 6-10
6.2.3.3 Flow along the Pahranagat Shear Zone . . . . . . . . . . . . . . . . . 6-11

6.2.4 Issues in Steptoe Valley . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-11

ballashd
Typewritten Text
SNWA Exhibit 58



iv

CONTENTS (CONTINUED)

Southern Nevada Water Authority

 
 

6.2.4.1 Flow from Steptoe Valley to Jakes Valley  . . . . . . . . . . . . . . 6-11
6.2.4.2 Flow from Steptoe Valley to White River Valley . . . . . . . . . 6-12

6.2.5 Issues in Snake Valley . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-12
6.2.5.1 Impact of Pumping in Great Basin National Park . . . . . . . . . 6-12

7.0 Summary. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-1

7.1 Summary of Approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-1
7.2 Summary of Opinions on Key Issues . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-1

7.2.1 Spring Valley . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-2
7.2.2 Cave Valley  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-2
7.2.3 Dry Lake and Delamar Valleys  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-3
7.2.4 Steptoe Valley  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-3
7.2.5 Snake Valley and Great Basin National Park. . . . . . . . . . . . . . . . . . . . . . 7-3

7.3 Conclusions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-3

8.0 References. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-1

Appendix A - General Photos of the Study Area

ballashd
Typewritten Text
SNWA Exhibit 58



ballashd
Typewritten Text
SNWA Exhibit 58



ballashd
Typewritten Text
SNWA Exhibit 58



QTa

QTb

Tt4

Tr4

Tr3

Ta3

Ts3

Tt3

Ts2

Ta2

Tt2

Tt1

Tr1

Ta1

Ts1

Tmb

Ti

Ks

^s

Pp

Pa

Par

P*

*

Md 

Mc

Dg

Dd

Ds

Du

DS

SOu

Ol

_u

_m 

_p_s

Unconformity

Unconformity

Unconformity

Unconformity

QTa QTb

Tr4

Ta3Ts3 Tt3

Ts2 Ta2Tt2

Tt1 Tr1 Ta1
Ts1

Tmb
Ti

Ks

^s

Pp

Pa
Par

P*
*

Md 

DgDd

Dn Ds
DuDS

D_
SOu 

SO
Ol

_c
_u  

_m 

_p_s  

p_ 

Tt4

Tv

Pr

Holocene
Pleistocene

Pliocene
Miocene

Oligocene

Eocene
Paleocene

Cretaceous

Jurassic

Triassic

Permian

Pennsylvanian

Mississippian

Devonian

Upper Cambrian

Precambrian

Silurian and Upper Ordovician
Middle and Lower Ordovician

Lower Cambrian
Middle Cambrian

Tv

Open Water
MAP ID 18288-3211  04/20/2011  BPPLATE 3.  EXPLANATION OF GEOLOGIC UNITS FOR THE MAPS AND CROSS SECTIONS OF PLATES 1, 2, 4, AND 5.

Pr

MD

Mc

MD

Tr3

Tr2

Tr2

TKi

TKi

Ki

Ki

Ji 

Ji 

p_ 

_c

SO

M D d

MDd

MDd

Ts4

Ta4

Js

D_

Dn

Js

Ta4Ts4

|u

|u

 
                             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

13

12

2

3

4

5

8

9
10

11 14

1

6

15

7

22

21

17

18

16
19

20

580,000 660,000 740,000 820,000

4,
04

0,
00

0
4,

12
0,

00
0

4,
20

0,
00

0
4,

28
0,

00
0

4,
36

0,
00

0
4,

44
0,

00
0

.

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°.

10 0 10 20

Miles

Source Maps:

1. Page, W.R., Lundstrom, S.C., Harris, A.G., Langenheim, V.E., Workman, J.B., Mahan, S.A., Paces, J.B., Dixon, G.L., Rowley, 
P.D., Burchfiel, B.C., Bell, J.W., and Smith, E.I., 2005, Geologic and Geophysical maps of the Las Vegas 30' × 60' quadrangle, 
Clark and Nye Counties, Nevada, and Inyo County, California:  U.S. Geological Survey Scientific Investigations Map 2814, 
55 p., scale 1:100,000.

2. Page, W.R., Dixon, G.L., Rowley, P.D., and Brickey, D.W., 2005, Geologic map of parts of the Colorado, White River, and 
Death Valley ground-water flow systems:  Nevada Bureau of Mines & Geology Map 150, scale 1:250,000.  Digital GIS data 
provided.

3. Workman, J.B., Menges, C.M., Page, W.R., Taylor, E.M., Ekren, E.B., Rowley, P.D., Dixon, G.L., Thompson, R.A., and 
Wright, L.A., 2002, Geologic map of the Death Valley ground water model area, Nevada and California:  U.S. Geological 
Survey Miscellaneous Field Studies MF-2381-A, scale 1:250,000.  Digital GIS data provided.

4. Longwell, C.R., Pampeyan, E.H., Bowyer, B., and Roberts, R.J., 1965, Geology and mineral deposits of Clark County, Nevada: 
Nevada Bureau of Mines and Geology Bulletin 62, 218 p., scale 1:250,000.

5. Tschanz, C.M., and Pampeyan, E.H., 1970, Geology and Mineral deposits of Lincoln County, Nevada:  Nevada Bureau of Mines 
and Geology Bulletin 73, 187 p., scale 1:250,000.

6. Ekren, E.B., Orkild, P.P., Sargent, K.A., and Dixon, G.L., 1977, Geologic map of Tertiary rocks, Lincoln County, Nevada: 
U.S. Geological Survey Miscellaneous Investigations Series Map I-1041, scale 1:250,000.

7. Cornwall, H.R., 1972, Geology and mineral deposits of southern Nye County, Nevada:  Nevada Bureau of Mines and Geology 
Bulletin 77, 49 p., scale 1:250,000.

8. Kleinhampl, F.J., and Ziony, J.I., 1985, Geology of northern Nye County, Nevada:  Nevada Bureau of Mines and Geology 
Bulletin 99A, 172 p., scale 1:250,000.

9. Hose, R.K., and Blake, Jr., M.C., 1976, Geology and mineral resources of White Pine County, Nevada, Part 1, Geology:  Nevada 
Bureau of Mines and Geology Bulletin 85, p. 1-35., scale 1:250,000.

10. Roberts, R.J., Montgomery, K.M., and Lehner, R.E., 1967, Geology and mineral resources of Eureka County, Nevada:  Nevada 
Bureau of Mines and Geology Bulletin 64, 152 p., scale 1:250,000.

11. Coats, R.R., 1987, Geology of Elko County, Nevada:  Nevada Bureau of Mines and Geology Bulletin 101, 112 p., scale 
1:250,000.

12. Hintze, L.F., and Davis, F.D., 2002, Geologic map of the Tule Valley 30' × 60' quadrangle and parts of the Ely, Fish Springs, and 
Kern Mountains 30' × 60' quadrangles, northwest Millard County, Utah:  Utah Geological Survey Map 186, scale 1:100,000. 

13. Hintze, L.F., and Davis, F.D., 2002, Geologic map of the Wah Wah Mountains North 30' × 60' quadrangle and part of the 
Garrison 30' × 60' quadrangle, southwest Millard County and part of Beaver County, Utah:  Utah Geological Survey Map 182, 
scale 1:100,000.

14. Hintze, L.F., Willis, G.C., Laes, D.Y.M., Sprinkel, D.A., and Brown, K.D., 2000, Digital Geologic Map of Utah, Utah 
Geological Survey Map 179DM, scale 1:500,000.

15. Hintze, L.F., 1980, Geologic map of Utah:  Utah Geological and Mineralogical Survey, scale 1:500,000. 
16. Hess, R.H., and Johnson, G.L., 1997, Nevada Bureau of Mines and Geology County Digital Mapping Project, Open File report 

97-1, Nevada Bureau of Mines and Geology, scale 1:250,000.  These data were digitized from the county Geology and Mineral 
Resource Bulletins published by the NBMG.  Digital products cover Clark, Lincoln, White Pine, Southern Nye, Northern Nye, 
Elko and Eureka counties.

17. Rowley, P.D., Williams, V.S., Vice, G.S., Maxwell, D.J., Hacker, D.B., Snee, L.E., and Mackin, J.H., 2006, Interim geologic map 
of the Cedar City 30’ × 60’ quadrangle, Iron and Washington Counties, Utah:  Utah Geological Survey Open-File Report 
476DM, scale 1:100,000.  Rowley, P.D., Hacker, D.B., Maxwell, D.J., Maxwell, J.D, and Boswell, J.T., 2008, Interim geologic 
map of the Utah part of the Deer Lodge Canyon, Prohibition Flat, Uvada, and Pine Park quadrangles (east part of the Caliente 
30’ × 60’ quadrangle), Iron and Washington Counties, Utah:  Utah Geological Survey Open-File Report 530, scale 1:24,000.

18. Biek, R.F., Rowley, P.D., Hacker, D.B., Hayden, J.M., Willis, G.C., Hintze, L.F., Anderson, R.E., and Brown, K.D., 2007, 
Geologic map of the St. George and east part of the Clover Mountains 30’ × 60’ quadrangles, Washington and Iron Counties, 
Utah:  Utah Geological Survey Map 242, scale 1:100,000.

19. Morris, H.T., 1987, Preliminary geologic map of the Delta 2° quadrangle, Tooele, Juab, Millard, and Utah Counties, Utah: 
U.S. Geological Survey Open-File Report 87-185, scale 1:250,000.

20. Steven, T.A., Morris, H.T., and Rowley, P.D., 1990, Geologic map of the Richfield 1° × 2° quadrangle, west-central Utah: 
U.S. Geological Survey Miscellaneous Investigations Series Map I-1901, scale 1:250,000.

21. Rowley, P.D., Dixon, G.L., Burns, A.G., and Collins, C.A., 2009, Geology and hydrogeology of the Snake Valley area, western 
Utah and eastern Nevada, in Tripp, B.T., Krahulec, Ken, and Jordan, J.L., eds., Geology and geologic resources and issues of 
western Utah:  Utah Geological Association Publication 38, CD, p. 251-269 + Plate 1 (scale 1;250,000).

22. This study and Dixon, G.L, Rowley, P.D., Burns, A.G., Watrus, J.M., and Donovan, D.J., Ekren, E.B., 2007, Geology of White 
Pine and Lincoln Counties and adjacent areas, Nevada and Utah—The geologic framework of regional groundwater flow 
systems:  Southern Nevada Water Authority, Las Vegas, Nevada, Doc. No. HAM-ED-0001, variously paginated, scale 
1:250,000.

ballashd
Typewritten Text
SNWA Exhibit 58



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  
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 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. 
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PLATE 9.   CROSS SECTIONS SHOWING HYDROGEOLOGY OF SOUTHERN LINCOLN AND NORTHERN CLARK COUNTIES, NEVADA

Projection: UTM Zone 11 NAD83

TvTvTv
MOc

Tv
Tv

MOc

Tv

_c _c_c _c

QTs

MOc
QTs

QTsQTs

Tv
_c

Tv Tv
_c

K^s

MOc

Tv

_p_s

MOc

_p_s

MOc

_p_s

MOc

MOc

_c

_c
_c

_p_s
MOc_c MOc

_p_s
_p
_s _p_s_p_s

_p_s

Tv

_c
Tv

_c

P*c
P*c

P*
c

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'

Pa hra na g at  Sh ea r  Zon e

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

MOc MOcMOc

_c_c

MOc

_c

MOc

_c
_c_c _c

_c

MOc

_c

MOc

_c
_c

TvQTs
MOc

QTs
Tv Tv MOc
MOc _c

_c

MOc

_c
_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

_c

_p_s

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

MOc

_c
_c _c

_c MOc
MOc

QTs QTs

_c

QTs
QTs

_c

_c

TvTv
MOc

_c

MOc

MOc

MOc
MOc

_p_s _p_s

_p_s _c

_p_s

_p_s
_c p_m _p_s_c p_m MOc_p_s _p_s

P*c

QTs

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

QTs

_c
QTs

QTs

MOc

QTs

QTs

MOc

QTsQTs
QTs _c QTs

K^s
MOc

TvTv

_p_s
_c

Tv
Tv

Tv

_p_s
MOc

_c

MOc
MOc

MOc

_c

MOc

_c
_cMOc

_cp_m

MOc

_p_s
MOc

_c _c_c _p_s _p_s_c p_m_p_s

MOc

_c

MOc

_c

MOc

P*c
P*cP*c

P*c

P*c P*c

P*c

P*c
P*c

P*c

MOc

_p_s

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

MOcMOc

QTs

_c

_c

QTs

P*c

_p_s

QTs QTs

_c
QTs _cQTs

QTs

MOc

_c
MOcMOc

MOc
TvTv

MOc
MOcMOc

MOc_p_s

_c

_c

MOcMOc

_c

MOc

_c
_c_c MOc

_p_s

MOc _p_s
_c

_c _p_s_c
p_m_p_s _c

MOc MOc

MOc MOc

P*c

P*c
P*c

P*c

P*c
P*c P*c

P*c
P*c

P*c

_c
p_m

QTs

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

MOc
_c

QTs

_c

QTs

MOc

_p_s
MOc

QTs

MOcP*c
QTs

_c

QTs

_c

QTs

MOc

QTs

_c

QTs

QTs
_p_s

MOc

_c

K^s
_p_s

MOc K^s

M
O
c

MOc

_p_s

_p_s

MOc

_c

_c MOc
p_m

_c

p_m

_c
p_m _c

MOc
_p_s

p_m _c
_p_s

_p_s _c
K^s

p_m p_m MOc_c _c

QTs

K^s

P*c

QTs

_c
_p_s

p_m

QTs

MOc

_c

P*c P*cP*c
P*cP*c

P*c
P*c

P*c P*c

P*c

P*c

P*c
P*c

QTs

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

MOc
_c MOc

MOc

QTs

_c

QTs

MOc

QTs

_c

QTs QTs

_cMOc

_p_s
MOc

_c

QTs

MOc

_p_s

QTs

MOc

_c

MOc

QTs

MOc
QTs QTs QTs

MOc

_c

MOc

K^sQTsMOc MOc
_c

K^s

K^s
MOc

_p_s

QTs

MOc

MO
c_c

_c

_p_s

_c _c_c

_p_s

_p_s

_p_s

MOc

MOc_p_s

MOc

_c

_c

_c
_c

MOc

_p_s

p_m p_m

_p_s

_p_s

MOc
_c

_c
_p_s p_m

p_mp_m
_p_s _c K^s

_p_s_p_s_p_sp_m p_mp_mp_m K^sp_m K^s

P*c
P*c P*c

P*c
P*c

P*c
P*c

P*c P*c

P*c P*c

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_c
QTs

QTs

MOc

QTs

_c

K^s
QTs K^s

MOc
K^s

QTs

_p_s

MOc

p_m

_c

QTs

MOc
MOc

MOc

K^s

MOc

MOc

MOc

p_m
_c

P*c

MOc
_c _c

K^s

MOc

K^s_c

K^s
_c

_c
_c

_p_s _c_c
_p_s

MOc

MOc_p_s

_c
_p_s

_p_s
_c_p_s

_p_s
p_m _p_s p_m_p_s

_p_s
p_mp_mp_mp_m _cp_mp_m

P*c
QTs

MOc

_c

QTs

MOc

_c_p_s
p_m

QTs
P*c

P*c
P*c

P*c P*c P*c

P*
c

P*c

P*c P*c

P*c
P*cP*c

MOc

P*c QTs QTs

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

K^s

QTs

K^s

MOc

QTs

QTs

MOc

QTs QTs

K^s

QTs

K^s QTs

p_m

TvK^s

MOc
_c

_c

_c

K^s

P*c
K^s

_p_s

MOc

_p_s P*cp_m
p_m

MOc

P*cK^s K^s_c P*c

K^s

MOc

_c

QTs

MOc

_c

P*c

P*c

P*c P*c

P*c P*c
P*c P*c

P*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

_c

QTs_c TvK^s K^s Tv

QTs

QTs
_c

Tv

QTs
QTs

QTs

P*c

MOc

_c

_c

MOc
K^s

_c MOc

K^s

p_m p_m

K^s

K^s

_p_s_c
TJi

_c

_c
_p_s P*c_p_s

p_m
_p_sp_m

_p_s
P*c

p_m_c
_p_s

QTs

QTs

MOc

MOc

_c
p_m

P*c
P*c

MOc
P*c

P*cMOc

_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

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

NO VERTICAL EXAGGERATION

T
A

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

Well Name
TD=1,234'

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

$

$

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

â â â$

Explanation of Hydrogeologic Units
Shown on Cross Section
QTs

Tv

TJi

K^s

P*c

MOc

_c

_p_s

p_m

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

ballashd
Typewritten Text
SNWA Exhibit 58



Section 5.0

Southern Nevada Water Authority

5-4

 
 

Figure 5-2
Shaded Relief Map of Spring and Snake Valleys and Vicinity, Nevada and Utah
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Source:  Mankinen et al. (2008)

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

4-34

 
 

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
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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 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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Quaternary-Tertiary sediments
Quaternary-Tertiary basalts 
Tertiary volcanic rocks
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Permian-Pennsylvanian carbonate rocks
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Normal Fault

Strike-slip Fault

Thrust Fault

Solid where known; Dashed where inferred; dotted where concealed. 
Bar and ball on downthrown side.

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

Solid where known; Dashed where inferred; dotted where concealed.   
Sawteeth on upper plate.

Solid where known; Dashed where inferred; dotted where concealed.   
Sawteeth on upper plate.
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Quaternary Fault
Solid where known; Dashed where inferred; dotted where concealed. 
Bar and ball on downthrown side.
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Subsidiary Faults
Normal Fault
Strike-slip Fault
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Detachment Fault

Solid where known; dashed where inferred; dotted where concealed; dotted and queried where uncertain.
Bar and ball on downthrown side.

Solid where known; dashed where inferred; dotted where concealed; dotted and queried where uncertain
Arrows show direction of movement.

Solid where known; dashed where inferred; dotted where concealed; dotted and queried where uncertain.
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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
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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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Southern Nevada Water Authority
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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

195
SNAKE 
VALLEY

196
HAMLIN
VALLEY

184
SPRING 
VALLEY

179
STEPTOE 

VALLEY

222A
UPPER
VIRGIN
RIVER

VALLEY

207
WHITE 
RIVER 
VALLEY

222
VIRGIN 
RIVER 
VALLEY

223
GOLD 

BUTTE AREA
212

LAS VEGAS 
VALLEY

257
TULE 

VALLEY

173B
RAILROAD 

VALLEY 
(NORTHERN 

PART)

280
BERYL-ENTERPRISE 

AREA

255
PINE 

VALLEY

176
RUBY 

VALLEY

162
PAHRUMP 

VALLEY

154
NEWARK 
VALLEY

175
LONG 

VALLEY

181
DRY LAKE 

VALLEY

156
HOT CREEK 

VALLEY

153
DIAMOND 

VALLEY

261A
GREAT 
SALT 
LAKE 

DESERT 
(WESTERN 

PART)

183
LAKE 

VALLEY

170
PENOYER 

VALLEY

256
WAH WAH 

VALLEY

171
COAL 

VALLEY

205
LOWER 

MEADOW 
VALLEY 
WASH

174
JAKES 
VALLEY

172
GARDEN 
VALLEY

209
PAHRANAGAT 

VALLEY

47
HUNTINGTON 

VALLEY

161
INDIAN 

SPRINGS 
VALLEY

258
FISH 

SPRINGS 
FLAT

210
COYOTE 
SPRING 
VALLEY

169A
TIKABOO 
VALLEY 
NORTH

180
CAVE 

VALLEY

253
DEEP 

CREEK 
VALLEY

204
CLOVER 
VALLEY

151
ANTELOPE 

VALLEY

185
TIPPETT 
VALLEY

203
PANACA 
VALLEY

215
BLACK 

MOUNTAINS 
AREA

182

DELAMAR 

VALLEY

178B
BUTTE 
VALLEY 

(SOUTHERN 
PART)

201
SPRING 
VALLEY

160
FRENCHMAN 

FLAT

202
PATTERSON 

VALLEY

158A
EMIGRANT 

VALLEY 
(GROOM 

LAKE 
VALLEY)

169B
TIKABOO 
VALLEY 
SOUTH

198
DRY

VALLEY

173A
RAILROAD 

VALLEY 
(SOUTHERN 

PART)

218
CALIFORNIA 

WASH

221
TULE 

DESERT

155A
LITTLE 
SMOKY 
VALLEY 

(NORTHERN 
PART)

208
PAHROC 
VALLEY

220
LOWER 
MOAPA 
VALLEY

155C
LITTLE 
SMOKY 
VALLEY 

(SOUTHERN 
PART)

206
KANE 

SPRINGS 
VALLEY

216
GARNET 
VALLEY

211
THREE 
LAKES 

VALLEY 
(SOUTHERN 

PART)

168
THREE 
LAKES 
VALLEY 

(NORTHERN 
PART)

219
MUDDY 
RIVER 

SPRINGS 
AREA

163
MESQUITE 

VALLEY

217
HID DEN 
VALLEY 
(NORTH)

200
EAGLE 
VALLEY

186A
ANTELOPE 

VALLEY 
(SOUTHERN 

PART)

158B
EMIGRANT 

VALLEY 
(PAPOOSE 

LAKE 
VALLEY)

155B
LITTLE 
SMOKY 
VALLEY 

(CENTRAL 
PART)

152
STEVENS 

BASIN

199
ROSE 

VALLEY

Y

287
Servier
Desert

Butte Valley
Cross Section Extent

Figure 4-10

Spring Valley NE
Cross Section Extent

Figure 4-19

Shingle Pass
Extent

Figure 4-13

Limestone Hills
Cross Section Extent

Figure 4-20

Cave Valley South
Cross Section Extent

Figure 4-14

Pahranagat Shear Zone
Extent

Figure 4-11

Dry Lake Valley
Cross Section Extent

Figure 4-15

Coyote Spring Valley
Cross Section Extent

Figure 4-12

Lower Moapa Valley
Cross Section Extent

Figure 4-18

Coyote Spring Valley
to Lake Mead Extent

Figure 4-16

Muddy River
Springs Area

Cross Section Extent
Figure 4-17

California

Nevada

U
ta

h
N

ev
ad

a

Utah
Arizona

N
eva d a

A
riz on a

E
lk

o
To

oe
leE

lko

Eure ka

Elko
White Pine Tooe le

W
h ite 

P
in e Tooele

JuabW
h ite 

P
in e

Ju ab
W

hi
te 

P
in

e
M

ill
ar

d

White PineNye

White Pine
Lincoln

Juab
Millard

Millard
Beaver

Nye
Lincoln

NyeInyo

N
ye

C
la

rk

Li
nc

ol
n

B
ea

ve
r

Li
nc

ol
n

Iro
n

Li
nc

ol
n

W
as

hi
ng

to
n

Lincoln
Clark

Beaver
Iron

Iron
Washington

Washington
Mohave

Inyo

Clark

CoconinoMohave

M
oh

av
e

C
lar

k

600,000

600,000

700,000

700,000

800,000

800,000

4,
00

0,
00

0

4,
00

0,
00

0

4,
10

0,
00

0

4,
10

0,
00

0

4,
20

0,
00

0

4,
20

0,
00

0

4,
30

0,
00

0

4,
30

0,
00

0

4,
40

0,
00

0

4,
40

0,
00

0

.
10 0 10 20 305

Miles

MAP ID 18047-3211 05/18/2011  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°.

Likely

Permissible

Unlikely

Boundary
Project Basin*

Geologic Study Area

Hydrographic Area*

Open Water

Playa

Extent Rectangle

County Boundary

State Boundary

te

Potential for
Groundwater Flow
Across Hydrographic
Area* Boundary

Legend

ballashd
Typewritten Text
SNWA Exhibit 58



Volume 3

Physical Settings of Selected Springs in 
Clark, Lincoln, and White Pine Counties 

Groundwater Development Project

P

January 2008

garda
Text Box

ballashd
Typewritten Text
SNWA Exhibit 70



Section 3.03-62

Figure 3-61
Geologic Map and Cross Section of Hot Creek Spring, Nye County, Nevada
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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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Solid where known; dashed where inferred; dotted where concealed; dotted and queried where uncertain.
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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.

Solid where known; dashed where inferred; dotted where concealed; dotted and queried where uncertain.
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Cross Sections (Plates 4 and 5)

Major Road

!R Wells

Town_̂

!.
Oil Well Data Used in Cross Sections
Nevada:  Nevada Bureau of Mines and Geology
Utah: Utah Division of Oil, Gas and Mining

National Park Service

Transverse  Zone
(Zone of possible disruption)

Strike and Dip of Beds20
o

Overturned Beds7s

®
SCALE  1:250,000

Projection: UTM Zone 11 NAD83

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



_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

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

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

ââ

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

ââ
â

â
âââââ

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 ââ
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

ââ

â
â â

â
â

â â

â

â
â â

â
â

â
â

â ââ

ââââ

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

ââ

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
ââ

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

ââ 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

ââ

â

â

@@

â
â

â
â
â

â

ââ

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

ââ

ââ

â
â

â

â
â

â
â

â
â

â
â

â

â
â

âââ â
â

ââ 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
ââ

â
â

â

â
â

â
â

â

â

â

â
â

âââââââââ
â

â

â
â

â

â
â

âââââ

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
â

â
â

â
â

â

â â â â â â â â

ââââ

â
â

â
â

â
â

â

ââ
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

ââ

â
â

â
â

â
â

â
â

â
â

â

ââ 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

ââ

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 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

ââ

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

âââââââââââ

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
â

â â â â â
â

â

â â â â

â

â

â

â

â
â

â
â

â
â

â

â

ââ

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

ââ

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

âââââââ
â

â

â

â
â

â
â

â

âââââ

â
â

â â

â â â â â â â

â
â

â
â

âââââââââââââ

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
ââ

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
ââ

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

ââ
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

âââââââââââââââââââ

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
ââ

ââââ

â

â

â
â

â
â

â

âââââââââââ
â

â
â

â
âââââââââ

â â ââ

â

â ââ

â
â

ââ
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

â
â

â

â
â

â

â
â

â
â â

â
â

â
â

â

â

â
â

â
â

â
â

ââ
â

â

â
â

â
â

â
â

â
â

ââ

ââ â
â â

ââ â â

â
â

â â ââ â

â

â

â
â

â
â

â
â

â
ââ

â

â
â

ââ

â
â

â
â

â
â

â
â

â

â

â

â
â

â
ââ

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
ââ

â
â

ââ
â

â

â â
ââ

â

â
â

â
â

â
â

â

â

ââ
â

â
â

ââ
â

â

â
â

â
â

ââââââ

â
â
â

â

â
â

â
â

â

â
â

â

ââ
â

â

â â

â
â

â â

â â

â
â â

â

â
â ââ

â
â

â

â
â

â
â

â
â

â

â

â
â

ââââââ â â

â
â

ââ

â
â â

â

â
â
â

â
â

â
â

â
â

â

â

â
â

â ââââ

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

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

ââ
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 ââ

â
â

â
â

â

â
â

â
â

ââ â

ââ
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 ââ
â

â
â

â â

â

â
â

â

â

â

â
â

â

â
â

â

â
ââ

â
â

â
â

â
â

â
ââ

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 ââ

â

â â

â
â

â
â

ââ

â
â

â
â

â
â

â

â

ââ
â

ââ

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
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

ââ

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

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
â

â
â

â
â

â
â

â

ââ

â
â

â
â

â
â

â
â
â

â
â

â
â

â
â

â

â

ââ

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

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
ââ

â

â
â

â
â

â
â

â
â

â

â

â

â

â â

â
ââ

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

ââ

â
â

â
â

â
â

â â

â

â

â

â

â
â

â
â

â
â

â

â ââ

â

â
â

â
â

â
â

â
â

â

â â

ââ

â
â

â

â
â

â
â

â
â

â

â

â
â

â
â

ââ
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

ââ
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

âââââââ
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
ââââ

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

âââââââ

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

ââ

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

ââ

â

ââ

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

âââââââââ
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

ââ
â

â
â

â

âââ
â

â
â

â

â
â

â
â

â

ââ

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

:
:

:

:

:

:

:

:

:

:
:

:

:
:

o

:

:

:

o

:

o

o

o

o

o

o o oo

o

o
o

o o

o

o
oo

o

o

o

o

oo o
o
o o

o
o

o

o

o
o

o

o

o

o
o

o

o

o

o
o

o

o

o

o

o

o

o

o

o

o

o

oo

o

o

o

o

o

o

o
o

o

o

o

o

o

o

o
o

o

o
o

o
o

o
o

o

o

o

o

o

o

o

o

o

o

:

o

o
o

o

o

o

o

o

o

o

o

o

o

o

o o
o

o

o o
o

o

o

o

o

o

o

o

o

o

o
o o

o

o

o

o

o

o

o o

o
o

o
o o

o

o
o

oo
o

o

oo

o

o

o
o

o

o

o

o o

o

o
o

o

o
o

o
ooo

o
o

o

o

o

o

o

o

o o

o
o

o

o
o

o o
o

oo o
o
o

o

o

o

o

o
o

o
o

o
o

o
o

o

o

o

o o

o

o
o

o
o

o

o
o

o

o o

o

o

o

o
o

o

o

o

o

o o o

oo

o

o
o o

o

o

o

o

oo

o
o

o

o
o

o

oo

o
oo

o o

o

oo

o

ooo

o

o

o o o
o

o
o

o

o
o

o

o

o

o

oo
oo

o

o

o o

o

o

o

o
o

o

o

o

o

o

o

o

o
o

s

o
o o o

oo

o

o

o

o

o

o

o

s

o

oo

os

o
o

o
o

o

o

o

o

o

o
o

o
o

o

o

o

o

o

o

o o

o

o

o

o
o

o

o

o

o
o

o

o

o

o

oo

o

o

o
o

oo

o

oo

o
oo

o

o

o
o

o

o
o

oo o
o
o

o

o

o

o

o

o

o

oo

o

o

o

oo
o

o o

o

o

o
o
o

o
o

o

o
o

o

o
o
o
o

o

o

o o
o o o

o

oo
o

o

o

o
o

o
o

o

o

o
o

o

o

o

o

o

o

o

o

o

o

o

o

oo o o

oo

o

o

o
o

o

o

o

o

o

o

o

o o

o

o

o

o

ooo

oo

o
o

o o
o
o

o

o

o

o

o

o

o

o
o

o

o

o

o

o

o

o

o

o
o

o

o

o

o

o
o
o

o

o
o

o

o

o

o

o
o

o

o o

o
o

o
o

o

o

o

o

o o o

o

o

o

o

o
o

o

o

s
s
s s

o
o

o

o

o

o

o

o

o
o

o

o

o

o

o

o

o

o
o

o

o

o

o

o

o

oo

o

o

o o

o
o
o

o

o
o

o

o

o

o
o

o
o

o

o

o
o

o

o o

o

o

o
o

o
o

o

o

o
o

o

o

o

o
o

o
o

o

o

o

o

o
o

o
o

o

o o

oo

o

o

o

o
o

o

o

o

o

o

o

o

o

o

o

o

o o

o o

o

o

o

o
o

o
o

o

o o

o

o

o

o
o

o

o
o

o
o

o o

o

o
o

o
o

o

o

o

o

o

o
o

o o

o
o

o

o

$

& &

&

&

o

o

o

o

o

o o

o
o

o

o

o

o

o

oo

oo

o

o

o

o

oo
o

o

o
o

o

o

o

o
o

o

o
o

o

o
o

o
o
o

o o

o
o

o

o

o

o

o

o

o

o

o

o

o

oo

o

o
o

o
o

o

o

o

o

o o

o o
o

o

o

o

o

o

oo

o

o

o

o o
o

o

o
o

o
o o
o

o

o

o
o

o

o
o

o

o

o

o

o

o
o

o

o

oo

o
o

oo
o

oo
o

o

o

o
o

o

o

o
o

o
o

o

o
o
o

o

o

o
o

o o

o

o

o
o o

o

o

o

o
o oo
o

o

o

o

o

o

o

o

o

o

o

o
o

o

o

o

o

o

o

o

o

o

o
o

o

o

o

o

o
o

o

o

o

o
o

o

o
oo

o
o

o

oo

o

o
o

o

o

o
oo

o

o

o
o

o

o

o
o

o
o

o

o

o

o

o
o

o

oo

o

o o

o

o

o

o

o

o
o

:

: : :

:

:

:

:

:

:: :

: :

o

oo
o

o
o

o

o
o
o

oo

o

oo o
o

o

:

::

:

:

:

:

:

: :

:

:

:

:

:

:
::::

o

: :
:

:

: :

::
: :

::::
:

:

:
:
:

:

:

:: :

:

: :

:

:

::

:

::

:

:

:
:
: ::: : :

:

:

: o: :

o
o

:

: :

: :

:

:

::

:

:

:

:

:

:

:

o

o

::

o

:::

::

::
::

:

:
:

:

:

::

:
::

:
:

:
::

:

:

:

:

: ::

: :

:

:

:

:::

:::: :
: : :::

:
: :

:

::

:
::

::

:

:

:

::
:

:

:
:

:

::
::

::

:
:

:
::

::

::

:

:::
: ::

:

:

:

:

:

:
:

:

: :
:

: :
::

:
:

:
o

:
:

:
:

:

:
:

: ::

: :
:
:

$::
:

o

:

o

o

o

o

o

o

o
o
o

o

o
o

o

o

o

:

o

:

o

o

o

o

o

o

o

::

o

o

o

o

o

::

:
:

o
o

o

o

o

o

:

:

o

:

:

:
:

: : :

:

:

:

::

:

:

: ::

::

:

:

::

:

:
:

:

:

:

:

:::
:

:

:

:
:

:

::

:

$

:

:
:

:
:

::

:

: :

:

:

::
::

:

:

: :

: :

:

: :

:

:

:

:

:

:

::

::

:
:
: :
: :

:

:

::

:

:
:

:
::::

:

:

:
:

:
:

:

:::

:
:
: :

:

o

:

:

: :

:

:::

:

:

::
::

:

:

:

:

:

:

:

: : :

:

::
:

o

o o

o:

s

:

: :

: :
:

: :
:::
:

:

:

:

:

:

: ::

:
:

:

::

::

:

:

:

:
:

:
:
:

:

: :
:

:

o

o

o
o o

o

o

o

o

:
:

:

:

: :

:

:
:

: :

:

:
:

::

:

: :
:

:

:

:

:
:

:

: :

:

o

:

:
:

: :

: :

:

o

:
:
:
:
:

:
:

:
:

:

:

:

:

:

:

:

:

:

:

: :
:

o

o

:

:

:

:

:

oo

:

:

:

:

:

:

: :

o

:
:
:
:

:

:

::
:

::::::
:
:
:

:
:

:

:
:

:

:

:

: :

:

:

: :

:

: :
:
::

:

:
::

:

:

:

::

:

:

o

o

o
o
:

:

:

:

:

:

:

:: :

:

:

:
:

:

:
:

:

:

:

: :

:

:

:

:
:

:

:

:
:

:

:

:

:

:

:

:

:

:

:

:

: :

:

:

:

:
:

:

:

:

: : :

:

:

:

:

:

:

:

::
:

: :

: :

::

:

:

:
:

:

:

:

:

:

: :

:

: :

:

:

:

:

:

:
::

: : :

:

::

:
:

:

: :

:

::

:

:

: :

:

:
:

:

:

: : :

:

:

: :

:

:

:

:
::

:

:

:

:

:

:

:

:
:
: : :

:

:

:

:

:
:

:

:

:

:

:

::

:

:

:

:

::

:

::

::

:

:

:

:

:
:
:
:

:
:

:
:

:

o

o
o

o

o

:

:

:

:
:

:

:

: :

:

::

:

:
:

: :

:

:::
::

: :
:

:

:
: :

: :
:

::

:

:

o

:
:
:

:
:

:

:

:

:

:

:

: :
:

::
:

::

: ::

:

:
:
:

oo

o

o o

o

o

o
oo

o

o

o

o

o

o

oo

ooo

o

oo

o

o

o

o

o

o

o

:

:

:

:

:

:

:

:

:
:

:

:

:
:

:

:

:

:

:

:

:

:
:

:
:

:
:

:
:

:
:

$

$

$

::

:

:

:

::::

:

: ::: :

:

: : ::

:

: :
: :

:
:

:

:

:
:

:
:

:
:

:
:

:
::

:

: :
:
:
:::

:

:

:
:

: : :
: :
:
:

:

: :

:
::

: : :

:

:
:

:

:

:

:::
:

:
: :

:
:

:

:

:
:

::

:

:
:

:

:

:

:

:
:
:

:

: :

:
:

:

:
:

:

o

:

:

:
:

:

:
:

::

:

:

::

: :
:

:

:

:

:

:

:

:

:

:

:

:

::

:

:
:

:

::

: :

:

: :

: ::

:

:

:

:

:

:

:

::

:

::
:

:

:
:

::

:

:

:

:

:

:

:

:

:

:

:

:

:

:

:

:

:

::

:

o

oo o

o

oo

o

o o

o

o o

o

o o

oo

o o

o

o

oo

oo

oo o

o

oo ooo o

o

o

o

o

o

oo

oo

o ooo

o

ooo o

o

o o

o o

oo oo

o oo o o

o oo

oo oo

o

o o o

oo

o

o

o

o

o o

o

oo

o oo o

oo

o o o

o

oo o

o

ooo oo

ooo o o oo oooo o

o o oo

oo

o

o

o

oo oo o o

o

o

oo o oo

o o

o o

o

oo ooo

o
o o

oo oo

o
o o

ooo

o o

oo

o oo o

o oo

o

o o
o

o

o o

o o

oo

o

o
o

o

o

o

o
o o

o

o
o oo

o
o

o

o

o

o oo

o

o
o

o

o

oo

o

o

o

o
o

o

o

o

o

o

o

o

o

o

o o

o oo o

o

o

o

o
oo

o o o

oo o

o
o

ooo

o

o
o

oo

o o oo o o

o

o

o

o
o

o

o

o

o

o

o

o

o

o

o

oo o

o o

o

o

oooo

oo

oo

oo

o

o

oo

oo oo

o

o

o

o

o

o

o o

o

o

o o

o

oo

o

o

o o

o oo
o

o

o

s

oo o o

o

o

oo

oo

ooo oo o

oo oo oo

oo

o o

o o o

oo

o o

o o

o oo o o

o

o

oo

o

o

o o

s

o

o o o

o

o

o

o o

o

o o

oo

o oo

o o

o

o

oooo

o

o

o o

o o

oo

oo o o

o

o

o

o o

so

o o

o

o

o

o

o

o

o

o

o

o oo

o

o o

oo

o

oo

ooo

o o o o

o

o

o

o ooo

o oo o

o

oo

oo

o o o o

ooo

o

o oo o

o

oo o

o

o oo o

o

o

o

o o

o

o

o oo o o

o

o o

oo

o

o

o

o

o

o

o o

oo

oo ooo

oo oo

o

o

o
oo

o o

oo

o o

o

o

o o

oo o oo o

o

o ooo o o o oo

o

o o

o

o

oo oo

o

o

oo o

oo o

oo

oo

o

oo

o o

o

o

o

o o

o

o

oo oo

oo

oooo

o

oo o

o

oo

o o

o

ss o

o

o

o

o

s

oo

o

o

so

o oo o

oo

oo o

o

oo

o

o o

o

o o

o

o o

ooo o o

o o o

oo

o

o o

o o

oo

o

o

o oo

o

oo

oo o

o o

ooo o o

oo

o

o

o o o oo o

o

o

ooo

oo

o

o

o oo o o

o o

o

ooo oo

o o

oo

o

o

o

o o

o

o

o

o

o o

o

o o

o
o

o

o

o
o

o
o

ooo oo

oo

oo

o

o

o o

o

o

o

ooo

o

o o

o

o

o o

o

o

o
o

oo

o
o

o

o o

o

o

o
o

oo

o

oo

o

o

o

o
o

o

o

o
o
o

o

o
o
o

o

o

o oo ooo o

o o

oo oo o

oo

o

o

oo o

o oo oo o

o

o o

o o

o o

o

o o

o

oo

oo o

o o

o o

o o oo o

o

o o

o

o

o

o o oo

ooo o

o

o

o

o

o
o

ooo o

o

o

o

o

oo

o

o

o

o

o

o o
o

oo o

o

o

o

oo

o

o

o

o o

o o

o

o

oo oo oo o

o

o

o

o o
o

o o

oo o o

o
o

o

o1565 25

30 601629
22

2212 33 2524 1520 10
3020 3129 25

11 40 1515 32
18

30

25

45

14
3522 16 1535

80

4030 30 50

87

3020

20 3818

20
30 30

42
1125 45

20

12

20 271530 43

21

54
14

3712 1518 70 70

1557
33

10 61

13
30

25 2415
18

38
35

2814
16

20
33

30 50 15
2430 112515 31

40

4036 27

26
25

4025
26

22

345

14

20 32
15 2020 34

1534 4435 3
915 40

25 10 2210 202 4 27

50
3520

20

20

30

30

20

153020

35 15

2035

45 25 10 1540
30

3035

3555 20
55

40

37 45

25

45
20

131028
1020

3334
60

29 8 18 4023

16 70
7 55

206 1513 4515 1128 27 52532
4515 5010 2517

1927
40910 45

10 30
26 24

37 5037 70

12
16

24255
515 10 102 30

16

26
20

30 45356 15
7 1315

10 9
30

2410

18 30
16806 49 164

448522
55 1510

20
105

29 16 54
32 32

87

155227 20 17310
1033

1345 8
32581 32520

29 632143 6

6

5

10
7535 205

5045 6528 25
36

37
1045

3290

64 53 57 65

13 36
30 44 50

32
35

3285 2040 404310
36 254050 68 37

45 20 27 42
45 3140 45

33 30

50 25
11

24 1746 12

1915
67 24

12

55
52

13 3
555

25

14
45

272014 20 1545 30

50

45
45

403036

2145

5
3030 51 2123 10

25

393225 24 3010

20 4832 71917

30

15

4712 15

9285

12

1221

31

8

15 10
23

15 4010
16

17

20 58 14 8
142424

21
1315

35 301715 15
23

16 45102040 2060 1425

12

49 2023 915
5 1940 40

2025 3020
550 40454

921 18 12

12

15
2155 25 1513

1641 12
40 30

2520

35

1527 30

15

34 25
352525 10 20 22

42
20

3018 23 23

30
27

50 3960 7

883216
5 2130

15
1515 30

42

35

20
3025

25
30

60
49

60
10 1010

35 5120
50 50 30 10 20

23 2025 60
6030 30

50

27 2225

5

35
3530

103024 254054 31
80 4251 1025 5 1045 1225

3050 30
20

2050 15
3015 20

50

2010 15
1535 3820 3520 20

25

15 17

20

2020 15
40

201525 20

30

30

1535

30 25 72
20 9

30 303020 1530 30

10
10 70

20
10

35
20

20

152025

35
2030

302535 3040 1630
4530 15

10

1530
15

10 15

25
15 15

15 20

10

20

20

20

30 565

10

20

5

20

20 1527

2020 45

1525 20
15

25

30

10 2015

2020

30

3010

530 20

5

30

40

3030
52025

3030

20

20

15 30

1510
15 10

15

30

75

15

34

15

12

20

70

20
2020

20
35

40

12
50

10 30

30
501020 2025

2050

2534

2015 10

30

1050

10

10

1010

15

30

15

222

36 214 2429 10 7

15

1216 40 44

4 313

3

29

4

204

11 53 2

20

11

35

4

21
9

32

35
721

23 32
36

3627
47

421821 35
14

67 1931
42 5

23
29

1921
63

13
37

639 2612
4

4

24 42

29
51

53429 5439
21 1918239 31 1812

21
26 16

4529 830 1013

29

8

16 34 38

819 118 10 2111 2219 20 55
22 10

14

23
26

919
9 9

831 10

18

23
6

20
20

3

19

4
14

25

7 16

35

50

40
3023 1510 46 4555

25

29
5 16

5 13
177 9 9

18 3

18 1
3 7

24 365

3030 -98

18 22 4122

20

20 720

128

30

30
26 27

35 436 4945

10

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

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
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

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

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

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

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
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
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
ââ

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

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

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
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
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
ââ

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

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
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
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

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
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

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

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
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

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
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

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

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
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

ââ
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
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

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

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

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

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
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

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
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
ââ

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

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
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

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
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
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
ââ

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

ââ

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

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
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
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

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
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

ââââââ

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

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

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

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

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

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

:( (

(:

(

$

$

$

$

$

$

$

$

$

:

(

(

(

(

(

:(

:

: &:( :

: &&

: :

(

::

: :: :

: :

:

:(

&

:: : :

&&&

: &:: :

(

: :

::

(

: :

)

:

:: : :

:

:

: :::

: (

:

:

:

: :

:: : :: : ::

) ::

) &

:&

:

: :&

:

&

:

: :: :

::

:: :::: :

: : : :

: :

::

:

:

:
:

:

:

: :

:

: :

:: ::

: :

:

::

: : : ::

::

: ::: : :

:

:: :

:

:

::

: ::

::

:

:

:

:

:

: :

:

: )

:

: :: ) )

::

: :: )

))
)

): ))

) )

)

)) :

) ))

) )

))

) ))

)

)

)
:

)

)

: : )

)): )

:

:

)

)

)

)

)

: )

: :

: ::

): : )

)
): ::)

: )

)

:

:: :

: ):

) :

:

:

: :

:: : :): :

::

:):

: :: ::: :

: :: : :

: : :

:

:

:

:

::

:

:

:

:

: : ::

: :

: ::

:

: :

:

:

$

:

:

$

:

:

)
)

)

:

:

:

:

:

:

:

:

:

:

:

:

:

:

:

:

:

:

$
$

&

(

::

:
:

:

:

:

:

:

:

:

:

:

:

:

:

:

:

:

:

:

:

:

:

:

:

$
$

:

:

:: ::

:

:

:

$

Y

P

S

N

M

N'

L

V

U

O D

Q

R

C

B

A

W

T

X

L'

M'

O'

S' P'

Q'

T'

R'

V'

U'

W'

X'

Y'

!R

!R

!R

!R

!R

!R

!R

!R

!R

!R

!.

!.

!.

!.

!.
!.!.!.

!. !.

!.

!.
!.!.
!.

!.!.
!.!.!.

!.
!.

!.

!.

!.
!.!.
!.

!.

!.!.
!.

!.

!.!.

!.
!.

!.
!.

!.!.
!.!.

!.

!.

!. !.

!.

!. !.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!.

!. !.

!.

!.

DDeellaa
mmaarr  

        
        

        
MM oo

uu nn
tt aa ii

nnss
MMeeaa

ddoo
ww  VVaall lleeyy   MM

oouunn
ttaa iinn

ss

CClloovveerr  MMoouunnttaaiinnss

BBuurrnn tt
  SSpp

rr ii nn
gg ss

  RR
aa nn

gg ee

Chief Range
Chief Range

BBllaacckk  CCaannyyoonn  RRaannggee
HHiigghhllaanndd      R Raannggee

PPiioocchhee    HHiillllss

BBrriissttooll        RRaannggee

WWeesstt      RRaannggee

WWi il lssoonn                      CCrreeeekk                RRaannggee

FFoorrttiiffiiccaattiioonn                    RRaannggee

R  
a  

i  l 
 r  

o  
a  

d  
    

    
    

    
  V

  a
  l 

 l  
e  

y

R  
a  

i  l 
 r  

o  
a  

d  
    

    
    

    
  V

  a
  l 

 l  
e  

y

FFaa
ii rr vv

ii eeww
      RR

aa nn
gg ee

EEaasstt      PPaahhrraannaaggaatt      RRaannggee

JJuummbblleedd  HHiillllss

MM oo
uu nn

tt     II
rr ii ss

hh     
RR aa

nngg
ee

PPaahhrraannaaggaatt              RRaannggee

HHiikkoo    RRaannggee

H Hi ik koo          RRaannggee

SSoouutthh  P Pa ah hrroocc  RRaannggee

BBuullll  VVaalllleeyy  MMoouunnttaaiinnss

TTuullee  SSpprriinngg  HHiillllss

DDeesseerrtt  HHiillllssEEaasstt  DDeesseerrtt  RRaannggee

SShheeeepp        RRaannggee

PPiinnttwwaatteerr          RRaannggee

Mountain   Home   Range
Mountain   Home   Range

SS  
nn  aa

  kk  
ee    

        
        

        
        

        
    RR

  aa   
nn   gg

  ee

CCoonnffuussiioonn                    RRaannggee

Coyote KnollsCoyote Knolls

SSwwaasseeyy  MMoouunnttaaiinn

CCoonnffuussiioonn            RRaannggee

HHoo
uuss

ee     
        

    RR
aa nn

gg ee

DDee
eepp

        
  CC

rr ee ee
kk     

        
RR aa

nngg
ee

Middle    Range

Middle    Range

Fish Springs Range
Fish Springs Range

Clifton Clifton 
HillsHillsRRuu

bb yy
  MM

oouu
nn tt aa

ii nnss

MM aa
vv ee

rr ii cc
kk   SS

pp rr ii
nnggss

  RRaannggee

SSaanndd          
          

        
        

  SSpp
rr ii nn

gg     
        

        
        

    VV
aa ll ll

ee yy

GG aa
rr dd ee

nn     
        

        
        

        
    VV

aa ll ll
ee yy

TTiikkaabboooo                                      VVaalllleeyy

WW
ii ll dd

  HH
oo rr

ssee
  VVaa

llllee

yy

Dia
mo

nd
    

    
   V

all
ey

Dia
mo

nd
    

    
   V

all
ey

HHuu
nnttii

nngg
ttoonn

        
        

        
        

VV aa
ll ll ee

yy

M Mo ou un ndd                      VVaalllleeyy

Ru
by

    
    

    
    

    
 Va

lley

Ru
by

    
    

    
    

    
 Va

lley

Ru
by

    
    

    
   V

all
ey

Ru
by

    
    

    
   V

all
ey

Lo
ng

    
  V

alle
y

Lo
ng

    
  V

alle
y AAnntteellooppee                                    VVaalllleeyy

Railroad            Valley
Railroad            Valley

CChheerr
rryy    

        CC
rreeee

kk    
      RR

aann
gg ee AAnntteel looppee            RRaannggee

KKeerrnn      MMoouunnttaaiinnss

RR  ee  dd    HH  ii  ll  ll  ss

EEggaan n            RRa an ng gee

DD uu
cc kk

  CC
rr ee ee

kk   RR
aa nn

gg ee

SS    
cc    

hh    
ee     

ll     ll
        

        
        

        
        

        
        

CC   
  rr     

ee     
ee     

kk     
        

        
        

        
        

    RR
    aa

    nn
    gg

    ee

EE   
gg   aa

  nn   
        

        
        

  RR  
aa   nn

  gg  
eeWW hh

ii tt ee
        

    PP
ii nn ee

        
RR aa

nn gg
ee

PPaa
nncc

aakk
ee     

        
        

      RR
aann

ggee

DDi ia ammoonndd                                  MMoouunnt taai innss

Bu
ck 

  M
ou

nta
in

Bu
ck 

  M
ou

nta
in

BB uu
tt tt ee

        
        

  MM
oo uu

nn tt aa
ii nn ss

PP  aa
  nn  

cc  aa
  kk  

ee    
        

        
  RR

  aa   
nn   gg

  ee

GGrr
aann

tt      
      RR

aann
ggee

HHoorrssee            RRaannggee

WWaahh          WWaahh          MMoouunntta ai in ns s

WWaahh      WWaahh      MMoouunnttaaiinnss

Indian       Peak     Range

Indian       Peak     Range

WWhhiittee                RRoocckk          MMoouunnttaaiinnss

GG oo
ll dd ee

nn   GG
aa tt ee

  RR
aann

ggee

SSeeaa
mmaann

        
    RR

aann
gg ee

NNoo
rr tt hh

    PP
aa hh

rr oo cc
    RR

aann
ggee

Wo
rth

ing
ton

  M
ou

nta
nis

Wo
rth

ing
ton

  M
ou

nta
nis

QQuuiinnnn      CC
aannyy

oonn  
    RR

aann
ggee

GGrroooomm      RRaannggee

Newark       Valley

Newark       Valley

LL oo
nn gg

        
        

        
  VVaa

ll ll eeyy

BB  uu
  tt  tt

  ee  
        

        
        

        
    VV

  aa   
ll   ll   

ee   yy

PPlleeaassaanntt                        VVaalllleeyy

LL ii tt
tt ll ee

        
    SS

mmoo
kkyy   

        
  VV aa

ll ll ee
yy

JJaakkeess                        V Va al ll le ey y

WWhhii tt ee
        

        
        

        
        

  RR
ii vv ee

rr       
        

        
        

        
        

VV aa
ll ll ee

yy

Lit
tle

    
 Sm

ok
y  

   V
alle

y  
   S

ou
th

Lit
tle

    
 Sm

ok
y  

   V
alle

y  
   S

ou
th

Du
ck

wa
ter

    
  V

all
ey

Du
ck

wa
ter

    
  V

all
ey

SS     
nn     

aa     
kk     

ee     
        

        
        

        
        

        
        

  VV
    aa

    ll   
  ll     

ee     
yy

De
ep

    
 C

ree
k  

   V
all

ey
De

ep
    

 C
ree

k  
   V

all
ey

E s c a l a n t e         D e s e r tE s c a l a n t e         D e s e r t

SS    pp    rr    ii    nn    gg                                VV    aa    ll    ll    ee    yy

AA nn
tt ee ll

oo pp
ee     

    VVaa ll llee
yy

P  i  n  e                   V  a  l  l  e  y
P  i  n  e                   V  a  l  l  e  y

WW
  aa   

hh     
        

  WW
  aa   

hh     
        

  VV  
aa   ll   

ll   ee  
yy

Duck Duck 
Creek Creek 
ValleyValley

WWhhiittee            RRiivveerr                          VVaalllleeyy

S  
t  e

  p
  t 

 o 
 e 

    
    

    
  V

  a
  l 

 l  
e  

y

S  
t  e

  p
  t 

 o 
 e 

    
    

    
  V

  a
  l 

 l  
e  

y

S  t  e  p  t  o  e               V  a  l  l  e  y  
S  t  e  p  t  o  e               V  a  l  l  e  y  

S  p  r  i  n g                    V  a  l  l  e  y

S  p  r  i  n g                    V  a  l  l  e  y

Mormon   Mountains

Mormon   Mountains

Pahranagat         Valley

Pahranagat         Valley
Mu

les
ho

e  
    

Va
lley

Mu
les

ho
e  

    
Va

lley

D 
r y

    
   L

 a 
k e

    
   V

 a 
l l 

e y
D 

r y
    

   L
 a 

k e
    

   V
 a 

l l 
e y

Monotony       Valley
Monotony       Valley

Pa
hro

c  
    

 Va
lley

Pa
hro

c  
    

 Va
lley

De
lam

ar 
    

    
 Va

lle
y

De
lam

ar 
    

    
 Va

lle
y

Me
ad

ow
    

    
  V

alle
y

Me
ad

ow
    

    
  V

alle
y

PPaappoooossee  RRaannggee

EEmmiiggrraanntt                    VVaalllleeyy

Desert           Valley

Desert           Valley

Coyote       Spring        Valley

Coyote       Spring        Valley

EEi igghhttmmi il lee                    VVaalllleeyy

Co
al 

    
    

 Va
lley

Co
al 

    
    

 Va
lley

Lake           Valley

Lake           Valley

H  a  m  l  i  n                 V  a  l  l  e  y

H  a  m  l  i  n                 V  a  l  l  e  y

Yucca    Flat
Yucca    Flat

FF ii ss
hh     

      CC
rr eeee

kk     
      RR

aann
ggee

HHoouussee      R Raannggee

BBuurrbbaannkk      HHiill llss

T u
 n 

n e
 l  S

 p 
r i 

n g
  M

 t n
 s

T u
 n 

n e
 l  S

 p 
r i 

n g
  M

 t n
 sLL    ii    mm    ee    ss    tt    o o    nn    ee                HH    ii    ll    ll    ss

Co
ng

er 
 Ra

ng
e

Co
ng

er 
 Ra

ng
e

Snake Valley

Snake Valley

CC   
aa   vv

  ee   
        

        
        

        
        

        
        

  VV
  aa   

ll   ll   
ee   yy

Lake         Valley
Lake         Valley

Spring Valley
Spring Valley

Sixm
ile  

     
Flat

Sixm
ile  

     
Flat

Three      Lakes      Valley
Three      Lakes      Valley

MMeeaadd
ooww

          
    VV

aa ll ll ee
yy       

        
        

    WW
aasshh

MMeeddiicciinnee  RRaannggee

CC  uu  rr  rr  ii  ee        HH  ii  ll  ll  ss

Ferguson
Desert

HAMLIN
VALLEY 6-5

Cobb Creek
No. 11-1

Fletcher
No. 1

Hamlin
Wash
No. 19-1

Kriac
No. 3

Hamlin
Wash No.
18-1

STATE 1

GOULD
STATE 3

STATE 2

GOULD
STATE 1-16

NEEDLE
STATE 1

NEEDLE
ANTICLINE
1-B

NEEDLE
ANTICLINE
1-A

Outlaw
Federal No. 1

ANTELOPE
VALLEY
ST 36-22

PYRAMID
OIL AND
GAS 1

BURBANK 1

STATE 1

HORSE
HEAVEN
ST 16-21A

HORSE
HEAVEN
ST 16-21

FEDERAL 1

Baker
Creek
No. 12-1

ESKDALE
1-25

BAKER
CREEK
UNIT 1

ESKDALE
FED
1-23

FEDERAL
1-28

MAMBA
FEDERAL
43-22

MAMBA
FEDERAL
31-22

ASP
FEDERAL 1

BISHOP
SPRINGS
UNIT 1

COBRA
STATE 1

COBRA
STATE
12-36

COBRA
FEDERAL
42-35

DESOLATION
FED 29-1

DESOLATION
UNIT 1

FEDERAL
1-9

DESOLATION
1-12

GOULD
FEDERAL 1

ENSIGN
1-16

Hamlin
Wash No.
18-1R

County Line
Unit No. 1

Illipah
Federal
No. 1

Gose "BZ"
Federal "A"
No. 1

Gose "EU"
Federal
No. 1

Russell-
Federal
No. 1

Standard
of California
Federal No.

Long Valley
Federal No. 34-1

Adobe
Federal
No. 19-1

White
River
No. 2

Federal
No.
1-5

Conoco
Federal
No. 19-1

Long Jevity
Federal
No. 1

Shields
Federal
No. 13-22

Garden
Valley
No. 1

Foreland
Federal
No. 1-28

Apache/Frontier
Exploration
Federal No. 22-13

Titan
Federal No.
1-9

Federal
No. 54X-36

Nevada-Federal
"BS" No. 1

Sidehill
Pass Federal
No. 18-13

water

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs
QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs
QTs

QTs
QTs

QTs

QTs

QTs

QTs

QTs
QTs

QTs

QTs

QTs

QTsQTs
QTs

QTs
QTs QTs QTs

QTs

QTs

QTs QTs

QTs

QTs

QTs
QTs

QTs

QTs

QTs

QTs

QTs
QTsQTs

QTs

QTs

QTs

QTs QTs

QTs

QTs

QTs

QTs

QTs

QTs
QTs

QTsQTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs
QTs

QTs

QTsQTs
QTs

QTs

QTs

QTs
QTs

QTs

QTs

QTs QTs QTs

QTs

QTs

QTs

QTs
QTsQTs

QTs

QTs

QTs

QTs QTs

QTs

QTs

QTs

QTs

QTs

QTs
QTs

QTs

QTs
QTs

QTs

QTs

QTs
QTsQTs

QTs

QTs

QTs

QTs QTs

QTs

QTs

QTs

QTs

QTs QTs

QTs QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs
QTs

QTs

QTs

QTs

QTs

QTs
QTs

QTsQTs

QTs

QTs

QTs

QTs

QTs
QTs QTs

QTs
QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs QTsQTs

QTs

QTs

QTs

QTs

QTs
QTs

QTs

QTsQTs

QTs

QTs

QTsQTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs
QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTsQTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs
QTs

QTs

QTs

QTs

QTs
QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTs

QTb

QTb QTb

QTb

QTb
QTb

QTb

QTb
QTbQTb
QTb

QTb

QTb

QTb

QTb

QTb

QTb

QTb

QTbQTb

QTb

QTb QTbQTbQTb QTb
QTb QTb

QTb
QTb QTb QTb

QTb

QTb

QTb

QTb

QTb
QTb

QTb QTb

QTb

QTb

QTb

QTb
QTb

QTb

QTb

QTb

QTb

QTb QTb

QTb QTb

QTb

QTb

QTb

QTb

QTb

QTb
QTb

QTb QTb

QTb
QTb

QTb

QTb QTb

QTb

QTb

QTb

QTb

QTb

QTb

QTb

QTb

QTb

QTb

QTb

QTb
QTb

QTb
QTb

QTb

QTbQTb

QTb

QTb
QTb

QTb

QTb

QTb
QTb

QTb

QTb

QTb
QTb

QTb

QTb
QTbQTb

QTb
QTb

QTb
QTb

QTb QTb QTb

QTb

QTb
QTb

QTbQTbQTb

QTb

QTb

QTb

QTb

QTb

QTb

QTb
QTb

QTb

P*c

K^s

P*c

K^s

K^s

P*c

P*c

P*c
P*c

P*c

P*c

P*c

P*c

K^s

P*c

P*cK^s

P*c

K^s

K^s

P*cK^s K^s

P*c

P*c

P*c

P*c

P*c

P*c

P*c

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*cP*c

P*c

P*c

P*c
P*c

P*c

P*c

P*c

P*c

P*c

K^s

P*c
P*c

P*c

P*c

P*c

P*c

P*c

P*c

P*c
P*c

P*c

P*c

P*c
P*c

P*c

P*c

P*c

P*c

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*c
P*c

P*c
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*c

P*c

P*c
P*c

P*c
P*c

P*c
P*c

P*c

P*cP*c

P*c

P*cP*c

P*c

P*c

P*c
P*c

P*c

P*cP*c

P*c

P*c

P*c P*c
P*cP*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

P*c

P*c P*c
P*c

P*c

P*c

P*c

P*c P*c P*c

P*c

P*c P*c

P*c

P*c

P*c

P*c P*c

P*c

P*c P*c

P*c P*c

P*c

P*c
P*c

P*c
P*c

P*c

P*c

P*cP*cP*c
P*c

P*c

P*c
P*c P*c

P*c

P*c

P*c

P*c

Tos

QTb

P*c
P*c

P*c

P*c

P*c
P*c

P*c

P*c

P*c

P*c

P*c

P*c

P*c

P*c

P*c

P*c

QTb

P*c
P*c

P*c

P*c

P*c

P*c

P*c
P*c

P*c

P*c

P*c

P*c

P*c

P*c

P*c

P*c

P*c

P*c

P*c

P*c

P*c

P*c

P*c P*c

P*c

P*c

P*c
P*c

P*c

P*c

P*c P*c

P*c

P*c

P*c

P*c P*c

P*c

P*c

P*c

P*cP*c
P*cP*c

P*c
P*c

P*c

P*c
P*c

P*c
P*c

P*c
P*c

P*c

P*c P*c

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*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

P*cP*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*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

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*cP*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

P*c

P*c

P*c

P*c

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*cP*c P*c

P*c

P*c

P*c

P*c

P*c P*c
P*c

P*c

P*c

P*c

P*c

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*cP*c

P*c

P*c

P*c

P*c
P*c

P*c

P*c

P*c

P*c

P*c

P*c 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*cP*c

P*c

P*c

P*c

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*cP*c

P*c

P*c

P*c

P*c
P*c

P*cP*c P*c P*c

P*c
P*cP*c

P*c

P*c

P*cP*c

P*c

P*c

P*c

P*c

P*c

P*c
P*c P*cP*c

P*c
P*c

P*c

Ms

Ms

Ms

Ms

Ms

Ms

Ms

Ms

Ms

Ms

Ms

Ms

Ms

Ms

Ms

Ms

Ms

Ms

Ms

Ms

Ms

Ms

Ms

Ms

Ms

Ms
Ms

Ms

Ms

Ms

Ms

Ms

Ms

Ms

Ms

Ms

Ms

Ms

Ms

Ms

Ms

Ms Ms

Ms

Ms
Ms

Ms Ms

Ms

Ms

Ms

Ms

Ms

Ms

Ms

MsMs

Ms

MsMs
Ms

Ms
MsMs

Ms

Ms

Ms

Ms

Ms

Ms

Ms
MsMs

Ms

Ms

Ms

Ms

MsMs

Ms

Ms

Ms
Ms

Ms

Ms

Ms
Ms

MsMs

Ms

Ms
Ms

Ms

Ms

Ms

Ms

Ms

Ms

Ms

Ms
Ms

Ms
Ms

Ms

Ms

Ms

Ms

Ms

Ms Ms

Ms

Ms

Ms

Ms

Ms

Ms

MsMs

Ms

Ms

Ms

Ms

Ms

Ms

Ms
Ms

Ms

Ms

Ms
Ms

Ms

MsMs

Ms

Ms

Ms
Ms

Ms

Ms

Ms

Ms

Ms
Ms

Ms

Ms
MsMs

Ms

Tv

Tv

TvTv

Tv

Tv
Tv

Tv

Tv

Tv
Tv Tv

Tv

Tv

Tv

Tv

Tv

Tv

TvTv

Tv

Tv
TvTv

Tv Tv

Tv

Tv

Tv
Tv

Tv

Tv

Tv

Tv

Tv

Tv Tv Tv

Tv

TvTv Tv

Tv
Tv

TvTv

Tv Tv

Tv
Tv Tos

Tos

Tv

Tv

TvTv
Tv

Tv

Tv
Tv

TvTv

Tv

Tv

Tv

Tv TvTv
Tv Tv

Tv
Tv

Tv

MOc

MOc
MOc

MOc MOc

MOc

MOcMOc
MOc

MOc

MOc

MOcMOc

MOc

MOc

MOc

MOc

MOc

MOc

MOc
MOc

MOc

MOc

MOcMOcMOc
MOc

MOc

MOc

MOcMOc

MOc

MOcMOc
MOc

MOc

MOcMOc
MOc

MOc

MOc

MOc

MOc MOc

MOc

MOc
MOc

MOc

MOcMOc

MOc

MOc

MOc

MOc

MOc

MOc

Ms

Ms

Ms Ms

MsMs

Ms

Ms

Ms

Ms

Ms

MsMs

Ms

Ms

Ms

Ms
Ms

Ms

Ms
Ms

Ms

Ms

Ms

Ms
Ms

Ms

Ms

Ms

Ms

Ms Ms

Ms

Ms

MsMs Ms
Ms

Ms

Ms

Ms

Ms
Ms

Ms Ms

Ms

Ms

Ms

Ms

K^s

K^s

K^s

K^s K^s

TJi

TJi TJi
TJi

TJi

TJi

TJi

TJi

TJi

TJi

TJi

TJi

TJi

TJi

TJi

TJi

TJi

TJi

TJi

TJi

TJi

TJi

TJi

TJi

TJi

TJi

TJiTJi

TJi

TJi

TJi

TJi
TJi

TJi

TJi

TJi TJi TJi

TJi

TJi

TJi

TJi

TJi

TJi
TJi

TJi

TJi
TJi

TJi TJi

TJi TJi
TJi

TJi TJi
TJi TJi TJi

TJi

TJi

TJiTJi

TJi
TJi

TJi
TJi TJi

TJi

TJi

TJi TJi TJiTJi
TJi TJiTJi TJi

TJi
TJi

TJi

TJi

TJi

TJi

TJi

TJi

TJi TJi
TJi

TJi
TJi TJi

TJi

TJi

TJi

TJi

TJi
TJi

TJi
TJi

TJiTJi TJi

TJiTJi

TJi

TJi
TJi

TJi
TJi

TJi
TJi

TJi

TJi

TJi

TJi

TJi

TJi

TJi

TJi

TJi

TJi

TJi TJi

TJi
TJi

TJi

TJi

TJi TJi

TJi
TJi

TJi

TJi

TJi

TJi

TJi

TJi

TJi

TJi

TJi

TJi

TJi

TJi
TJi

TJi

TJi

TJi

TJi

TJi
TJi

TJi

TJi
TJi

TJi

TJi

TJi TJi

Tv
Tv

Tv

Tv
Tv

Tv Tv

Tv
Tv

Tv

Tv
Tv

Tv

Tv

TvTv

Tv

Tv
TvTv

Tv

TvTv
TvTv

Tv

Tv

Tv

Tv

Tv

Tv

Tv Tv

Tv TvTv

Tv
Tv

Tv

Tv TvTv

Tv

Tv

Tv

Tv

Tv

TvTv

Tv

Tv

Tv
Tv

Tv

Tv

Tv
Tv Tv

Tv

Tv

Tv

Tv Tv

Tv

Tv Tv
Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv
Tv

TvTv

Tv

Tv

Tv

Tv

Tv

Tv Tv Tv TvTv

Tv TvTv
Tv Tv TvTv Tv Tv

Tv

Tv

Tv

Tv Tv

Tv

Tv
Tv

Tv
Tv TvTv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv
TvTv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv
Tv

Tv

Tv

Tv

Tv

TvTv TvTv
Tv

Tv

Tv
Tv

Tv
Tv

Tv
Tv

Tv

Tv

Tv

Tv
Tv

Tv

Tv

TvTv

Tv

Tv

Tv
Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv Tv
Tv

Tv

Tv

Tv Tv
Tv

Tv

Tv Tv

Tv
Tv

Tv
Tv

Tv Tv
Tv

Tv
Tv

Tv
Tv

TvTv

Tv

Tv

Tv

Tv

Tv

TvTv
TvTv Tv

Tv
Tv

Tv
Tv

Tv
Tv

Tv

Tv

Tv
Tv

TvTv

Tv Tv

Tv

Tv Tv

Tv

Tv

TvTv
Tv Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv
Tv

Tv

Tv

Tv Tv
Tv

Tv TvTv Tv Tv

Tv
Tv

Tv
Tv

Tv

Tv
Tv

Tv

Tv

TvTv

Tv

Tv Tv Tv
TvTvTv

Tv
Tv

Tv
Tv Tv

Tv
Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

TvTv
Tv

Tv

Tv

Tv

Tv

Tv

Tv
TvTv

TvTv
Tv

TvTv
Tv

Tv

Tv

Tv

Tv

Tv Tv

Tv

Tv

Tv

Tv

Tv

Tv
Tv

Tv

Tv

Tv

Tv

Tv

Tv Tv
Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv
Tv Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

TvTv

TvTvTv

Tv
TvTv

TvTvTv

Tv

Tv

Tv

Tv
Tv

Tv

Tv
Tv

Tv

Tv

Tv Tv
Tv Tv

Tv

Tv

Tv

Tv
Tv

Tv
Tv Tv

Tv
Tv

Tv
Tv

Tv
Tv

Tv

Tv

Tv

Tv

Tv

Tv
Tv

Tv

Tv

Tv

Tv
Tv Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

TvTv

Tv
Tv

Tv

TvTv

Tv

Tv

Tv

Tv

Tv

Tv

Tv
Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv
Tv

Tv

Tv Tv
Tv

Tv

Tv

Tv
Tv

Tv Tv

Tv Tv Tv

Tv
Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv
Tv Tv

Tv TvTv

Tv

Tv

Tv

Tv

Tv

Tv

Tv
Tv Tv

Tv

Tv

Tv

Tv

Tv

Tv
TvTvTv

Tv

Tv

Tv
Tv

Tv
Tv

Tv
TvTv Tv

Tv

Tv

Tv

Tv

Tv

Tv
Tv

Tv
Tv

Tv

Tv
Tv

Tv
Tv

Tv

TvTv
Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv
Tv

Tv Tv

Tv

Tv
Tv

Tv

Tv

Tv
Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

TvTv

Tv

Tv

Tv
Tv

Tv

Tv

Tv

Tv
Tv

TvTv
TvTv

Tv

Tv

Tv

Tv
Tv

Tv

Tv

Tv TvTv

Tv

Tv
Tv

Tv
Tv

Tv

Tv
Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv
Tv Tv

Tv

Tv

Tv
Tv

Tv
TvTv Tv

Tv

TvTv

Tv

Tv

Tv

Tv

Tv

Tv

Tv TvTv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv Tv
Tv

Tv

Tv
Tv TvTv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv
Tv

Tv

Tv
Tv

Tv

Tv

Tv

Tv

Tv

Tv

QTb

Tv

Tv
Tv

Tv

Tv

Tv

TvTv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv Tv

Tv

Tv

TvTv

TvTv

Tv

Tv

Tv

TvTv Tv

TvTv
Tv

TvTv

TvTvTv
Tv

Tv
Tv

Tv

Tv

Tv

Tv

Tv
Tv

Tv

Tv

Tv Tv

Tv Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv
Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

Tv

TvTv

Tv

Tv

Tv

Tv Tv

Tv

Tv

K^s

K^s

Tos

Tos

Tos

Tos

P*c

K^s

Tos

Tos

Tos

Tos

Tos

Tos

Tos

Tos

Tos
Tos

Tos Tos

Tos Tos

Tos
Tos

Tos

Tos

Tos

Tos

Tos

Tos

Tos

Tos

Tos

Tos

Tos

Tos

Tos

Tos

Tos

Tos

Tos

Tos
Tos

Tos

Tos

Tos

Tos

Tos
Tos

TosTos

Tos

Tos
Tos

Tos

Tos

Tos

Tos

Tv

Tv

Tv

Tv

Tv

Tv

Tv Tv
Tv

Tv
TvTv

Tv

Tv

Tv TvTv

Tv

Tv

Tv
Tv

Tv
TvTv Tv

Tv

Tv

Tv Tv
Tv

Tv

Tv
Tv

Tv

TvTvTv

Tv

TvTvTv
Tv

Tv

Tv

TvTv

Tv

Tv

Tv TvTv
TvTv Tv

Tv
Tv

Tv
Tv

Tv
Tv TvTv

Tv

TvTv Tv TvTv
TvTvTvTv

Tv
Tv

TvTv Tv
Tv

Tv

Tv

TvTv

Tv

Tv

Tv Tv

Tv Tv

Tv

Tv

Tv Tv
Tv

Tv

Tv
Tv

Tv

Tv

Tv
Tv Tv

Tos

Tos

Tos

TosTos
Tos Tos

Tos

Tos

TosTos

Tos
Tos

Tos

Tos

Tos

Tos

Tos

Tos
Tos

Tos

Tos

Tos

Tos

Tos

Tos

Tos
Tos

Tos
Tos

Tos
Tos

Tos

Tos

Tos
Tos

Tos

Tos

QTs

QTs

QTs

QTs

Tos QTs

Tos

TJi

Tos

Tv

Tv

P*c

Tv

P*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

MOcMOc

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

MOc
MOc

MOc

MOc

MOcMOc

MOc

MOc

MOc

MOc

MOc

MOc

MOc

MOc
MOc

MOc
MOc

MOc

MOcMOcMOc

MOc

MOc

MOc

MOc
MOc

MOc MOc

MOc

MOc

MOc

MOc MOc

MOc

MOc

MOc

MOc

MOc

MOc

MOc

MOc MOcMOc

MOc MOcMOc

MOc

MOc

MOc
MOc

MOc
MOc

MOc

MOc

MOc

MOc
MOc

MOc
MOc

MOc

MOc

MOc
MOc

MOc

MOc

MOcMOcMOc
MOc

MOc

MOc

MOc

MOc
MOc

MOc

MOc

MOc

MOc

MOc

MOcMOc

MOc

MOc MOc

MOc

MOc

MOcMOc MOc

MOc
MOc

MOc

MOc
MOc

MOc

MOc

MOc

MOc

MOc

MOc

MOc

MOc MOcMOc

MOc

MOc
MOc

MOc
MOc

MOc

MOc

MOc

MOc

MOc

MOc

MOc

MOc

MOc MOc
MOc

MOc

MOc
MOcMOc

MOc

MOc

MOc

MOc
MOc

MOc MOc
MOc

MOc

MOc
MOcMOc

MOc

MOc

MOcMOc

MOc

MOc

MOc

MOc MOc
MOc

MOc

MOc

MOc

MOc

MOcMOc

MOc

MOc

MOc MOc

MOc

MOcMOc
MOc

MOc

MOc

MOc
MOc

MOcMOc

MOc

MOc

MOc

MOc
MOc

MOc
MOc MOc

MOc

MOc
MOc

MOc

MOc

MOcMOc
MOc
MOc

MOc

MOc
MOc Tv

MOc MOcMOc

MOc

MOc

MOc

MOc

MOc

MOc

MOc

MOc

MOc

MOc MOc

MOc

MOc

MOc
MOc

MOc

MOc
MOc

MOc

MOc
MOc

MOc

MOcMOc

MOc

MOc

MOc

MOc

MOc

MOc MOc

MOc

MOc

MOc

MOc

MOc

MOc

MOc

MOc

MOc

MOc
MOcMOc MOc

MOc

MOcMOc

MOc

MOc

MOc

MOcMOc

MOcMOc

MOc

MOc
MOc

MOcMOc

MOc

MOc

MOc

MOc

MOc

MOc

MOc
MOcMOc

MOcMOc
MOc

MOcMOc

MOc

MOc

MOc

MOc

MOc

MOc

MOc

MOcMOc MOc

MOc

MOc

MOc

MOc

MOc

MOc
MOc

MOc
MOc

MOc

MOc

MOc MOc
MOc

MOc

MOc
MOc

MOc

MOc

MOc

MOc

MOc MOcMOc

MOc

MOc

MOc

MOc

MOc

MOc

MOc

MOc

MOc

MOc

MOc MOc

MOcMOcMOc

MOc

MOc

MOc

MOc

MOc

MOc
MOc

MOc

MOc
MOc

MOc

MOc

MOcMOc
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

MOc

MOc

MOc

MOc

MOcMOc

MOc

MOc

MOc

MOc

MOc

MOc

MOc

MOc

MOc

MOc

MOc

MOc
MOc

MOc MOcMOc

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

MOcMOc

MOcMOc

MOc MOc

MOc

MOc

MOc

MOc

MOc

MOc

MOc

MOc

MOc

MOc

MOc MOc

MOc

MOc

MOc

MOc MOc

MOcMOc

MOc

MOc

MOc MOc
MOc

MOc MOc
MOc

MOc

MOc MOcMOc

MOc

MOc

MOc

MOc

MOc
MOc MOc

MOc

MOc

MOcMOc

MOc

MOc

MOc

MOc

MOc

MOc

MOc

MOc
MOc

MOcMOc
MOc

MOc

MOc
MOc

MOc

_c

_c

MOc

P*cMOc

MOc

MOc

MOc
MOc

P*c

MOc

MOc

MOc

MOc
P*c

MOc

MOc

MOc

MOc

MOc

P*c _c_c

MOc P*c

MOc

_c

P*c

P*c

P*c

P*c

P*c

MOc

MOc

MOc

_c

MOc
MOc

MOc
MOc

MOc

_c

_p_s

_c

_c

_c

_c

_c

_c

_c

_c

_c

_c

_c

_c

_c

_c

_c

_c

_c _c
_c

_c

_c

_c

_c

_c
_c

_c_c

_c

_c

_c

_c
_c

_c

_c

_c_c

_c

_c

_c

_c

_c

TJi

_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

_c
_c

_c

_c

_c_c

_c

_c

_c

_c

_c

_c

_c

_c

_c

_c

_c

_c

_c

_c

_c

_c

_c

_c

_c

_c

_c

_c

_c

_c_c
_c

_c

_c

_c
_c

_c

_c

_c

_c
_c

_c

_c

_c

_c
_c

_c

_c

_c

_c

_c

_c

_c

_c

_c
_c

_c

_c _c

_c

_c
_c

_c

_c

_c

_c

_c

_c

_c

_c

_c _c

_c
_c

_c

_c

_c

_c

_c

_c

_c

_c

_c

_c
_c

_c

_c_c

_c

_c
_c

_c

_c

_c

_c
_c _c

_c

_c

_c

_c

_c

_c

_c

_c

_c
_c

_c

_c

_c _c

_c

_c

_c

_c

_c
_c

_c

_c

_c

_c_c

_c

_c
_c

_c

_c

_c

_c

_c

_c

_c

_c

_c

_c

_c

_c

_c _c

_c

_c

_c

_c

_c

_c

_c

_c

_c
_c

_c

_c _c

_c
_c

_c

_c

_c_c

_c

_c

_c

_c

_c

_c

_c

_c

_c

_c

_c_c

_c

_c

_c

_c

_c

_c

_c

_c

_c

_c

_c
_c

p_m

p_m

p_m

p_m

p_m

p_m

p_m

p_m

p_m
p_m

p_m

p_m

p_m

p_m

p_mp_m
p_m

p_m
p_m

p_m

p_m
p_m

p_m

p_m

p_m

p_m

p_m

p_m

p_m

p_mp_m
p_m p_m

p_m

p_m

p_m

p_m

p_m p_m

p_m

p_m

p_m

p_mp_m
p_m

p_m

p_m

p_m

p_m

p_m

p_m

p_m

_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

_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

_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

_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

_p_s

_p_s

_p_s

_p_s

_p_s

_p_s

_p_s

_p_s

MsMs

MOc

P*c

K^s

K^s

K^s
K^s

K^s
K^s

K^s K^s
K^s

K^s

QTb

QTb QTb

QTbQTb
QTb

QTb

QTb

QTbQTb

QTb

QTb

QTb

QTb

QTb

K^s

K^s

K^s

K^s
K^s

K^sK^s

K^s

QTb

QTb

QTb

P*c

MOc

P*c

P*c

P*c

P*c

P*c

P*c

P*c

P*c

P*c

MOc

P*c

Tv

Tv

_c

MOc

_c

_c

_c

_c

MOc

Horse 
Camp 
Basin

RRAAIINNBBOOWW    
CCAANNYYOONN

BEAVER DAM BEAVER DAM 
FLATFLAT

ASHASH
CANYONCANYON

CLOVERCLOVER
CREEKCREEK

Bald
Mountain
Caldera

m

Ú

m

Ì

i

m

k

m

ú

ki

Í

Þ

Ì

Iron County

@2

Needles Needles 
RangeRange

Red L edges

§

R a
 i l 

r o
 a 

d  
    

    
    

    
    

    
   V

 a 
l l 

e y

White Pine County
Lincoln County

Millard County

Millard County

Juab County
Tooele County

White Pine County

Elko County

Lincoln County
Nye County

Nye County

White Pine County

Beaver County

Beaver County

Iron County

UTAH
NEVADA

Juab County

Iron County
W

ashington                    County

TT  RR  AA  NN  SS  VV  EE  RR  SS  EEZZ  OO  NN  EE

ZZ   OO  NN  EE

Great Basin
National Park

Modena

Garrison

Pioche

Panaca

Lund

Duckwater

Alamo

Saint
George

Ely

Caliente

Baker

PP AA NN CC AA KK EE         RR AA NN GG EE   

TT RR AA NN SS VV EE RR SS EE   ZZ OO NN EE

PP RR II TT CC HH AA RR DD SS       SS TT AA TT II OO NN

TT RR AA NN SS VV EE RR SS EE       ZZ OO NN EE

SS  AA  NN  DD          PP  AA  SS  SS

TT     II     MM    PP     AA    HH     UU     TT     EE

HH  EE  LL   EE  NN  EE

TT  RR  AA   NN  SS  VV   EE  RR  SS   EE
WW  AA   RR  MM    SS   PP  RR  II   NN  GG  SS

TT     RR    AA    NN    SS     VV     EE    RR     SS     EE
ZZ     OO     NN    EE

TT    II     MM     PP    AA    HH     UU     TT    EE
TT  RR   AA  NN   SS  VV   EE   RR   SS  EE

ZZ     OO     NN    EE

WW   AA  RR  MM    SS  PP  RR  II   NN  GG  SSTT  RR  AA   NN  SS  VV  EE  RR  SS   EE
ZZ  OO  NN   EE

TT  RR  AA  NN  SS  VV  EE  RR  SS  EEZZ  OO  NN  EE

Indian   Peak Caldera  ComplexIndian   Peak Caldera  Complex

C a l i e n t e  C a l d e r a  C o m p l e xC a l i e n t e  C a l d e r a  C o m p l e x

WhiteWhite
RiverRiver

CalderaCaldera

KaneKane
SpringsSprings
WashWash

CalderaCaldera

SeamanSeaman
VolcanicVolcanic
CenterCenter

Narrow CanyonNarrow Canyon
    

and and 
Boulder CanyonBoulder Canyon

CalderasCalderas

QuinnQuinn
CanyonCanyon
RangeRange
CalderaCaldera

Maynard
Lake
Fault

SS hh ee aa rr
PP aa hh rr aa nn aa gg aa tt

ZZ oo nn
ee

SPR7008X

SPR7007X

CAV6002X

184W101

SPR7005X

184W103

184W105

209M-1

181M-1

195 N09HE70
32BBA 1 BIG
SPRINGS SW

MAP ID 18291-3211  05/17/2011  JAB/BPPLATE 6.  HYDROGEOLOGY OF WHITE PINE AND NORTHERN LINCOLN COUNTIES, NEVADA,  AND ADJACENT AREAS, NEVADA AND UTAH

NEVADA UTAH

 MAP 
AREA

Study Area

112°0'0"W

112°0'0"W

113°0'0"W

113°0'0"W

114°0'0"W

114°0'0"W

115°0'0"W

115°0'0"W

119°0'0"W

119°0'0"W

118°0'0"W

118°0'0"W

116°0'0"W

116°0'0"W

117°0'0"W

117°0'0"W

110°0'0"W

110°0'0"W

111°0'0"W

111°0'0"W

42°0'0"N

41°0'0"N
41°0'0"N

40°0'0"N

40°0'0"N

39°0'0"N
39°0'0"N

38°0'0"N

37°0'0"N

36°0'0"N

120°0'0"W

120°0'0"W

120°0'0"W

41°0'0"N

38°0'0"N

37°0'0"N

Y Y'

X

W

W'

V

U

U'

Q
Q'

T

P'

N'

N

M D'

C'

V'

X'

114°30'0"W

114°30'0"W

115°0'0"W

115°0'0"W

113°30'0"W

113°30'0"W

115°30'0"W

113°30'0"W

115°30'0"W

40°0'0"N

40°0'0"N

40°0'0"N

39°30'0"N

39°30'0"N

39°0'0"N

39°0'0"N

38°30'0"N

38°30'0"N

38°0'0"N

37°30'0"N

37°30'0"N

115°30'0"W

114°0'0"W

114°0'0"W

113°30'0"W

115°30'0"W

114°0'0"W

114°0'0"W

40°0'0"N

38°0'0"N

Explanation
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
Open water

Regional Faults

$
(

:

Detachment Fault)

Normal Fault

Strike-slip Fault

Thrust Fault

Solid where known; Dashed where inferred; dotted where concealed. 
Bar and ball on downthrown side.

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

Solid where known; Dashed where inferred; dotted where concealed.   
Sawteeth on upper plate.

Solid where known; Dashed where inferred; dotted where concealed.   
Sawteeth on upper plate.

â â â â

â â â â

Quaternary Fault
Solid where known; Dashed where inferred; dotted where concealed. 
Bar and ball on downthrown side.

â â â â

â â â â

â â â â

:

Subsidiary Faults
Normal Fault
Strike-slip Fault
Thrust Fault

Detachment Fault

Solid where known; dashed where inferred; dotted where concealed; dotted and queried where uncertain.
Bar and ball on downthrown side.

Solid where known; dashed where inferred; dotted where concealed; dotted and queried where uncertain
Arrows show direction of movement.

Solid where known; dashed where inferred; dotted where concealed; dotted and queried where uncertain.
Sawteeth on upper plate.

Solid where known; dashed where inferred; dotted where concealed; dotted and queried where uncertain.
Hollow sawteeth on upper plate.

Quaternary Normal Fault
Solid where known; dashed where inferred; dotted where concealed; dotted and queried where uncertain.
Bar and ball on downthrown side.

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@@

:

:

(

)

$

Caldera Boundary
Solid where known; dashed where inferred; dotted where concealed

Cross Sections (Plates 4 and 5)

Major Road

!R Wells

Town_̂

!.
Oil Well Data Used in Cross Sections
Nevada:  Nevada Bureau of Mines and Geology
Utah: Utah Division of Oil, Gas and Mining

National Park Service

Transverse  Zone
(Zone of possible disruption)

Strike and Dip of Beds20
o

Overturned Beds7s

®
SCALE  1:250,000

Projection: UTM Zone 11 NAD83

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



ballashd
Typewritten Text
GBWN Exhibit 108



ballashd
Typewritten Text

ballashd
Typewritten Text
GBWN Exhibit 108

ballashd
Rectangle



Section 4.0

Southern Nevada Water Authority

4-38

 
 

Figure 4-10
Hydrogeologic Map and Cross Section of Area between Butte Valley and Jakes Valley
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