
California Valley

Sheephead  fault
Grimshaw

Lake
Grimshaw

Lake

U.S. Department of the Interior
U.S. Geological Survey

Scientific Investigations Report 2018-5151
Plate 1

Significant Hydrogeologic and Hydrologic Features and Sampling Locations, Tecopa Basin and Adjacent Areas, California 
By

 Wayne R. Belcher, Donald S. Sweetkind, Candice B. Hopkins, and Megan E. Poff
2019

Prepared in cooperation with the
Bureau of Land Management 

Base from U.S. Geological Survey digital data, 1:100,000-scale, 1974–2009  
Universal Transverse Mercator projection, zone 11
North American Datum 1927

0 2 4 6 8

8

10 Miles

0 2 4 6 10 Kilometers

Geology compiled from Hillhouse, 1987;
Workman, Menges, Page, Taylor, and

others, 2002

116°07'30"116°15'116°22'30"

36°00'

35°52'30"

35°45'

Chicago
Valley

Pahrum
p ValleyResting  Spring  RangeGreenwater

Range

Well ARHS-01

Well ARHS-03
664.5 meters

Twelvemile
Spring
Twelvemile
Spring

6-km
 horst  ridge

Chicago  Valley fault zone
AR3

AR2

AR1

Dublin  HillsDublin  Hills

Greenwater  Valley

Northern
Persistent Pools

Northern
Persistent Pools

AR9

AR8

AR7

AR4

AR12

AR11

AR10

Wild Bath SpringWild Bath Spring

Amargosa River at Tecopa, CaliforniaAmargosa River at Tecopa, California

Cynthia's wellCynthia's well

Sperry  HillsSperry  Hills

Tecopa
Hills

Tecopa
Hills

Southern
Persistent Pools

Southern
Persistent Pools

AR18

AR17

AR16

AR15

AR13 AR14

AR32

AR31

AR30

AR29

AR26

AR25

AR24

AR23

AR22

AR21

AR20

AR28

AR19 Amargosa River 2Amargosa River 2

Tule Spring

N
opah  Range

East  Nopah  fault  zone

AA

A'A'

CC

C'C'

BB

B'B'

DD

D'D'

EAST
B'

WEST
B

Resting Spring
Range

Not to scale

Am
ar

go
sa

 R
iv

er

Thom Spring
and seeps

China Ranch beds
China Ranch beds

Tecopa lake bedsTecopa lake beds

Highly fractured
and brecciated

siliciclastic (?) rocks

Highly fractured
and brecciated
siliciclastic (?)

rocks
Carbonate (?)

rocksCarbonate (?)
rocks

Carbonate rocks

Tecopa
Hills

(no diffuse discharge)Water level

EAST
A'

WEST
A

?

Resting Spring
Range

Alluvium

Tecopa lake beds

China Ranch beds

Carbonate rocksCarbonate rocks

Carbonate rocks

Carbonate rocks
(at Shoshone Spring)

Greenwater Volcanics
(at Borax Spring)

Tufa

FAULT

Not to scale

Carbonate springs and seeps
(Shoshone, Borax)

Chappo
Spring

overland
flow

diffuse discharge

Local
recharge

subsurface flow

Am
ar

go
sa

 R
iv

er

EAST
C'

WEST
C

Not to scale

Diffuse discharge
Diffuse discharge

Am
ar

go
sa

 R
iv

er

Flow along
fault or

in fracture
network

Deeply
circulating

groundwater

Thermal springs

Bo
re

ho
le

 S
pr

in
g

(p
ro

je
ct

ed
 fr

om
 n

or
th

)

China Ranch beds

Greenwater
Volcanics

Highly fractured
and brecciated

siliciclastic
rocks

Highly fractured and
brecciated siliciclastic (?)

rocks

Highly fractured and
brecciated siliciclastic (?)

rocks

Tecopa lake beds
Alluvium

FAULT

??

?

??

Water level

EAST
D'

WEST
D

Not to scale

China Ranch beds/
Tecopa lake beds (shoreline facies)

China Ranch beds

Siliciclastic rocks

Siliciclastic
rocks

Carbonate
rocks

Alluvium

(no springs on
west side of valley)

Resting Spring
Range

Hillslope springs
and seeps

Am
ar

go
sa

 R
iv

er

Amargosa River in Upper Canyon near Tecopa, CaliforniaAmargosa River in Upper Canyon near Tecopa, California

AR5

500500

480480

600
600

460460

450
450

600
600440440

300300

150
150

450450

300
300

750
750

520520

EXPLANATION

BB B'B'

AR10

Quaternary fault—Ball and bar denotes the downthrown block of normal fault; 
opposed arrows indicate relative sense of offset along strike-slip fault

Fault—Location certain, sense of offset not shown
Fault—Location approximate, sense of offset not shown
Fault—Location concealed, sense of offset not shown
Normal fault—Ball and bar denotes the downthrown block
Gently dipping normal fault—Filled half-circle symbol on downthrown block, 

open half-circle symbol on upthrown block
Thrust fault—Certain, sawteeth on upper plate
Thrust fault—Concealed, sawteeth on upper plate
Strike-slip fault—Opposed arrows indicate relative sense of offset

Generalized location of diagrammatic cross section

Water-level contour in shallow alluvium—Shows altitude at which water level 
would have stood in tightly cased wells, in meters above National Geodetic 
Vertical Datum of 1929. Contour interval 20 meters. Modified from Andy Zdon 
& Associates, Inc., 2014. No contours are drawn in Chicago Valley; the single 
water-level measurement at well AHRS-03 is posted next to the well location

Regional potentiometric surface contour—Shows altitude of potentiometric  
surface, in meters above National Geodetic Vertical Datum of 1929. Contour 
interval 150 meters. From Bedinger and Harrill, 2010

Gaining reach of the Amargosa River
Losing reach of the Amargosa River
Area of groundwater-fed pools along the Amargosa River

Perennial stream
Intermittent stream

Lower Amargosa Valley Hydrographic Area boundary

Inferred groundwater flow path in carbonate rocks
Inferred groundwater flow path in unconsolidated alluvial deposits or Tertiary 

sedimentary rocks

Water chemistry sample location—Grouped by geography and physical 
characteristics

Amargosa Canyon

Tecopa Hot Springs

Shoshone-Tecopa

Chicago Valley

Amargosa River

California Valley

Seepage run measurement location

Streamgage

Location of measured spring discharge

Observed spring

Well

Measurements at selected springs—Discharge measurements, this study. 
Temperature and total dissolved solids (TDS) from Andy Zdon & Associates, 
Inc., 2014

Altitude, in meters (m) above National Geodetic Vertical Datum of 1929
Discharge, in cubic meters per year (m3/yr); est., estimated value
Temperature (Temp), in degrees Celsius (°C), average of multiple 
measurements (meas.)

TDS, total dissolved solids, in milligrams per liter, (mg/L); average of multiple 
measurements (meas.)

Quaternary deposits
Eolian deposits

Younger Quaternary alluvial and fluvial deposits

Younger Quaternary fine-grained deposits

Older Quaternary alluvial and fluvial deposits

Pleistocene spring discharge deposits
Quaternary and Tertiary deposits

Pliocene to Pleistocene lake deposits

Tertiary to Quaternary alluvial and fluvial deposits
Tertiary rocks

Neogene sedimentary rocks; Miocene China Ranch beds

Neogene basaltic rocks

Neogene silicic volcanic rocks

Neogene plutonic rocks
Proterozoic and Paleozoic rocks

Ordovician to Permian predominantly carbonate rocks

Cambrian carbonate rocks

Neoproterozoic and Lower Cambrian siliciclastic rocks

Mesoproterozoic to Neoproterozoic siliciclastic and carbonate rocks

Early Proterozoic metamorphic and igneous rocks

Area of evapotranspiration (Modified after Laczniak and others, 2001)

Classified evapotranspiration units

Area of submerged aquatic vegetation

Area dominated by dense wetland vegetation

Area dominated by dense meadow and forested vegetation

Area dominated by dense to moderately dense grassland vegetation

Area dominated by sparse woodland vegetation

Area dominated by moist bare soil

Area dominated by sparse to moderately dense shrubland vegetation

Area dominated by sparse grassland vegetation

Outer boundary of area
of evapotranspiration

Color blocks are classified
evapotranspiration units,
explained below; Blue dots
indicate areas of salt crust
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Willow Spring
(measurement site on stream)
Altitude 432 m
Discharge 160,000 m3/yr 
Temp 24.1 °C (2 meas.)
TDS 958 mg/L (1 meas.)Gage on Amargosa River

  above confluence with 
  China Ranch Wash
U.S. Geological Survey
  site 10251330

Thom Spring
Altitude 429 m
Discharge 4,000–10,000 m3/yr (est.)
Temp 28.8 °C (5 meas.)
TDS 1,051 mg/L (4 meas.)

Amargosa Canyon Spring 4
Altitude 421 m
Discharge 14,000–18,000 m3/yr (est.)
Temp 26.5 °C (7 meas.)
TDS 824 mg/L (7 meas.)

Gage on Amargosa 
  River at Tecopa
U.S. Geological Survey
  site 10251300

Borehole Spring
Altitude 413 m
Discharge 223,000 m3/yr 
Temp 46.8 °C (7 meas.)
TDS 2,760 mg/L (6 meas.)

Resting Spring
Altitude 539 m
Discharge 295,000 m3/yr 
Temp 26.8 °C (1 meas.)
TDS 600 mg/L (1 meas.)

Borax Spring
Altitude 409 m
Discharge 16,100 m3/yr 
Temp 30.3 °C (6 meas.)
TDS 1,973 mg/L (5 meas.)

Tecopa Hot Springs
Altitude 406 m
Discharge 223,000 m3/yr 
Temp 39.9 °C (5 meas.)
TDS 3,115 mg/L (4 meas.)

Shoshone Spring
Altitude 491 m
Discharge 370,000 m3/yr
Temp 33.2 °C (5 meas.)
TDS 1,064 mg/L (4 meas.)

Chappo Spring
Altitude 606 m
Discharge 2,000 to 10,000 m3/yr (est.)
Temp 24.8 °C (3 meas.)
TDS 500 mg/L (2 meas.)

Water level

Water level

EXPLANATION
AA A'A' Generalized schematic cross section

Generalized groundwater flow direction
Fault—Barbed arrows show relative sense of 

offset
Highly fractured and brecciated bedrock
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