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Figure 1.   Study area and U.S. Geological Survey streamflow-gaging stations in the Mogollon Highlands, Arizona. 
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Figure 1.   Study area and U.S. Geological Survey streamflow-gaging stations in the Mogollon Highlands, Arizona. 
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Figure 2.  U.S. Geological Survey Rural Watershed Initiative 
study areas.
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Figure 3.  Annual ground-water withdrawals by the town of 
Payson, Arizona.
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Geology modified from Reynolds, 1988 
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Figure 4.  Geology and geologic structure of the Mogollon Highlands, Arizona.
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Figure 5.  Average annual precipitation and locations of active weather stations in the Mogollon Highlands, Arizona.
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Figure 6.  Seasonal distribution of precipitation for selected 
sites in the Mogollon Highlands, Arizona.
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Figure 7.  A. Normalized annual average precipitation for the Mogollon Highlands, Arizona;  B. Normalized annual average 
temperature for Payson, Arizona.
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Figure 8.  Seasonal distribution of annual peak discharges of selected streams in the Mogollon Highlands, Arizona.
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Figure 9.  Seasonal distribution of discharge of selected streams 
in the Mogollon Highlands, Arizona.

WINTER SPRING SUMMER FALL

50

40

30

20

10

0
50

40

30

20

10

0
50

40

30

20

10

0
50

40

30

20

10

0
50

40

30

20

10

0
50

40

30

20

10

0

09507980
East Verde River

near Childs

09505800 
West Clear Creek
near Camp Verde

NOTE: Oblique number is U.S. Geological Survey
            streamflow-gaging station identifier



D
A

IL
Y 

D
IS

CH
A

RG
E,

 IN
 C

U
B

IC
 F

EE
T 

PE
R 

SE
CO

N
D

Figure 10.  Daily discharge of Tonto Creek above Gun Creek 
showing typical range of daily discharge for Mogollon 
Highlands streams.
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Figure 11.  Lowest flows on selected perennial streams in the 
Mogollon Highlands, Arizona.
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Figure 12.  Flow duration curve for selected streams in the 
Mogollon Highlands, Arizona.
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Figure 13.  Runoff and base flow components of selected 
streams in the Mogollon Highlands, Arizona.
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Figure.14   Distribution of springs and wells in the Mogollon Highlands, Arizona. 
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Geology modified from Reynolds, 1988 
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Figure 15.  Geology ,geologic structure, and locations of springs for which discharge records are available, Mogollon Highlands, Arizona.
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digital data, 1:100,000, 1982
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NOTE: See table 4 for correspondence
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Figure 15.  Continued.
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Figure 16.  A. Spring discharge measured at fish hatcheries once a month;  B. Discharge measured once daily in Pine Creek below 
Tonto Natural Bridge Spring;  C. Intermittent current-meter measurements in Fossil Springs above and below springs.

A. Spring discharge measured at fish hatcheries— Data from Arizona Game and Fish Department
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B. Pine Creek below Tonto Bridge Spring— Data from U.S. Forest Service, Tonto National Forest
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Figure 17.  A. Percentage of total springs by range of 
discharge;  B. Percentage of total spring discharge by range of 
discharge, Mogollon Highlands, Arizona.
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Figure 18.  Selected wells for which water-level data are available, Mogollon Highlands, Arizona.

Base from U.S. Geological Survey
digital data, 1:100,000, 1982
Universal Transverse Mercator
projection, Zone 12

NOTE: See table 5 for correspondence
          of numbers to well names and data
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Figure 18.  Continued.

EXPLANATION

SURFICIAL DEPOSITS, MOSTLY ALLUVIUM—Holocene to Middle Pleistocene

SEDIMENTARY ROCKS—Pliocene to Middle Miocene

VOLCANIC ROCKS—Pliocene to Middle Miocene

SEDIMENTARY ROCKS, UNDIFFERENTIATED—Cretaceous

SEDIMENTARY ROCKS—Permian (Kaibab Formation and Coconino Sandstone)

SEDIMENTARY ROCKS—Permian and Pennsylvannian (Schnebly Hill Formation,
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Figure 19.  Time series of water depths in selected wells, Mogollon Highlands, Arizona.  
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Figure 20.  Springs for which chemical data are available and sampling sites for isotope analysis of spring water, Mogollon Highlands, Arizona.

Base from U.S. Geological Survey
digital data, 1:100,000, 1982
Universal Transverse Mercator
projection, Zone 12

NOTE: See table 7 for chemical-data correspondence
           of numbers to springs and table 10 for isotope-
           analysis correspondence of numbers to springs
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Figure 20.  Continued.

EXPLANATION

SURFICIAL DEPOSITS, MOSTLY ALLUVIUM—Holocene to Middle Pleistocene

SEDIMENTARY ROCKS—Pliocene to Middle Miocene
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Figure 21.  Relative compositions of water from springs in the Mogollon Highlands, Arizona.

80 60 40 20 80604020

20

SULFATE

20

60

80

80

80

60

40

20

CALCIUM
 + M

AGNESIUM

0

10
0 100

80

20

00100

0

10
0

0

0

10
0

SODIUM
 + POTASSIUM

40

M
AG

NES
IU

M

CALCIUM

40

PERCENTAGE OF TOTAL MILLIEQUIVALENTS PER LITER

100

80

100

CA
RB

ON
AT

E 
+ 

BI
CA

RB
ON

AT
E

20

60

80

100

0

CHLORIDE  

20

40

60

 S
UL

FA
TE

 +
 C

HL
OR

ID
E

Calcium sodium
bicarbonate

chemistry



SP
EC

IF
IC

 C
O

N
D

U
CT

A
N

CE
, I

N
M

IC
RO

SI
EM

EN
S 

PE
R 

CE
N

TI
M

ET
ER

WEST CLEAR
CREEK DRAINAGE

800

700

600

500

400

300

200

100

0

A. Specific conductance

Pi
vo

t R
oc

k 
Sp

rin
g

Be
ar

 S
pr

in
g

Bu
ck

ho
rn

 S
pr

in
g

(A
–1

2–
07

)2
1d

 1

(A
–1

2–
07

)2
1d

 2

(A
–1

2–
07

)2
2c

Fo
ss

il 
Sp

rin
gs

(A
–1

2–
11

)1
2a

ac

(A
–1

2–
12

)1
1b

ab

(A
–1

2–
10

)0
1b

da

(A
–1

2–
13

)0
1b

bd

Fo
ss

il 
Sp

rin
gs

Fo
ss

il 
Sp

rin
gs

Bi
g 

Sp
rin

g
To

nt
o 

N
at

ur
al

Br
id

ge
 S

pr
in

g
(A

–1
1–

10
)2

4b
ca

1

Ge
ro

ni
m

o 
Sp

rin
g

Dr
ip

pi
ng

 S
pr

in
g

W
as

hi
ng

to
n 

Sp
rin

g

Fo
ss

il 
Sp

rin
gs

Be
ar

 F
la

t S
pr

in
g

Be
ar

 F
la

t S
pr

in
g

R-
C 

Sp
rin

g

R-
C 

Sp
rin

g

In
di

an
 G

ar
de

ns
 S

pr
in

g

In
di

an
 G

ar
de

ns
 S

pr
in

g

In
di

an
 G

ar
de

ns
 S

pr
in

g

To
nt

o 
Sp

rin
g

To
nt

o 
Sp

rin
g

Se
e 

Sp
rin

g

Ho
rt

on
 S

pr
in

g

TOP OF
MOGOLLON RIM

EAST VERDE RIVER
DRAINAGE

TONTO CREEK DRAINAGEFOSSIL CREEK CANYON

CO
N

ST
IT

U
EN

T 
CO

N
CE

N
TR

A
TI

O
N

,
IN

 M
IL

LI
G

RA
M

S 
PE

R 
LI

TE
R

WEST CLEAR
CREEK DRAINAGE

200

175

150

125

100

75

50

25

0

B. Concentrations of calcium, magnesium, and sodium 

Pi
vo

t R
oc

k 
Sp

rin
g

Be
ar

 S
pr

in
g

Bu
ck

ho
rn

 S
pr

in
g

(A
–1

2–
07

)2
1d

 1

(A
–1

2–
07

)2
1d

 2

(A
–1

2–
07

)2
2c

Fo
ss

il 
Sp

rin
gs

(A
–1

2–
11

)1
2a

ac

(A
–1

2–
12

)1
1b

ab

(A
–1

2–
10

)0
1b

da

(A
–1

2–
13

)0
1b

bd

Fo
ss

il 
Sp

rin
gs

Fo
ss

il 
Sp

rin
gs

Bi
g 

Sp
rin

g
To

nt
o 

N
at

ur
al

Br
id

ge
 S

pr
in

g
(A

–1
1–

10
)2

4b
ca

1

Ge
ro

ni
m

o 
Sp

rin
g

Dr
ip

pi
ng

 S
pr

in
g

W
as

hi
ng

to
n 

Sp
rin

g

Fo
ss

il 
Sp

rin
gs

Be
ar

 F
la

t S
pr

in
g

Be
ar

 F
la

t S
pr

in
g

R-
C 

Sp
rin

g

R-
C 

Sp
rin

g

In
di

an
 G

ar
de

ns
 S

pr
in

g

In
di

an
 G

ar
de

ns
 S

pr
in

g

In
di

an
 G

ar
de

ns
 S

pr
in

g

To
nt

o 
Sp

rin
g

To
nt

o 
Sp

rin
g

Se
e 

Sp
rin

g

Ho
rt

on
 S

pr
in

g

TOP OF
MOGOLLON RIM

EAST VERDE RIVER
DRAINAGE

NOTE: Sodium analyses unavailable
 for some springs          

TONTO CREEK DRAINAGEFOSSIL CREEK CANYON

Calcium Magnesium Sodium

Figure 22.  Chemical composition of spring waters within different drainages, Mogollon Highlands, Arizona.  A. Specific conductance;  
B. Calcium, magnesium, and sodium;  C.  Chloride and sulfate;  D. Silica.
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Figure 22.  Continued

NOTE: See table 7 for chemical composition
           values. Repeated locations represent
           multiple sampling and analyses



Figure 23.  Isotope values for water from springs in the Mogollon Highlands, Arizona.

δOXYGEN–18, IN PER MIL

GLOBAL METEORIC

WATER LINE (Craig, 1961)FLAGSTAFF METEORIC

WATER LINE

δH
YD

RO
G

EN
–2

, I
N

 P
ER

 M
IL

–65

–60

–70

–75

–80

–85

–90
–12 –11 –9–10

29

39

5

36

22

63
59

32
50

56

35

43

14

53

28

14

14

25

61

52 11 31



 

 

 

Geology modified from Reynolds, 1988 

111º111º30’

34º

Payson

e

Salt

0

0

10 MILES

10 KILOMETERS

34º30’

110º30’

 

 

 

Figure 24.  Selected wells for which water-level data are available, Mogollon Highlands, Arizona.

Base from U.S. Geological Survey
digital data, 1:100,000, 1982
Universal Transverse Mercator
projection, Zone 12

NOTE: See table 8 for correspondence of
           numbers to well names and data
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Figure 25.  Chemical composition of  waters from wells in various locations, Mogollon Highlands, Arizona.  A. Specific conductance;  
B. Calcium, magnesium, and sodium;  C.  Chloride and sulfate;  D. Silica.
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Figure 25.  Continued
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Base from U.S. Geological Survey
digital data, 1:100,000, 1982
Universal Transverse Mercator
projection, Zone 12

Modified from Hart and others, 2002;
Owen-Joyce and Bell, 1983; and

Freethey and Anderson, 1986

Figure 26.  Potentiometric surfaces of the C aquifer, limestone aquifer, and alluvial aquifer in the lower Tonto Creek Basin, Mogollon
Highlands, Arizona. 
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Figure 27.  Schematic diagram of the ground-water system in the Mogollon Highlands, Arizona.
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