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A. Introduction, environmental setting, and
predevelopment conditions

. Geologic Framework
. Geophysical Framework
. Hydrogeological Framework
. Geochemistry of Major Aquifers and Springs
. Tracer Study and Geochemical Model
. Synthesis




Multiple Lines of Evidence:

A. Summarizes the environmental setting,
predevelopment conditions, and evaluates
Information in previous studies
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Predevel opment Conditions

Recharge
(ac-ft/yr)

Basin

Big Chino

Little Chino

Big Black Mesa

Headwaters
Total

Baseflow for
Verde River

peakRaulden

21,600
21,500

5,000
4,000
4,500

1,250

27,300

18,000*
16,000*

Data Source

Ewing and others, BOR, 1994
Freethey and Anderson, USGS, 1986

Schwalen, UA, 1967
Matlock and others, UA, 1973
Freethey and Anderson, USGS, 1986

Ford, Leonard Rice Associates, 2002

Using above data sources

Wirt and Hjalmarson, USGS, 2000
Freethey and Anderson, USGS, 1986
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N

1940 oblique aenal photograph
upstream from confluence of

Pine Creek with Big Chino

Wash, showing surface-water
diversions (photograph from
Salt River Project).
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Initial Conceptual Model for Sources of
Recharge to the Upper Verde River upstream

from USGS Pau

den Gauge
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Major Findings, Chapter A:

More than 6 miles of perennial stream segments
have been lost since ~1950

Segments of upper Big Chino Wash had native
fish until at least ~1950

Water levels nr Sullivan Lake have declined by
>80 ft since 194 7*

Data gaps identified include Big Black Mesa and
the different carbonate aquifers

Available water-budget data is far better for
Little Chino Valley than Big Chino Valley




Multiple Lines of Evidence:

B. Geologic Framework
C. Geophysical Framework
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Big Chino Valley - Long Section

SE

Wineglass U;:.q:nar‘-.i"erdeI

Ranch Paulden River Spring
CV-DH-1 Basalt Verde
1730 River

[ b

]

Siltstone
lomi

D Dolomite

Sandst i
andstone Latite 1000 §

VE = 5}(-‘
10,000 feet |




a USGS

science for a changing world

Geophysical Framework Based on Analysis of Aeromagnetic
and Gravity Data, Upper and Middle Verde River Watershed,
Yavapai County, Arizona

Verde Valley . L' p S 7] Verde Valley
Fay 0 R e ) without

Cenozoic

Y deposits

Scientific Investigations Report 2005-5278

E
=
®
ES
B
E
o
=
H
i
@
=
=
=
=
—
g
m
2
=
H
H]
H
=
m
=
@
2
=
=
b
=
FL
B,
w
FL
=
©
2
=
=
=
=
=
=
H
g
=
]
2
o
=
(=]
=
s
L
[}
@
=L
=
=
.
FL
©“
=
<
=z
w
=
=
S
=n
H
2
@
2
=
o
=h
e
]
=
2
5
8
@
2
&

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




Aeromagnetic Map
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BASIN THICKNESS FROM GRAVITY DATA

Big Chino .‘ , 1\:

= «— VerdeRiver




Little Chino Valley - Long Section
SE

Us 89 Little Chino Granite Black Hill
Wash Creek ADWR
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Big Chino Valley - Long Section

SE

Wineglass Upper Verde|
Ranch Paulden River Spring

CV-DH-1 Basalt Verde

1730'
==

Siltston I M Dolomite
L ——— Dolomite
Sandstone

1000 feet

VE = 5X
10,000 feet







Major Findings of the Geology &
Geophysics I nvestigations;

* Improved understanding of basin depth,
geometry, and structural features

mproved understanding of the nature of the
nlaya deposits (“clay plug’) in BCV

mproved understanding of the occurrence and
ocation of buried volcanic rocks within and

adjacent to the basin-fill aguifers, particularly
near the GW outlets




Multiple Lines of Evidence:

D. Hydrogeological Framework
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Quaternary andTertiary
sedimentary deposits

[[] Quaternary deposits
] Tert. sedimentary rocks
[[] Tert. Verde Formation
Tertiary volcanic rocks
B Tertiary basalt
] Tertiary latite
Paleozoic and Mesozoic

sedimentary rocks
[] Cambrian-Triassic

Paleozoic igneous rocks
[l Cretaceous pluton

Proterozoic rocks
[] tonalite/granodiorite

[ gabbro
[[] metasedimentary

[] metavolcanics

~— Basin-fill aquifer
boundary, dashed
where interconnected
with adjacent aquifer
Big Chino Fault
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Major Findings of the Hydrogeologic
Framework:

* A ground-water divide separates the Colorado
Plateau and Transition Zone carbonate aquifer
units

 The CP part of the carbonate aquifer contributes

Ittle If any recharge to the BC aguifer or to
UVR

Recharge from Big Black Mesa contributes
directly to BCBF aguifer or entersalong BC
basin-outlet flowpath




Multiple Lines of Evidence:

E. Geochemistry of Major Aquifers and Springs
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Dissolved Major and Trace-Element Concentrations, Verde River Headwaters, Arizona
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. Carbonate aquifer north of the upper Verde River
{Mississipian-Devonian sequence, n = 14)
High-altitude springs and tributaries south and west
[]  of Big Chino Valley (n = 15)
|:| Little Chino Basin-Fill Aquifer The information displayed in bax plots
and Del Rio Sprlngs l:]'l _ g:l 15 summarized in the graphic below.,
o -|— —— Sih peroentile
.| Big Chino Basin-Fill Aquifer (n = 25) - :f:;_":““"’"
. Upper Verde River Springs (n = 10) L __].:,?:hm
. Carbonate Aquifer underlying Big Chino
Basin-Fill Aquifer (Devonian-Cambrian zone, n = 5)
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OXYGEN-18/0XYGEN-16 RATIO FOR MAJOR AQUIFERS
AND SPRINGS, VERDE HEADWATERS, ARIZONA
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Major Findings,
Spatial Geochemical Trends:

e Distinctive trends were linked to recharge areas
or water-rock interactions

— Higher concentrations of trace elements were found
In the carbonate agquifer beneath the BC basin-fill

aquifer
— Higher strontium concentrations were spatially
assoclated with volcanic rocks
e Tritium and C-14 indicate modern recharge has
occurred beneath ephemeral streams




Multiple Lines of Evidence:

F. Tracer Study and Geochemical Model
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Downstream Trends
In Trace Elements
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EXPLANATION
Quaternary and Tertiary

sedimentary deposits

[] Quaternary deposits

] Tertlary sedimentary rocks
Tertiary volcanic rocks

[ Tertiary basalt

[[] Tertiary latite

Paleozoic and Mesozoic
sedimentary rocks

[] Cambrian-Triassic
Proterozoic rocks

[[] tonalite/grancdiorite

[] metasedimentary

[[] metavolcanics

Basin-fill aquifer
~—__ boundary, dashed where
Interconnected with

adjacent aquifer
"t Big Chino Fault
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Chemical Parameters Used in Model

pH
Bicarbonate
Calcium
Magnesium
Sodium
Chloride
Sulfate
Silica

Fluoride
Strontium
Potassium
Deuterium
Oxygen-18
Carbon-13
Carbon-14
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Major Findings,
Tracer Sudy & Inverse Model:
Sources of spring inflows can “fingerprinted” using
distinct geochemical trends
Tracer dilution approach works well to quantify diffuse
spring inflows
By subtraction, a small amount of additional inflow

occurs between Stewart Ranch and Paulden gage

Adjusted calculations for base flow at Paulden:
— LC basin-fill agquifer, 14%
— Combined BC aguifers, 80 to 86%
— Carbonate aquifer (north of river), O to 6%




Multiple Lines of Evidence:

G. Synthesis




Summary of Approach

Determine geologic framework of major aquifers,
iIncluding geometry, structure, and stratigraphy

Evaluate regional ground-water gradients and
build conceptual model of outlet flowpath(s)

Characterize water quality of subgroups (large

springs and parts of major aquifers)

Apply tracer approach to quantify GW inflows
from each aquifer to VR base flow

Use geochemical modeling to integrate multiple
lines of chemical and isotopic evidence along
selected flowpath and calculate mixing fractions




Synthesis and Summary:

Big Black Mesa

46% Big Black Mesa
' Little Chino 5.0% Carbonate Aquifer Carbonate
north of Verde River Aquifer
Valley . \ ' 0to 6 % under
\ Big Ehini; i
N (10- 15 %)
Lm{f I‘fh'"“.. - 84%. # BIG CHINO
alley " 14% j
. s COMBINED
135% L Little Chino f
Siul basinfill aquifer AQUIFERS
: basin-fill aquifer 80 to 85 %
Big Chino Valley Big Chino Valley AL
basin-fill aquifer
78.9% 86.6% (70 to 75%)
Water-Budget Approach Water-Budget Approach Inverseg?zfl:ﬁ?m;l roach
Predevelopment Conditions 1990's Predicted Conditions (2000? PP

N

),
\

Important Note: All 3 pie charts represent base flow
at USGS Streamflow-Gaging Station near Paulden







