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Predevelopment Conditions
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Initial Conceptual Model for Sources of 
Recharge to the Upper Verde River upstream 

from USGS Paulden Gauge



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 1947*
• 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
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Axial drainage

Closed Basin with Playa
(Leeder and Gawthorpe, 1987)

Open and Closed Basin 
Drainage Models







Aeromagnetic Map



BASIN THICKNESS FROM GRAVITY DATA

Big Black Mesa

Verde River
Williamson

Valley
Little
Chino
Valley

Big Chino
Valley A

A’B

B’







Major Findings of the Geology & 
Geophysics Investigations:

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

• Improved understanding of the nature of the 
playa deposits (“clay plug”) in BCV

• Improved understanding of the occurrence and 
location of buried volcanic rocks within and 
adjacent to the basin-fill aquifers, particularly 
near the GW outlets
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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 
little if any recharge to the BC aquifer or to 
UVR

• Recharge from Big Black Mesa contributes 
directly to BCBF aquifer or enters along BC 
basin-outlet flowpath
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Major Findings, 
Spatial Geochemical Trends:

• Distinctive trends were linked to recharge areas 
or water-rock interactions
– Higher concentrations of trace elements were found 

in the carbonate aquifer beneath the BC basin-fill 
aquifer 

– Higher strontium concentrations were spatially 
associated with volcanic rocks 

• Tritium and C-14 indicate modern recharge has 
occurred beneath ephemeral streams
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Tracer Dilution Study
Synoptic Sample Locations
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Tracer-dilution Calculated Discharge
Upper Verde River
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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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PHREEQCI (Parkhurst and others) Model 
Mixing Fractions for UVRS
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Major Findings, 
Tracer Study & 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 aquifer, 14%
– Combined BC aquifers, 80 to 86%
– Carbonate aquifer (north of river), 0 to 6%
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Summary of Approach
• Determine geologic framework of major aquifers, 

including 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:

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



?Questions?


