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Southern Utah is Geological Heaven
Petrified Sand Dunes at a smaller scale



Petrified Sand Dunes Interpretation

08 March 2017 Copyright © 2017 Walden 3-D, Inc. Iron County Historical Society   3



NW to SE Geologic Cross-Section of Southern Utah
at a larger scale
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Northwest Southeast



Tilted Geology Up Cedar Canyon
Geology is fascinating at all scales
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Rotating Photos to Remove Dip
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Moenkopi Chinle Jurassic Composite



Cedar’s Red Hill
excellent example of backthrust

Iron County Historical Society   808 March 2017 Copyright © 2017 Walden 3-D, Inc.

Section
Repeat

Section

A

A A’

A’



Historical Water Issue in Cedar City
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Cedar Still has Water Problems:
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• “regulating” water rights is going to be beginning with 
the most recently issued water rights;

• State Engineer, Kent Jones, visited Cedar City in Jan 
2016 to meet water rights owners & interested citizens;

• there will be more public meetings;

• existing water rights: 50,000 - 76,000 acre-feet 
(regulators show 34-52% error in known water rights); 

• Stating the list of existing water rights has inaccuracies; 

• the CICWCD has been working hard to find ways to 
import water to the valley (not including tapping 
resources within the Cedar Valley Drainage Basin).



1977 Mobil Oil Project
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• This example relates to fluid 
flow in Southern Utah.

• The Taurus Mountains in 
Turkey provide a water source, 
which travels in rock layers and 
siphons back up into Cyprus.

• This drives hydrocarbons and
expels them from the system.

• It also heats water, and creates 
the basis for hydrothermal 
alteration which relates to the 
ancient mines found on Cyprus.
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Throughflow, Baseflow, and the Age of Water

• Coal Creek is the principal 
source of recharge to the 
Cedar Valley basin-fill aquifer 
(Thomas & Taylor, 1946; Bjorklund & others, 1978) .

• Consolidated-rock aquifers 
are an important secondary 
component of the Cedar 
Valley drainage basin’s 
ground water system, but are 
currently of relatively minor 
importance for water supply  
(J. Mason, U.S. Geological Survey) .
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Geologic Age shows Geologic Separation
between the west hills and the Cedar Valley Fill Aquifer

• Baseflow from Cedar Mountain to the

center of Cedar Valley must bypass east 

dipping beds, and the Hurricane Fault, 

which is connected to porous Jurassic 

Navajo sands 5,000-8,000 feet down the 

Hurricane Fault plane.

• Although Lake Bonneville did not reach 

Cedar Valley, the ancient Quichapa Lake 

was larger in this wetter time.

• The USGS says water in the valley is older 

because it flows a longer path from the 

bedrocks to the east and to the west.

• It seems too coincidental age dating shows 

this is the exactly same age as the much 

wetter Lake Bonneville time.
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Young Water

500-1,000 years

Older Water

16,500 years



In Cedar Valley, like below, there are barriers to Baseflow
from the mountains to the east into the valley in the west

• Bedrock dips to the east;

• Faults bounding the valley disrupt
baseflow, especially into the 
Cedar Valley basin fill aquifer, 
which is isolated by clays and is 
very shallow.
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Few wells in Cedar Valley are deeper than 800 feet
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North-to-South cross-section through the Cedar Valley Aquifer, Roice Nelson, 19 Sep 2005.



Details show somewhat isolated shallow aquifers
bounded by layers of clay, isolating Lake Bonneville age water
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West-to-East cross-section through the Cedar Valley Aquifer, Roice Nelson, 19 Sep 2005.



The Water Available from Wells is defined 
by the Potentiometric Surface
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http://www.ce.utexas.edu/prof/maidment/tmpaper/spring98/landrum/map.htm



Cedar Valley Basin Fill Aquifer Potentiometric Surface
Oct 2009 Mar 2010 Residual Sep 1939-Oct 2009
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Investigation of land subsidence and earth fissures in Cedar Valley, Iron County, Utah, Tyler Knudsen, Paul Inkenbrandt, William Lund, Mike Lowe, & Steve Bowman, 2014
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Investigation of land subsidence and earth fissures in Cedar Valley, Iron County, Utah, Tyler Knudsen, Paul Inkenbrandt, William Lund, Mike Lowe, & Steve Bowman, 2014

Zoom on the 1939-2009 residual change 
in the Potentiometric Surface 

Cedar, we have a problem!



Looking at the Bigger Picture
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• There is significant baseflow 
discharge from The Great Basin (e.g. 
Cedar City at 5,000 feet) to the south 
(e.g. St. George at 3,000 feet).

• There is equal or larger baseflow 
discharge from The Great Basin (e.g. 
Cedar Valley) to the southeast (e.g. 
The Grand Canyon).

• This discharge is much deeper than
800 feet, with water running below 
the isolated Cedar Valley Fill Aquifer.



Water Tanks in Cedar City demonstrate hydrostatic pressure

• Stacking water increases density 1 pound per square 
inch every 2.31 feet, by the equation p=density (water 
1 g/cm2)*gravity (9.7 m/s2)*depth (or height).
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• The pressure in our water 
faucet is tied to the height 
the water tank is above us.

• Less than normal hydrostatic 
pressure means there is a 
leak in the water system. 



Iron County and the Entire Southern Great Basin
have lower than normal hydrostatic pressure

18-Jun-2015
Copyright © 2015 Dynamic Measurement LLC. 

All Rights Reserved.
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Formation Pressure as a Potential Indicator of High Stratigraphic Permeability 

Rick Allis , Utah Geological Survey 



There is a leak in the water system
Large Fracture Systems Drain Downhill and to the Grand Canyon 
Lowering Hydrostatic Pressure in the Southern Great Basin

18-Jun-2015
Copyright © 2015 Dynamic Measurement LLC. 

All Rights Reserved.
CICWCD    23

This discharge is not accounted for in the existing USGS aquifer models for Cedar Valley.



Merging Geology, Water, and Economics
Map provided to Eldon Schmutz of the CICWCD, 
just before the CICWCD filed for West Desert Water in 2006

• Lake Powell Pipeline cost of $1 billion over 
50 years, including $20,000 per acre foot + 
cost to pump water up the Black Ridge 3,400+ 
feet to Cedar Valley was rejected by voters.

• Pine Valley Pipeline cost of $150+ million 
over 10 years, with water at $9,259 per acre 
foot, will be another tough political fight.

• Untested bedrock aquifers to the east and to 
the west of Cedar Valley can be tested for
$500,000; or less than $500 per acre foot.
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Water System Recharge
Average Annual Precipitation

• 1 foot in the valley annually

• 3 feet in the mountains annually

• A good well produces 800 to 3,200 acre-feet of 

water per year.

• With no drawdown, and a 10% infiltration rate 

this implies

• In the valley 12.5 sq mi surface area needed to 

produce 800 ac-ft , and 50 sq mi needed to 

produce 3,200 ac-ft; and

• In the mountain 3.2 sq mi needed to produce 800 

ac-ft and 16.3 sq mi needed to produce 3,200 ac-ft

in the mountains.

• Hydrology models do not show enough of the 

annual precipitation discharge escaping the 

Southern Great Basin and Cedar Valley going 

downhill and through large transform faults.



• Water for Cedar Valley is available from 
anyplace in the Cedar Valley Drainage Basin.

• There are consolidated rocks on either side of 
the Cedar Valley Aquifer, within the Cedar 
Valley Drainage Basin, which hold 
tremendous volumes of water:
• On the west are fractured quartz monzonite 

rocks, which have excellent water production in 
New Harmony;

• On the east are 20-30% porosity Cretaceous 
rocks, which have excellent water production at 
Brian Head.

• These aquifers are semi-isolated from the 
Cedar Valley Fill Aquifer by faults and clays.
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Cedar Valley Drainage Basin



The Cedar Valley Aquifer Extent

• The Cedar Valley Aquifer is shown by 
the blue colored squares on this map.

• Each colored square is about ~0.36 
square miles in size. There are 421 cells 
covering the Cedar Valley Aquifer, or 
152 sq. miles.

• This is ~97,000 acres, with an average 
of 12 inches of precipitation per year, 
implying an average of 10,000 acre-feet 
of recharge in the aquifer per year with 
a 10% infiltration rate.
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More water is discharged than recharged in Cedar Valley
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Loss of at least 

9,100 acre-feet/year

This and other hydrology 

models are like and as valid 

as the financial proforma’s 

of a new business.

Exploration water wells, 

instead of customers, 

validate the model.

Investigation of land subsidence and earth fissures 

in Cedar Valley, Iron County, Utah, Tyler Knudsen, 

Paul Inkenbrandt, William Lund, Mike Lowe, and 

Steve Bowman, 2014, page 14.



How do Geoscientists see under the ground?

• Line 711 was my first assignment in
Mobil Field Operations in February
1978 (it was cold, saw bear tracks).

• When I learned of Bengt Nelson’s first 
winter (1856-1857) at Iron Springs.

• Figures to right from Line 704.
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Mobil Line 711 cross-section
Other ways to see underground include:

• Electrical Methods

• Resistivity, Magneto-tellurics, Self-Potential, etc.

• Potential Fields & Seismic

• Gravity, Magnetics & Earthquake, Refraction, Reflection

• Satellite: (Thermal Reflectance, Elevation, etc.)

• Lightning: (Resistivity & Attribute Maps & Volumes)
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Untapped Cretaceous Aquifer
above the repeated road repairs in Cedar Canyon
(note most significant flow is on east facing outcrops, because beds dip east)
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The Cretaceous Aquifer Extent
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• The Cretaceous Aquifer is shown by the 
green colored squares on this map.

• Each colored square is about ~0.36 
square miles in size. There are 213 cells 
covering the Cretaceous Aquifer, or 77 
square miles.

• This is ~50,000 acres, with an average 
of 36 inches of precipitation per year, 
implying an average of 15,000 acre-feet 
of recharge in the aquifer per year with 
an infiltration rate of 10%.
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Cretaceous Age
Straight Cliffs to 
Dakota Sandstone 
up Cedar Canyon 

This is where landslides 
regularly happen



Deviated Hole from Straight Cliffs to Dakota Sandstone which, 
with turbines in the well, could also be a new source of energy
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What is the cost to repair the road? 
Compared to the cost of drilling a deviated hole 
and draining the water out of the cliffs to prevent landslides?
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Potential Area for Cretaceous Aquifer Wells, All 
Within The Cedar and Parowan Valley Drainage Areas



Untapped Fractured Quartz Monzonite Aquifer
Photograph of water in Blowout Pit at Iron Mountain
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Photograph by Gary Player



Fractured Quartz  
Monzonite Aquifer 
Extent
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• Each gold colored square is about ~0.36 
square miles in size. There are 681 cells 
covering the Cedar Drainage Basin, or 245 
square miles.

• This is ~156,900 acres, with an average of 
12 inches of precipitation per year, 
implying an average of 15,700 acre-feet of 
recharge in the aquifer per year at a10% 
infiltration rate.

The Fractured 
Quartz Monzonite 
Aquifer is shown 
by the orange 
colored squares 
on this map.



Arco #1 – Woods Ranch
cross-section

• An opportunity to
test the Fractured
Quartz Monzonite
Aquifer is to reopen 
this well.

• The proposed test in
the Cretaceous rocks 
is at Woods Ranch or 
Sheepherder’s Cabin.
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Deepest Valley Wells

Iron Mountain
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Arco #1
proposed re-entry

Woods Ranch

proposed well

Top Qm =  2,322’
Fractured: 2,500’-2,615’

Fractured: 2,960’-3,050’



Transferring Water Rights 
either up the mountain or to the west solves over allocation issues!
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Good! Help fund a test well!

Wrong! Quartz monzonite aquifers 

are deeper, 2,200 foot deep at Arco 

well, than the currently tapped 800 

foot deep Cedar Valley Aquifer!

We recommend a $250,000 well at 

or near Woods Ranch to test the 

Cretaceous Aquifer. If only 1,000 

acre-feet of water are produced, it 

will have cost $250 per acre foot, 

and water can be put in Coal Creek.



Blowout Pit
Cross-Section

• Dip on bedrock to east 
drives water falling on 
Cedar Mountain east.

• Throw of Hurricane Fault 
allows water to drop down 
5,000 feet to the porous 
Jurassic Sandstone.

• Water filling Blowout Pit 
tested in Quichapa Creek 
test well.
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Integrating a new Hydrologic Model across Iron County
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Conclusion of CICWCD Funded Report
The Geology of Cedar Valley, Iron County, Utah, and Its Relation to Ground-Water Conditions 
by Hugh A. Hurlow

“Most precipitation in the Cedar Valley drainage basin falls on Triassic through Tertiary-age bedrock exposed on the 

steep cliffs and high plateaus to the southeast. This precipitation either runs off or percolates through bedrock to Coal 

Creek, which forms the principal source of recharge to the Cedar Valley aquifer as it flows into the valley. 

• Bedrock is important to the hydrogeology of Cedar Valley, not only because it transmits water to Coal Creek, but 

also because

1. it is hydrologically connected to the basin fill across the basin-bounding faults, although the amount of cross-fault flow is 

probably small, and 

2. it is a likely target of future water development. 

• Most bedrock units in the study area consist of interlayered sandstone and mudstone, forming heterogeneous 

potential aquifers of uncertain extent, transmissivity, and chemical quality. 

• The best established and potential bedrock aquifers in the study area are 

• fractured Tertiary volcanic rocks and quartz monzonite exposed in the hills bounding the southwestern, western, and 

northeastern valley margins, and 

• the Jurassic Navajo Sandstone in the subsurface east of the valley.”
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A New Geologic Framework from Lightning Analysis
will be built at some point, funded privately or publicly
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Lightning 
Analysis
Prices
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Summary

• We will never run out of water in Cedar Valley, 

just as the world will never run out of oil.

• Iron County has run out of $1,800 per acre-foot water, and will run out of $3,000 

per acre-foot water, just as the world has run out of $5 or $30 per barrel oil.

• There is a difference between the Cedar Valley Fill Aquifer and the Cedar 

Valley Drainage Basin, which difference needs to be leveraged.

• The Cedar Valley Fill Aquifer is being damaged by over production.

• There are two significant untapped aquifers adjacent to Cedar Valley which 

are both included within The Cedar Valley Drainage Basin: 

1. The Cretaceous Aquifer to the east; and 

2. The Quartz Monzonite Aquifer to the west.

• Existing over production and over allocation can be solved by transferring 

water rights out of the Cedar Valley Aquifer to these two adjacent aquifers.
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Science Helps, and history is still hard to do right!

We all present the data available to us, as it is filtered by our world view,

including how Geology and Water are the Framework of Southern Utah
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Thank You!
This presentation is posted at:

• http://www.walden3d.com/IronCounty/CedarValleyWater/pdf/170307_Geology_and_Water_The_Fr

amework_of_Southern_Utah.pdf

See Also:

• http://www.walden3d.com/IronCounty

• http://www.walden3d.com/IronCounty/intro

• http://www.walden3d.com/IronCounty/CedarValleyWater/

• http://www.walden3d.com/IronCounty/ig/IronCounty/IC_3_Approaches.html

• http://www.walden3d.com/IronCounty/ig/IronCounty/IC_3_Aquifers.html

• http://www.walden3d.com/IronCounty/ig/IronCounty/IC_CVA.html

• http://www.walden3d.com/IronCounty/ig/IronCounty/IC_KA.html

• http://www.walden3d.com/IronCounty/ig/IronCounty/IC_QMA.html
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Abstract - Geology and Water: The Framework of Southern Utah

H. Roice Nelson, Jr., a geophysicist (the University of Utah, 1974), has spent over 45 years working in oil & gas and mineral exploration.

Southern Utah is geologically unique. Built on a foundation of Pre-Cambrian schists and granitic intrusions are layers of shale, limestone, sands, 

and more shales. Jurassic deserts created the petrified eolian sand dunes we love to examine at Zion and Snows Canyon. Cretaceous age Dakota 

Sandstone, Tropic Shale, and Straight Cliff sandstones, shales, and coals seen up Cedar and Parowan Canyons underlay the Cedar Breaks and 

Bryce Canyon Claron Formation. These formations have been pierced by volcanic and granitic intrusions, creating volcanic flows, mineral 

mining, and fractured-quartz-monzonite aquifer opportunities in this area. This quality and diversity of seismic scale outcrop geology is not 

found anywhere else on Earth. 

Located at the southern end of The Great Basin, the structural geology ranges from horst and graben features, tied to a failed rift, to thrust and 

back-thrust blocks, and related folding. Transform faults from Cretaceous age spreading centers, shown below, define canyon and aquifer 

drainage patterns. This is the geologic and water framework Native American, Spanish Explorers, and Mormon Pioneers built their respective 

societies on. This geological review of Southern Utah focuses on on-going issues with and possible solutions to obtaining the water necessary to 

sustain Southern Utah population growth.
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Map of Model Area
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Sponge Model
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Sponge Model – Isolated Cedar Valley Aquifer
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