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 Causes of subsidence and earth fissures 

 Subsidence and fissures in southwest Utah 

 

 

 

 

 

Subsidence & Earth Fissures Arrive in Utah 

Outline 

• 1972 – Northern Escalante Desert (Milford area) 

• 2004 – Parowan Valley 

• 2005 – Southern Escalante Valley (Beryl Jct.)  

• 2009 – Cedar Valley 

 Hazards associated with subsidence 

and fissures 

 

 

 

 

 

Hazards associated with subsidence and 

fissures 



Geologic Setting of SW Utah Basins 

 Basin and Range Physiographic Province  

 Fault-bounded bedrock basins filled with unconsolidated deposits 

several thousand feet thick 

 Principle recharge is from precipitation, inflow from bedrock 

aquifers, irrigation, and streams 

 Groundwater pumping is the largest source of discharge 

 Agricultural and municipal pumping have increased significantly in 

southwestern Utah basins since the 1990s 



 Groundwater decline due to pumping that exceeds aquifer recharge 

 Compaction of fine-grained sediment resulting in permanent ground 

subsidence 

 Development of tension cracks (fissures) due to differential 

compaction (settlement) of the aquifer 

What Causes Subsidence and Earth Fissures? 



 Typically form as hairline cracks that may extend 

to water table 

 Enlarged by surface-water erosion 

How Earth Fissures Form 



Northern Escalante Desert - Milford 

 Cordova (1974) USGS/DNR Technical Pub. 43 

 First documented subsidence in Utah 

 Up to 30 feet of groundwater decline from 1950-1971 

4 inch offset 

 Pump/pipeline connection 

offset 4 inches 

 Subsidence often goes 

unnoticed in agricultural 

areas 



Parowan Valley 

 DuRoss and Kirby (2004) reconnaissance investigation:  

• Several earth fissures 

up to 660 feet long 

• Localized at eastern 

Parowan Gap and the 

Little Salt Lake playa 

• Both N-S and E-W 

trending 

• Fissure developed on 

Parowan Gap Road 



Parowan Valley Fissures 

Parowan Gap Parowan Gap Playa 

 DuRoss and Kirby (2004): 

• Fissure formation likely related to desiccation of clay-rich playa 

deposits due to water-level declines in Parowan Valley of up to 102 

feet since the early 1960s  - may have been enhanced by drought 

conditions. 



Parowan Valley 

Subsidence 



Southern Escalante Valley 

 January 2005 flood near Beryl Junction 



Escalante Valley 
Lund & others (2005) 

 Five earth fissures  

 Up to 1300 feet long 

 Hairline cracks 

 Deep erosional gullies 

 Differential displacement 



Escalante Valley 
Lund and others (2005) 

 Water table decline of up to 100 feet 

during the past half century led to aquifer 

compaction and land subsidence 

 Fissures formed in response to differential 

subsidence of basin-fill deposits 



Escalante Valley 
Interferometric Synthetic Aperture Radar (InSAR) 

 Persistent subsidence in 

north central part of valley 

(1993-2006) 

 Previously unmapped 

subsidence area in the 

southern end of valley 

appeared in 1999 

 Subsidence extent and rate 

are expanding in most areas 

 Maximum projected 

cumulative subsidence from 

1998 to 2016 will be 3.8 feet 

10/11/2005 

 

12/5/2006 

Forster (2006 & 2012) 



Cedar Valley 
Knudsen and others (2012) 

 May, 2009: Enoch City reports a “fault” 

bisecting the Parkview Subdivision 

 Cracked & displaced pavement/curbs 

 Reversed flow of sewer line 

 Nearly 2 ½ miles long fissure 

 Earth fissure, not a fault 

 First subsidence/fissure to cause 

substantial damage to Utah’s  built 

environment 

 



Cooperative Study With CICWCD 

 Map the extent of earth fissures in Cedar Valley 

 Assess the amount of groundwater-level decline in Cedar 

Valley 

 Map the subsurface extent of fine-grained compressible 

sediments 

 Quantify changes in land surface elevation  

 Prepare a final report and maps detailing findings including 

recommendations for subsidence/fissure mitigation 



Earth Fissure 

Inventory 

 Nearly 4 miles of 

fissures discovered 

in Cedar Valley 

 

 Two principal 

fissure areas 

identified: 

1. Enoch graben 

 

2. NW of Quichapa 

Lake 

 



 Enoch-graben-west 

fissure is the only 

fissure with vertical 

displacement 

 Associated with 

Quaternary faults 

ENOCH FISSURES 



Enoch 

Fissure Continues to Grow 

 Vertical displacement rate of the 

Enoch-graben-west fissure is about 

1.7 inches/year 

Aug ‘09 Apr ‘11 



Enoch Fissure Continues to Grow  
 Enoch-graben-west-fissure lengthening apparent on historical air photos  

 800 feet of southward lengthening from ’97 to ’06 

 Southern tip is currently within 1500 feet of established neighborhoods 



 Gullies 

 Aligned sink holes 

 Hairline cracks 

 Damaged stock pond 

 Likely more extensive 

than mapped 

QUICHIPA FISSURES 



Cedar Valley  

High Discharge Wells 

 Well pumping is by far the 

largest source of groundwater 

discharge 

 Since 1964, pumping has 

increased by approximately 

600 acre-feet/year 

 Agricultural pumping is the 

largest component of well 

discharge, but its percentage 

is decreasing while municipal 

pumping is increasing 



Groundwater Level 

Decline 
 UGS measured 33 wells in 

2009 

 Compared water levels to well 

data from 1939 

 Average drawdown 62 feet 

 Maximum drawdown 114 feet 

Former Marsh - Enoch 



Fine-Grained 

Sediment 

 Evaluated 300 drillers’ 

logs to produce a 

percent fines map 

 Used 98 drillers’ logs to 

create six cross sections 

 Our data plus several 

other studies used to 

determine area of thick 

(>100 feet), 

predominantly fine- 

grained sediments 

(hachured area) 



Subsidence 

 The majority of benchmarks installed and spirit leveled 

by the USGS and State Engineer prior to 1949 have 

been destroyed 

 Recovered only 24 benchmarks with accurate historical 

elevation data 

 12 BMs were leveled prior to 1949 

 12 Enoch City monuments were GPS measured in 1998 

 Benchmarks were re-measured by GPS in 2011 

 We compared the GPS results to the historical 

elevations to calculate subsidence 

 



1949-2011 

Subsidence 

 Results show nearly 1 

foot of subsidence in the 

Enoch area and 0.1-0.4 

foot of subsidence in 

some mid-valley 

locations (under 

estimation) 

 Extent and amount of 

subsidence remains 

unknown in much of 

Cedar Valley 

 There are no data for the 

southwestern part of 

valley near fissures and a 

municipal well field 



1998-2011 Subsidence in Enoch City 

 Results show up to 0.8 feet 

of subsidence in the central 

Enoch graben 

 Near-equal amounts of 

subsidence for the periods 

1949-2011 and 1998-2011 

indicate the onset of 

significant subsidence in 

the Enoch graben began in 

the late 90s 

 Repeat GPS 

measurements of a more 

dense network, and InSAR  

studies are needed to 

better understand/define 

subsidence in Cedar Valley 

 

 



Preliminary InSAR Results for Cedar Valley 

 Each interferogram 

developed for the periods 

1992-2000 and 2004-

2010 show measurable 

amounts of subsidence 

 Decorrelation prevented 

accurate estimates of 

subsidence in the Enoch 

graben  

(Katzenstein, in press) 



Preliminary InSAR Results for Cedar Valley 

 InSAR results show 

approximately 84 

square miles of 

Cedar Valley have 

been affected by 

some amount of land 

subsidence 



 

1. The water table in Cedar Valley has declined up to 114 feet due to 

groundwater pumping in excess of recharge since 1939. 

2. Basin-fill sediments in Cedar Valley contain a high percentage of fine-

grained material that is susceptible to compaction when dewatered.    

3.    The water table drop has caused permanent compaction of the Cedar 
Valley aquifer, and has produced measurable subsidence affecting 

approximately 84 square miles of the valley. 

4.  3.9 miles of earth fissures have formed in the western and northeastern 
parts of Cedar Valley. 

5. The Enoch-graben-west earth fissure exhibits ongoing vertical 

displacement; the rate of down-to-the-east displacement across the 

fissure is about 1.7 inches/year. 

6. Additional study is necessary to adequately locate all existing fissures, 

and define the distribution, amplitude, and rate of subsidence in Cedar 

Valley. 

Cedar Valley Study Conclusions 



 What can we can learn from other arid Southwest states 

with similar geologic settings and groundwater-mining  

issues 

Subsidence and Fissure  Hazards 



Subsidence and Earth Fissure Hazards 

 Can provide direct conduit for contaminated surface water to reach 

aquifers 

 Displacement on the Enoch-graben-west fissure has altered flow of 

Johnson Creek – water now ponds against the fissure escarpment in 

a cattle feed lot 

Beryl Junction 

2005 

Enoch 2011 



 Change flood 

patterns 

 January, 2010 flood in 

Wenden, Arizona 

 InSAR revealed a 

subsidence bowl near 

agricultural wells 

Wenden, AZ Subsidence Hazards 



 Canals, storm drains, water/sewer 

lines adversely affected 

 1992 – Flow reversed in Dysart 

Drain flooded Luke AFB, Arizona 

 Failure of well casings 

Las Vegas 

Subsidence Hazards 



Fissure Hazards 
 Undercut and damage 

infrastructure 

 AZ: hundreds of millions of 

dollars in damage to 

buildings, roadways, 

railroads, utilities, aqueducts, 

etc 

 NV: 135 homes abandoned 

and removed in North Las 

Vegas (cost =~$20 million) 
Windsor Park, 

Las Vegas 

Arizona 

Arizona 



 Subsidence has now been documented in four southwestern Utah 

basins 

 Subsidence and earth fissures have now adversely affected the built 

environment in Utah 

 Likely that not all existing subsidence areas and earth fissures have 

been identified in southwest Utah 

 If groundwater mining continues, subsidence will expand and new 

fissures will form 

 GPS, InSAR, and LiDAR can better identify the distribution and rate 

of subsidence and the location of earth fissures 

  Utah can learn from other arid Southwest states that have been 

dealing with the effects of subsidence for several decades 

Summary 



BOTTOM LINE 
 

Unlike most geologic hazards which can be mapped and then avoided or 

mitigated, land subsidence and earth fissures are a response to human-

induced groundwater mining; as such, they will continue to occur and may 

expand as long as groundwater mining continues.  The fact that land 

subsidence is not currently occurring in an area experiencing groundwater 

mining, is no guarantee that subsidence won’t commence there in the future.  

Likewise, the absence of detectable earth fissures at the ground surface in a 

subsiding area provides no assurance that fissures won’t form in the future.  As 

long as groundwater mining continues, land subsidence and earth fissures 

present long-term hazards to infrastructure that a hazard investigation, no 

matter how detailed, can only partially mitigate.  To ensure the safety of future 

or existing infrastructure in subsiding areas, it is necessary to bring long-term 

aquifer discharge and recharge into balance so that subsidence stops and 

land-subsidence and earth-fissure hazards dissipate.  


