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ABSTRACT 
 

This Staff Report presents the results of our preliminary investigation of ground subsidence in Raft 

River Valley, Idaho. We document significant ground subsidence using both remote sensed data 

and field reconnaissance. We observed cracks in building foundations, floors, and walls, as well 

as extensive ground fissures on the valley floor. Review of geologic maps, soil survey data, and 

groundwater well levels suggests that the ground subsidence is not related to tectonic activity but 

is likely caused by groundwater withdrawal. The complex, interbedded stratigraphic architecture 

of the basin fill likely facilitates ground subsidence. Well data show long-term, rapid, significant 

declines in groundwater levels across the Raft River Valley, especially the northern end of the 

valley. Interferometric Synthetic Aperture Radar (InSAR) deformation maps summed over 5 years 

from 2016 to 2021 show a pattern of subsidence focused on the northern Raft River Valley. This 

subsidence represents compaction of sediments and permanent loss of aquifer storage. 

 

 

INTRODUCTION 
 

The Raft River Valley in southern Idaho and northern Utah is a Basin and Range valley bounded 

by the Sublett and Black Pine Mountain ranges to the east, the Cotterel and Jim Sage Mountain 

ranges to the west, and the Snake River Plain to the north (Figure 1). The valley hosts a large 

groundwater aquifer that supports significant agricultural activity. The valley also contains a 

geothermal resource that is utilized by a commercial power plant with an 11 mega-watt (MW) 

generating capacity.  

 

In October 2023 the Idaho Office of Emergency Management notified the Idaho Geological Survey 

of cracks that were reported in the Malta elementary and high school buildings and asked us to 

investigate possible geologic contributing factors. We reviewed geologic reports and mapping, soil 

survey data, and groundwater data, conducted field reconnaissance, and created InSAR 

interferograms.  

 

Subsidence in the Raft River Valley has been documented for at least 50 years. Lofgren (1975) 

reported evidence of subsidence and fissures in the valley as early as the mid-1970s. Chi and 
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Reilinger (1984) included the Raft River Valley in a publication highlighting locations in the 

United States that have experienced subsidence as measured by geodetic leveling surveys. More 

recently, InSAR has been used to measure subsidence associated with the geothermal reservoir in 

the southern Raft River Valley (Ali et al., 2016; Liu et al., 2017; Li et al., 2021). 

 

 

GEOLOGIC AND TECTONIC SETTING 
 

The most detailed geologic mapping currently available for the Raft River Valley and surrounding 

mountain ranges in the Malta vicinity is by Pierce et al. (1983). According to available data, the 

Cotterel Mountains to the west of the valley are composed of Miocene rhyolite lava flows of the 

Jim Sage Volcanic Member of the Salt Lake Formation. The Raft River Valley is filled with a 

sequence of sediments, including the early Quaternary Raft Formation, consisting of calcareous 

sand, silt, and clay that is cemented to hard rock in places. On top of the Raft Formation are 

Quaternary alluvial fan deposits and thick loess deposits (Figure 2). Buried soils in the loess 

suggest several episodes of loess deposition followed by surface stability and soil development 

(Williams et al., 1982). 

 

The main tectonic structure in the area is the Malta fault, a Basin and Range normal fault mapped 

along the east side of the Cotterel Mountains, approximately 3.5 km west of the town of Malta. 

The geomorphic expression of the fault is limited to the steep range front. There are no Quaternary 

scarps or other tectonic geomorphic features associated with the Malta fault. The youngest deposits 

offset by the fault are Pliocene, thus the fault is likely not active or has a very slow slip rate. The 

only recorded seismicity in the Raft River Valley is a small cluster of 16 earthquakes less than 

magnitude (M) 2.4 approximately 30 km southeast of Malta in the Black Pine Mountains (USGS, 

2023). 

 

SOIL CHARACTERISTICS 
 

Surface soils have been mapped in detail by the U.S. Department of Agriculture Natural Resources 

Conservation Service (NRCS) Soil Survey. Malta High School and Elementary School are 

underlain by the Strevell series soil (map unit 140; Attachment A), which have high levels of 

sodium and calcium carbonate. Included at the end of this report are an NRCS custom soil resource 

report for the area around Malta High School and Elementary School (Attachment A) and an 

NRCS soil survey laboratory report for samples of the Strevell series soil taken near Malta 

(Attachment B). Based on physical and chemical properties (pH values greater than 8.5 and 

exchangeable sodium in excess of 40%), this soil would be considered a sodic soil, generally 

problematic and not well suited for agricultural production or for roads and foundations. Stresses 

induced by subsidence may be more pronounced in areas with these soil properties. 

 

GROUNDWATER 
 

Beginning in the 1960s groundwater levels have declined significantly (up to three feet per year) 

in some parts of the Raft River Valley due to long-term groundwater pumpage (Bendixsen, 1994; 

Idaho Department of Water Resources, 2022). Concerns about declining groundwater-level trends 

and availability of groundwater resources prompted designation of a critical ground water area 
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(Idaho Department of Reclamation, 1963) that includes the Malta vicinity. Ground surface 

subsidence can accompany areas impacted by groundwater declines because of the loss of pore 

water pressure and compaction of fine-grained sediments (Freeze and Cherry, 1979). Compaction 

of sediments is irreversible and results in permanent loss of aquifer storage. Interbedded valley fill 

with small, laterally discontinuous clay lenses is especially susceptible to compaction and 

subsidence (Borchers and Carpenter, 2014; Galloway, 1999; Figure 3). A three-dimensional 

lithologic model of the Raft River valley based on interpolation of lithologic records from available 

well drillersô reports (Clark, 2024) suggests that the aquifer is complexly interbedded with many 

thin clay layers and lenses (Figure 4). Groundwater hydrographs compiled by Clark (2024) show 

water elevations declining in many wells throughout the Raft River aquifer. Six wells in northern 

Raft River Valley (Figure 5) and six wells near Malta (Figure 6) all show significant, long-term 

decline in groundwater elevations. For example, in well 12S 26E 02ACC1 the groundwater 

elevation dropped approximately 180 feet from 1950 to 2022. 

 

REMOTE SENSING 
 

We produced InSAR interferograms of the northern Raft River Valley to map the spatial extent of 

ground subsidence. InSAR is a technique for measuring ground deformation with satellite radar 

images. Two images of the same location spanning an appropriate time span are compared and the 

phase difference is mapped. This can resolve surface changes <1 cm in magnitude. We used 

Copernicus Sentinel-1B images and GMTSAR software to process interferograms covering the 

Raft River Valley. We made five different interferograms, each covering a one-year span:  

 

10/26/2016-10/9/2017  

10/9/2017-10/16/2018  

10/16/2018-10/11/2019 

10/11/2019-10/17/2020  

10/17/2020-10/12/2021  

 

All the image pairs are ascending track, meaning that they were collected while the satellite 

traveled from south to north. Each one-year interferogram shows a consistent pattern of 

subsidence, with a large area of highest magnitude subsidence in the northern part of the valley, a 

small area of subsidence near the town of Malta, and a small area of subsidence on the western 

flank of the Black Pine Mountains (Figure 7). Large areas of uniform blue shades are likely not 

surface elevation changes, but uncertainty due to reduced coherence over the relatively long time 

interval, atmospheric effects, or topographic effects. We summed all 5 of the one-year 

interferogram results into a single composite dataset to show total deformation (Figure 7 through 

Figure 10). The deformation shown in these interferograms is only the component of ground 

subsidence along the satellite line-of-sight (LOS), not the vertical component, which is assumed 

to be smaller in magnitude but could not be calculated for this study. Regardless of the absolute 

LOS displacement values, the consistency of the spatial pattern of deformation is evidence for 

ongoing, prolonged subsidence, and can provide a starting framework for future targeted 

investigations. Because InSAR is sensitive to small changes in the ground surface, large changes 

between images will cause decorrelation and holes in the interferogram. This can be seen in areas 

under heavy agriculture in Figure 7 and Figure 8, corresponding with the Critical Ground Water 

Area. 
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FIELD OBSERVATIONS 
 

On October 26, 2023, Idaho Geological Survey and Natural Resource Conservation Service staff 

visited Malta to observe the structural damage and look for evidence of potential geologic causes. 

We visited the Malta High School, Malta Elementary School, Raft River Electric building, Malta 

LDS Church, and Bureau of Land Management property ~5 km south of Malta. All four buildings 

had cracked foundations, floors, exterior walls, and/or interior walls (Figure 11 through Figure 

19). Some cracks were more than 2 cm wide and are actively growing (Figure 12). Conversations 

with Malta residents suggested that structural damage has been occurring for several decades. 

Approximately 5 km south of Malta we observed a linear fissure that extends nearly 2.5 km striking 

north-south. The fissure is mostly continuous at the ground surface and is approximately 1 m wide. 

Residents reported that this fissure appeared suddenly in late 2014 (Figure 20 and Figure 21). Other 

residents have reported similar fissures as early as the 1960s. We mapped subsidence features 

(Figure 22), including structural cracks (Figure 23), ground fissures (Figure 24), and other 

lineaments observed in the field or on remote sensing data (Figure 25). Features mapped in this 

report and associated descriptions are intended for informational purposes only and should not be 

used in the implementation of any actionable decision.   

 

 

CONCLUSIONS 
 

We combined field observations, geologic and soils maps, groundwater well data, subsurface 

lithologic modeling, and InSAR interferograms to document and characterize ground subsidence 

in Raft River Valley. Building damage and ground fissures in and around Malta were caused by 

differential ground subsidence in Raft River Valley. The stratigraphic architecture of the Raft 

River Valley contributes to subsidence susceptibility because it contains thin interbeds and lenses 

of clay. Ground subsidence is likely the result of groundwater withdrawal and represents 

permanent loss of aquifer storage. We recommend that additional monitoring of ground surface 

elevations and buildings be conducted in Raft River Valley. More detailed work should be done 

to better understand the geologic and soil conditions that are contributing to subsidence.  
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CƛƎǳǊŜ нΦ DŜƴŜǊŀƭƛȊŜŘ ƎŜƻƭƻƎƛŎ ƳŀǇ ƻŦ ǘƘŜ wŀƊ wƛǾŜǊ ŀǊŜŀΦ .ƭŀŎƪ ƭƛƴŜ ƛǎ ǘƘŜ wŀƊ wƛǾŜǊ ŀǉǳƛŦŜǊ ōƻǳƴŘŀǊȅΦ CǊƻƳ ¦Φ{Φ DŜƻƭƻƎƛŎŀƭ 

{ǳǊǾŜȅ {ǘŀǘŜ DŜƻƭƻƎƛŎ aŀǇ /ƻƳǇƛƭŀǝƻƴ όIƻǊǘƻƴ Ŝǘ ŀƭΦΣ нлмтύΦ 
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CƛƎǳǊŜ оΦ {ŎƘŜƳŀǝŎ ŎǊƻǎǎ ǎŜŎǝƻƴ ƻŦ ŀǉǳƛŦŜǊ ŎƻƳǇŀŎǝƻƴ ǇǊƻŎŜǎǎŜǎΦ CǊƻƳ DŀƭƭƻǿŀȅΣ мфффΦ 
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CƛƎǳǊŜ пΦ {ǳōǎǳǊŦŀŎŜ ŎǊƻǎǎ ǎŜŎǝƻƴǎ ƻŦ ǘƘŜ wŀƊ wƛǾŜǊ ±ŀƭƭŜȅ ōŀǎŜŘ ƻƴ о5 ƳƻŘŜƭ ŘŜǾŜƭƻǇŜŘ ōȅ /ƭŀǊƪ όнлнпύΦ /Ǌƻǎǎ ǎŜŎǝƻƴ ǇǊƻŬƭŜǎ ŀǊŜ ǎƘƻǿƴ ƻƴ ƳŀǇ ƻŦ Lƴ{!w ǎǳǊŦŀŎŜ 
ŘŜŦƻǊƳŀǝƻƴΣ ǿƘƛŎƘ ƛǎ ŜȄǇƭŀƛƴŜŘ ƛƴ CƛƎǳǊŜ тπCƛƎǳǊŜ млΦ {ǳōǎǳǊŦŀŎŜ ƳƻŘŜƭ ƛǎ ōŀǎŜŘ ƻƴ ǿŜƭƭ ƭƻƎǎΤ ǿŜƭƭǎ ŀǊŜ ǎƘƻǿƴ ƻƴ ƳŀǇ ŀǎ ƎǊŜŜƴ Ǉƻƛƴǘǎ ŀƴŘ ƭŀōŜƭŜŘ ƻƴ ŎǊƻǎǎ ǎŜŎǝƻƴΦ
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CƛƎǳǊŜ сΦ DǊƻǳƴŘǿŀǘŜǊ ƘȅŘǊƻƎǊŀǇƘǎ ŦƻǊ ƳƻƴƛǘƻǊƛƴƎ ǿŜƭƭǎ ƛƴ ǘƘŜ aŀƭǘŀ ŀǊŜŀΣ wŀƊ wƛǾŜǊ ±ŀƭƭŜȅΦ bƻǘŜ ǘƘŀǘ ŀƭƭ ǿŜƭƭǎ ǎƘƻǿ ƭƻƴƎπǘŜǊƳ ƎǊƻǳƴŘǿŀǘŜǊ ŘŜŎƭƛƴŜΦ CǊƻƳ /ƭŀǊƪΣ нлнпΦ
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CƛƎǳǊŜ тΦ ¦ƴǿǊŀǇǇŜŘ ƭƛƴŜπƻŦπǎƛǘŜ ό[h{ύ Lƴ{!w ƛƴǘŜǊŦŜǊƻƎǊŀƳǎ ƻŦ ǘƘŜ wŀƊ wƛǾŜǊ ±ŀƭƭŜȅΦ ! ς нлмс ǘƻ нлмтΣ . ς нлмт ǘƻ нлмуΣ / ς нлму ǘƻ нлмфΣ 5 ς нлмф ǘƻ нлнлΣ 9 ς нлнл ǘƻ нлнмΣ 
C ς ǎǳƳƳŀǝƻƴ ƻŦ ŬǾŜ ƻƴŜπȅŜŀǊ ƛƴǘŜǊŦŜǊƻƎǊŀƳǎ ŦǊƻƳ нлмс ǘƻ нлнмΦ aƛǎǎƛƴƎ Řŀǘŀ ƛǎ ŎŀǳǎŜŘ ōȅ ŘŜŎƻǊǊŜƭŀǝƻƴΣ ǳǎǳŀƭƭȅ ǘƘŜ ǊŜǎǳƭǘ ƻŦ ƭŀǊƎŜ ŎƘŀƴƎŜǎ ƛƴ ǘƘŜ ƎǊƻǳƴŘ ǎǳǊŦŀŎŜ ōŜǘǿŜŜƴ 
ǘǿƻ ǝƳŜ ǇŜǊƛƻŘǎΦ [ŀǊƎŜ ŀǊŜŀǎ ƻŦ ǳƴƛŦƻǊƳ ōƭǳŜ ǎƘŀŘŜǎ ŀǊŜ ƭƛƪŜƭȅ ƴƻǘ ǎǳǊŦŀŎŜ ŜƭŜǾŀǝƻƴ ŎƘŀƴƎŜǎΣ ōǳǘ ǳƴŎŜǊǘŀƛƴǘȅ ŘǳŜ ǘƻ ǊŜŘǳŎŜŘ ŎƻƘŜǊŜƴŎŜ ƻǾŜǊ ǘƘŜ ǊŜƭŀǝǾŜƭȅ ƭƻƴƎ ǝƳŜ ƛƴǘŜǊǾŀƭΣ 

ŀǘƳƻǎǇƘŜǊƛŎ ŜũŜŎǘǎΣ ƻǊ ǘƻǇƻƎǊŀǇƘƛŎ ŜũŜŎǘǎΦ 
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CƛƎǳǊŜ уΦ ¦ƴǿǊŀǇǇŜŘ ƛƴǘŜǊŦŜǊƻƎǊŀƳ ǎƘƻǿƛƴƎ ŀǎŎŜƴŘƛƴƎ ǘǊŀŎƪ ƭƛƴŜπƻŦπǎƛƎƘǘ ό[h{ύ ǎǳǊŦŀŎŜ ŘƛǎǇƭŀŎŜƳŜƴǘ ǇǊƻŘǳŎŜŘ ŦǊƻƳ {ŜƴǝƴŜƭ 
м. ƛƳŀƎŜǎΦ {ǳƳ ƻŦ р ƻƴŜπȅŜŀǊ ƛƴǘŜǊŦŜǊƻƎǊŀƳǎ ŦǊƻƳ hŎǘƻōŜǊ нсΣ нлмс ǘƻ hŎǘƻōŜǊ мнΣ нлнмΦ .ƭŀŎƪ ƭƛƴŜ ƛǎ ǘƘŜ wŀƊ wƛǾŜǊ ŀǉǳƛŦŜǊ 
ōƻǳƴŘŀǊȅΦ [ŀǊƎŜ ŀǊŜŀǎ ƻŦ ǳƴƛŦƻǊƳ ōƭǳŜ ǎƘŀŘŜǎ ŀǊŜ ƭƛƪŜƭȅ ƴƻǘ ǎǳǊŦŀŎŜ ŜƭŜǾŀǝƻƴ ŎƘŀƴƎŜǎΣ ōǳǘ ǳƴŎŜǊǘŀƛƴǘȅ ŘǳŜ ǘƻ ǊŜŘǳŎŜŘ 
ŎƻƘŜǊŜƴŎŜ ƻǾŜǊ ǘƘŜ ǊŜƭŀǝǾŜƭȅ ƭƻƴƎ ǝƳŜ ƛƴǘŜǊǾŀƭΣ ŀǘƳƻǎǇƘŜǊƛŎ ŜũŜŎǘǎΣ ƻǊ ǘƻǇƻƎǊŀǇƘƛŎ ŜũŜŎǘǎΦ {ŀƳŜ ŀǎ CƛƎǳǊŜ тCΦ 
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CƛƎǳǊŜ фΦ ¢ƘŜ ǎŀƳŜ ǳƴǿǊŀǇǇŜŘ [h{ ƛƴǘŜǊŦŜǊƻƎǊŀƳ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ уΣ ōǳǘ ǿƛǘƘ ƳƛǎǎƛƴƎ Řŀǘŀ ŬƭƭŜŘ ōȅ ƛƴǾŜǊǎŜ ŘƛǎǘŀƴŎŜ 
ǿŜƛƎƘǝƴƎ ƛƴǘŜǊǇƻƭŀǝƻƴΦ .ƭŀŎƪ ƭƛƴŜ ƛǎ ǘƘŜ wŀƊ wƛǾŜǊ ŀǉǳƛŦŜǊ ōƻǳƴŘŀǊȅΦ [ŀǊƎŜ ŀǊŜŀǎ ƻŦ ǳƴƛŦƻǊƳ ōƭǳŜ ǎƘŀŘŜǎ ŀǊŜ ƭƛƪŜƭȅ ƴƻǘ 
ǎǳǊŦŀŎŜ ŜƭŜǾŀǝƻƴ ŎƘŀƴƎŜǎΣ ōǳǘ ǳƴŎŜǊǘŀƛƴǘȅ ŘǳŜ ǘƻ ǊŜŘǳŎŜŘ ŎƻƘŜǊŜƴŎŜ ƻǾŜǊ ǘƘŜ ǊŜƭŀǝǾŜƭȅ ƭƻƴƎ ǝƳŜ ƛƴǘŜǊǾŀƭΣ ŀǘƳƻǎǇƘŜǊƛŎ 

ŜũŜŎǘǎΣ ƻǊ ǘƻǇƻƎǊŀǇƘƛŎ ŜũŜŎǘǎΦ 
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CƛƎǳǊŜ млΦ [ƛƴŜπƻŦπǎƛƎƘǘ ŘŜŦƻǊƳŀǝƻƴ ŎƻƴǘƻǳǊǎ ŘŜǊƛǾŜŘ ŦǊƻƳ ǳƴǿǊŀǇǇŜŘΣ ƛƴǘŜǊǇƻƭŀǘŜŘ ƛƴǘŜǊŦŜǊƻƎǊŀƳ όCƛƎǳǊŜ фύΦ .ƭŀŎƪ ƭƛƴŜ ƛǎ 

ǘƘŜ wŀƊ wƛǾŜǊ ŀǉǳƛŦŜǊ ōƻǳƴŘŀǊȅΦ 
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CƛƎǳǊŜ ммΦ ±ŜǊǝŎŀƭ ŎǊŀŎƪ ƛƴ ŜȄǘŜǊƛƻǊ ǿŀƭƭ ƻŦ aŀƭǘŀ IƛƎƘ {ŎƘƻƻƭΦ 
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CƛƎǳǊŜ мнΦ /ǊŀŎƪ ƛƴ ŀƴ ƛƴǘŜǊƛƻǊ ǿŀƭƭ ƻŦ ǘƘŜ ǿǊŜǎǘƭƛƴƎ ǊƻƻƳ ƛƴ ǘƘŜ aŀƭǘŀ IƛƎƘ {ŎƘƻƻƭΦ 
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CƛƎǳǊŜ моΦ {ŜǇŀǊŀǝƻƴ ƻŦ ƅƻƻǊ ǝƭŜǎ ƛƴ ǘƘŜ aŀƭǘŀ IƛƎƘ {ŎƘƻƻƭΦ 
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CƛƎǳǊŜ мпΦ /ǊŀŎƪ ƛƴ ǘƘŜ ǿŀƭƭ ƻŦ ǘƘŜ aŀƭǘŀ 9ƭŜƳŜƴǘŀǊȅ {ŎƘƻƻƭΦ 
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CƛƎǳǊŜ мрΦ /ǊŀŎƪ ƛƴ ǘƘŜ ƅƻƻǊ ƻŦ ǘƘŜ aŀƭǘŀ 9ƭŜƳŜƴǘŀǊȅ {ŎƘƻƻƭΦ 
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CƛƎǳǊŜ мсΦ /ǊŀŎƪ ƛƴ ŀƴ ƛƴǘŜǊƛƻǊ ǿŀƭƭ ƻŦ ǘƘŜ wŀƊ wƛǾŜǊ 9ƭŜŎǘǊƛŎ ōǳƛƭŘƛƴƎΦ 
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CƛƎǳǊŜ мтΦ /ǊŀŎƪ ƛƴ ŀƴ ƛƴǘŜǊƛƻǊ ǿŀƭƭ ƻŦ ǘƘŜ wŀƊ wƛǾŜǊ 9ƭŜŎǘǊƛŎ ōǳƛƭŘƛƴƎΦ 
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CƛƎǳǊŜ муΦ /ǊŀŎƪ ƛƴ ŀƴ ƛƴǘŜǊƛƻǊ ǿŀƭƭ ƻŦ ǘƘŜ aŀƭǘŀ [5{ /ƘǳǊŎƘΦ 
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CƛƎǳǊŜ мфΦ /ǊŀŎƪ ƛƴ ŀƴ ƛƴǘŜǊƛƻǊ ǿŀƭƭ ƻŦ ǘƘŜ aŀƭǘŀ [5{ /ƘǳǊŎƘΦ 
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CƛƎǳǊŜ нлΦ CƛǎǎǳǊŜ ƛƴ ǘƘŜ ƎǊƻǳƴŘΣ ŀǇǇǊƻȄƛƳŀǘŜƭȅ р ƪƳ ǎƻǳǘƘ ƻŦ aŀƭǘŀΦ 












