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An overview of potential impacts to mines 
and caves as a result of seismic activity

Earthquakes will result in shaking, both underground and on the surface of the earth.

The New Madrid Seismic Zone is near hundreds of mines and caves. 

We will be talking about some basics:

 What are seismometers, understanding their data and why are they used
 New Madrid Seismic Zone (NMSZ)
 Arkansas earthquakes
 Regional mines and caves near NMSZ
 How mines and caves may be impacted by earthquakes 
 How/if we can prepare and respond.



Seismology- the scientific study of 
sudden, violent movements of earth connected with 
earthquakes



Seismometer
Seismometers have been deployed worldwide by various research, governmental, and private organizations
to measure ground movement: 

1.) determine where earthquakes and related events occur, 

2.) studying earth’s interior

3.) determine peak ground acceleration/velocity, among others

 

Arkansas above ground installation
Hobbs State ParkTennessee Cave - Underground installation



An overview of potential impacts to mines 
and caves as a result of seismic activity

A point on the ground can move in three dimensions: 

1.) horizontally - north-south (captures the S-waves)

2.) horizontally - east-west (captures the S-waves)

3.) vertically – up-down direction (captures the P-waves)

 

Arkansas Above ground installationTennessee Underground installation






New Madrid Seismic Zone
Most seismically active area east of the Rocky Mountains.

Potential to produce earthquakes in the range of Mw7.7

Approximately 200-300 earthquakes per year in the central United States



Arkansas Earthquakes
01/2019 – 02/2025

9 permanent and temporary 
seismic stations 

deployed across the state



Seismology - Peak Ground Acceleration

In this map, seismic data has been used by engineers, geophysicists, seismologists, and geologists to
calculate peak ground acceleration (PGA). PGA is used to design buildings to withstand earthquakes.

These calculations are applied to the design of safe buildings in seismic building codes
(International Building Code IBC, IRC, or IEBC) and area resiliency.   

Seismic code provisions are intended to ensure that 
building structures can adequately resist seismic 
forces during an earthquake.

These calculations use the geology, depth to the 
earthquake, distance to the earthquake, and
earthquake magnitude

2018 National
Seismic Hazard 
Model Map



Regional Mines and Caves



2020  Karst map of Conterminous US

New Madrid Seismic Zone

https://www.usgs.gov/media/images/karst-
map-conterminous-united-states-2020



Crushed Stone Operations of Conterminous US    2020

New Madrid Seismic Zone

https://pubs.usgs.gov/periodicals/mcs2020/mcs2020.pdf



Mines & Quarries

Illinois
Kentucky
Coal, 
Mineral
Locations

Missouri 
Industrial 
Minerals &  
Metallic 
Mineral 
Waste 
Management

https://prairie-
research.maps.arcgis.com/apps/instant/sidebar/index
.html?appid=46011bf5296248108eed60eff71b46bc&lo

l
NMSZ

NMSZ

NMSZ

NMSZ



Mines



An overview of potential impacts to mines as 
a result of seismic activity

Some seismic data is used by mining companies (limestone/hard rock/metals/coal mines and quarries). 
Surface mines typically have to remove overburden to get to the ore body, which requires the use of explosives.

In accordance with the state and federal regulations, it is necessary for the mines to monitor the blasts that they i
 to ensure that nearby buildings and homes are within permitted limits and document blast events.  



Federal Regulations
applicable to the use of 

explosives



Case Study - Crandall Canyon Mine, Utah 
underground coal mine – was it a collapse or 

an earthquake?



IRIS Earthscope Consortium
https://www.iris.edu/hq/inclass/animation/3component_seismogr
am_records_seismicwave_motion

Crandall 
Canyon 

Underground 
Coal Mine 
Operation

https://www.iris.edu/hq/inclass/animation/3component_seismogram_records_seismicwave_motion
https://www.iris.edu/hq/inclass/animation/3component_seismogram_records_seismicwave_motion


Crandall Canyon Underground Coal Mine Operation
   140 miles south of Salt Lake City

Ayon Saha



Crandall Underground Coal 
Mining Operations

• Mine plans based on ‘room and pillar’ 
mining method.

• Practiced ‘retreat mining’ which included 
removal of coal left within pillars



Crandall Canyon Mine – underground coal mining 
operation

Dreger et al, 2008

Seismogram analysis from Mw 
3.9 seismic event on August 6, 
2007

Anomalous radiation pattern 
contrary to tectonic 
earthquake.

Pattern reflects a shallow 
underground collapse

Dreger, et al, 2008, Source Analysis 
of 
the Crandall Canyon Mine, Utah, 
Collapse, Science, Vol 321, July 11, 
2008.



Crandall Canyon Underground Coal Mine Operation

• Marston & Marston (mining engineers)
• Hired as Subject Matter Experts to evaluate Crandall Canyon - Mining techniques 

and relationship to collapse

• MSHA and Marston determined collapse due to several reasons:
• Inadequate mine design, unsafe pillar dimensions due to robbing of 

pillars on retreat
• Undersized pillars fail and rapidly shed their load to adjacent pillars 

which in turn fail
• Inadequate engineering management review
• Failed to revise mine plan following unsafe conditions
• Unauthorized mining practices increased geological stress levels on 

pillars
• MSHA found no evidence that a naturally occurring earthquake 

caused mine collapse



Caves



Earthquakes and Cave Stability, Greece

Grasemann et al, 2022

Mapped Korakia Cave on Pserimos 
island in the Dodecanese (Greece) prior 
& after to the 2017 Mw 6.6 Bodrum–
Kos earthquake 

Cave has an extensive record of 
damaged speleothems - caused by 
movements along normal faults 

Mapped 10 cm small stalactites, 
(actively growing in fractures in cave 
ceiling), had been chipped off by 
movements along the fractures during 
that earthquake. 

We conclude that movements along 
fractures or faults during seismic events 
can easily damage stalagmites and 
stalactites. 



Grasemann et al, 2022

Earthquakes and Cave Stability, Greece

Broken 5 cm horizontal offset conical dripstone 
which connected ceiling (hanging wall with 
cave floor (foot wag of normal fault

Flowstone wall cut by NW dipping normal fault; offset of 15 cm



Dreger et al, 2008

•



Cathedral Cave, Missouri (CCM)

Onondaga Cave State Park, Missouri



Research - Seismometers in Caves

• Jon Schmidt, Seth Carpenter, Zhenming Wang, Geologic Hazards 
Section, Kentucky Geological Survey

• Caves and boreholes provide some of the quietest environments
• Away from surface and cultural noise
• Temperature fluctuations
• Minimal air currents
• Boreholes – very expensive and hard to replace
• Caves – logistically simple to service

• Two Kentucky caves have seismometers installed
• MCKY (Mammoth Cave) Permanent
• CCKY (Carter Cave) Temporary















• Scott House,  CRF Operations Council for the Cave Research Foundation/Ozark Operations Area (CRF) (Cape 
Girardeau). 

• The CRF is a service organization that maintains cooperative relationships with many state and federal agencies in 
Missouri and North Arkansas as well as several non-government organization. The Cave Research Foundation (CRF) 
is a 501(c)(3) organization founded in Kentucky in 1957 for the purpose of facilitating cave research. 

• Today it continues its mission with operations across the country and in expeditions around the world. The CRF is 
administered by officers, a board and an operations council. An operations manager is appointed by the CRF board to 
coordinate and oversee activities within an operation. Other individuals within the operation may head specific 
projects or act as functionaries of one sort or another. 

• Scott House noted anecdotally there have been numerous occurrences of cave 
mappers in caves during minor seismic events in Perry County. 

• Scott experienced one himself, which amounted to a dull roar coming down 
the passage. As he has often told people, he would feel safer in a cave during 
an earthquake than in most any brick building.

Cave Research Foundation/Ozark Operations Area



Paul Tinsley USGS Research

https://earthquake.usgs.gov/contactus/me
nlo/seminars/963

NMSZTinsley et al, 2015.

Panno et al, 2009, 
Indiana Caves

Sampled caves
Disturbed cave
features 70 km distance

Commercial caves
Minimal disturbed
cave features



USGS Cave Studies
• John Tinsley, USGS, studied seismic activity related to caves. 

• He used elemental decay and found a relationship between 
“seismites” stalactite breakage known seismic events. 

• Research in Ozark National Scenic 
Riverways, as far south as Carter/Ripley 
counties in MO.
• Age dated damaged stalactites in the NMSZ region’s caves 
during the 1811-1812 earthquakes and A.D. 1450, A.D. 900, and 
2350 B.C. This data matches data from other researchers.

• Early results from caves in southern Indiana near the 
Wabash Valley Seismic Zone, East Tennessee Seismic Zone 
suggest earthquakes are fewer and far between in these regions- 
on the frequency of every 6000 years.

• His research shows that a M3.5 will 
most likely not break the seismites. 

• Anecdotally – believes caves are more 
stable



USGS - Questions posed to USGS on their website: 
Can you feel an earthquake if you are in a cave? Is it safer to be in a 
cave during an earthquake?
• There is nothing different about a cave that would make it immune to the 

shaking from an earthquake.
• Feeling an earthquake in a cave depends on 

• Magnitude/size of the earthquake
• Distance from the earthquake to the cave. The closer and larger the 

earthquake, the more shaking you’ll feel.
• Cave stability and shaking effects is based on limited observations and 

is a major area of active research.

https://www.usgs.gov/faqs/can-you-feel-earthquake-if-youre-cave-it-safer-be-cave-during-earthquake

https://www.usgs.gov/faqs/can-you-feel-earthquake-if-youre-cave-it-safer-be-cave-during-earthquake


USGS - Questions posed to USGS on their website: 
Can you feel an earthquake if you are in a cave? Is it safer to be in 
a cave during an earthquake?

• The complexity of the cave is important - issues of cave passage 
"stability".

• Small tube-like passage appears to be a relatively safe location 
that doesn’t tend to collapse or sustain much, if any, damage 
from earthquake shaking.

• Large cave passages or rooms are notably generally, stable 
places. It is in these areas where fallen chunks of limestone or 
marble are commonly observed, and where broken or toppled 
cave formations tend to be found.

https://www.usgs.gov/faqs/can-you-feel-earthquake-if-youre-cave-it-safer-be-cave-during-earthquake

https://www.usgs.gov/faqs/can-you-feel-earthquake-if-youre-cave-it-safer-be-cave-during-earthquake


USGS - Questions posed to USGS on their website

Can you feel an earthquake if you are in a cave? Is it safer to be in a cave 
during an earthquake?

• Collapse of portions of cave ceilings has been observed in caves, notably from caves in 
Missouri and Indiana near the New Madrid and Wabash seismic zones.

• Generally, yes, caves are safer in earthquakes, but it depends on the cave characteristics 
and where you are in it.

• *An interesting note: Cavers who have experienced earthquakes 
while underground have described sounds like a distant aircraft 
passing by; becoming perceptibly louder, then fading away.

https://www.usgs.gov/faqs/can-you-feel-earthquake-if-youre-cave-it-safer-be-cave-during-earthquake

https://www.usgs.gov/faqs/can-you-feel-earthquake-if-youre-cave-it-safer-be-cave-during-earthquake


Dreger, et al, 2008, Source Analysis of the Crandall Canyon Mine, Utah, Collapse, 
Science, Vol 321, July 11, 2008.

Samuel V. Panno, Mirona I. Chirienco, Robert A. Bauer, Craig C. Lundstrom, Zhaofeng 
Zhang, Keith C. Hackley. Possible Earthquakes Recorded in Stalagmites from a Cave in 
South‐Central Indiana. Bulletin of the Seismological Society of America, 2016; 
DOI: 10.1785/0120150240

Tinsley, J., Panno, S. 2015. Exploring paleoseismic signals from caves in the central 
and eastern USA. Geology

US Geological Survey  https://www.usgs.gov/media/images/karst-map-conterminous-
united-states-2020

US Geological Survey  https://pubs.usgs.gov/periodicals/mcs2020/mcs2020.pdf

IRIS Earthscope Consortium
https://www.iris.edu/hq/inclass/animation/3component_seismogram_records_seismicwa
ve_motion

Grasemann, B., Plan, L., Baron, I., Scholz, D., 2022, Co-seismic deformation of the 
2017 Mw 606 Bodrum-Kos earthquake in speleothems of Korakia Cave (Pserimos, 
Dodecanese, Greece. Geomorphology 402 (2022).

http://dx.doi.org/10.1785/0120150240
https://www.usgs.gov/media/images/karst-map-conterminous-united-states-2020
https://www.usgs.gov/media/images/karst-map-conterminous-united-states-2020
https://pubs.usgs.gov/periodicals/mcs2020/mcs2020.pdf
https://www.iris.edu/hq/inclass/animation/3component_seismogram_records_seismicwave_motion
https://www.iris.edu/hq/inclass/animation/3component_seismogram_records_seismicwave_motion


Mississippi Geological Survey  https://geology.deq.ms.gov/mining/viewer/

Indiana Geological & Water Survey  
https://igsmap.maps.arcgis.com/apps/MapSeries/index.html?appid=82c2ba306b6d4180
811a6ac8ec1eed08

Illinois Geological Survey  https://prairie-
research.maps.arcgis.com/apps/instant/sidebar/index.html?appid=46011bf5296248108e
ed60eff71b46bc&locale=en

Kentucky Geological Survey  https://kgs.uky.edu/kygeode/geomap/?LayoutID=33

Missouri Geological Survey  https://dnr.mo.gov/land-geology/maps-data-
research/geosciences-technical-resource-assessment-tool-geostrat

Tennessee Geological Survey  Mineral & Geologic Permits

Office of the State Geologist – Arkansas   https://www.geology.arkansas.gov/maps-and-
data/mining-maps-v1.html

https://geology.deq.ms.gov/mining/viewer/
https://igsmap.maps.arcgis.com/apps/MapSeries/index.html?appid=82c2ba306b6d4180811a6ac8ec1eed08
https://igsmap.maps.arcgis.com/apps/MapSeries/index.html?appid=82c2ba306b6d4180811a6ac8ec1eed08
https://prairie-research.maps.arcgis.com/apps/instant/sidebar/index.html?appid=46011bf5296248108eed60eff71b46bc&locale=en
https://prairie-research.maps.arcgis.com/apps/instant/sidebar/index.html?appid=46011bf5296248108eed60eff71b46bc&locale=en
https://prairie-research.maps.arcgis.com/apps/instant/sidebar/index.html?appid=46011bf5296248108eed60eff71b46bc&locale=en
https://kgs.uky.edu/kygeode/geomap/?LayoutID=33
https://dnr.mo.gov/land-geology/maps-data-research/geosciences-technical-resource-assessment-tool-geostrat
https://dnr.mo.gov/land-geology/maps-data-research/geosciences-technical-resource-assessment-tool-geostrat
https://www.tn.gov/content/tn/environment/permit-permits/mineral-geologic.html#mining
https://www.geology.arkansas.gov/maps-and-data/mining-maps-v1.html
https://www.geology.arkansas.gov/maps-and-data/mining-maps-v1.html


Thanks to:

Jon Schmidt, Seth Carpenter, Zhenming Wang, Geologic Hazards Section, Kentucky 
Geological Survey

Scott House, Cave Research Foundation/Ozark Operations Area (CRF)

Jon Tinsley, USGS seismologist - Emeritus

Missouri Geological Survey- GeoSTRAT

Daniel Lawrence   Division of Mineral & Geological Resources Tennessee Geological Survey
Illinois Geological Survey

University of Memphis Center for Earthquake Research and Information (CERI)
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