Earth Fissures and Surface Faults Accompanying

Aquifer-System Compaction and Land Subsidence
In the USA

DEVIN L. GALLOWAY
U.S. GEOLOGICAL SURVEY

ACKNOWLEDGMENTS: BRIAN CONWAY (ADWR)
AND JOE COOK (AZGS), TOM HOLZER (USGS)
AND MICHAEL CARPENTER (USGS-RETIRED)

IGCP-641 Workshop, Alicante, ES, 16 Nov. 2017



IGCP-641 Workshop, Alicante, ES, 16 Nov. 2017




Occurrence e Susceptible Hydrogeologic Settings
o Land Subsidence/Aquifer-System Compaction

Old saline water
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» Susceptible
Hydrogeologic Settings

o Land Subsidence/Aquifer-
System Compaction

= Almost all the permanent
subsidence occurs due to
the irreversible
compression or
consolidation of aquitards
(interbeds and confining
units) during the typically
slow process of aquitard
drainage (Tolman and
Poland, 1940).
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Occurrence e Susceptible Hydrogeologic Settings
o Land Subsidence/Aquifer-System Compaction

Maximum subsidence: San Joaquin
Valley near Mendota, CA—Joseph F.
Poland, ~9 m, 1977.
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EXPLANATION

® Selected known subsidence locations

_ Basin and Range basin-filf aguifers
| Califorria Coastal Bastn aguifers
| Central Valley aquifer system
| Coastal fowlundy aguifer system
. Derver Basin aguifer svstem
 Northern Atlantic Coustal Plair aguifer system Y )
; Rio [gmnde a(ﬂuifegzysrem”

Sualke River Plain basin-fill aguifers
| Surficial aguifer system S (Galloway et al., 2008)
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Occurrence

* Examples » Examples
o Surface Faults o Surface Faults/Earth Fissures
= Typically associated with 7 .

pre-existing faults and
land subsidence in at least | P
5 areas in the western k. e AR RS
United States (in AZ, CA,
TX, NV). The density of
faults varies greatly from
area to area, but is highest
In the greater Houston,
Texas subsidence areas.
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Occurrence

* Examples

o Surface Faults — Groundwater/Oil and Gas Extraction
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Pratt and Johnson (1926)

Pelley Fault, Goose Creek Oil Field, Houston, TX
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Occurrence

* Examples

o Surface Faults — Groundwater/Oil and Gas Extraction

10-20-83

Ethyl Fault, Houston, TX Hockley Fault, Houston, TX
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Occurrence

* Examples

o Earth Fissures

= Large tension cracks—are
commonly associated with
aquifer-system
compaction and
subsidence caused by
groundwater withdrawal.
Occur in many areas in the
United States.

Holzer and Galloway (2005)

Eroded Earth Fissure, Fremont Valley, CA
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Occurrence

Examples

o Earth Fissures — Groundwater Extraction

Apache Junction Fissure, AZ Earth Fissure, Las Vegas, NV




Occurrence
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Occurrence

» Relation to Subsidence/Subsurface Fluid Extraction
o Surface Faults, Houston Area, TX (Groundwater/Oil and Gas)
SUBSIDENCE, SURFACE FAULTS, AND MONITOR SITES
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Occurrence

» Relation to Subsidence/Subsurface Fluid Extraction
o Surface Faults, Las Vegas Valley, NV (Groundwater
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Quaternary faults
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Occurrence

» Relation to Subsidence/Subsurface Fluid Extraction
o Earth Fissures, Antelope Valley, CA (Groundwater)
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>3
)gI)Ed

N y
Subsidence 055

m ap ped w United States of America

using GPS S \ | !
Surveys dtgc'asw ~ Mexico\_{ Gulf of Mexice
(1935-1992) o 20km

and INSAR o o
(Oct. 1992-

Dec. 1995).
Fissure
appeared in
Jan 1991.

Atlangje Oce

a

hogers Lake

Fissure

Lancaster site E‘;:'j‘ “3 n?r'lca -
i s )

Increasing relative

0 10km
L T T T |

rT T T
0 10mi 0 10 20 30 40 50mm




Occurrence

» Relation to Subsidence/Subsurface Fluid Extraction
o Earth Fissures, Dragoon Rd., Cochise County, AZ (Groundwater)

5 | Apache Generating = [+ T g JAN :f subsidence,
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Occurrence

» Relation to Subsidence/Subsurface Fluid Extraction
o Differential Compaction/Subsidence

Lateral stresses induce
tension cracking.

Fissuring
“HW%
t Land surface

after subsidence

Earth Fissure Formation by
Differential compaction

~

As the land surface subsides,
alluvium stretches and even-
tually fails, generally in a

region of abrupt change Bedrock
in alluvium thickness.

Alluvium
Surface water infiltrates, dissolving
the natural cement bonding the
soil, connecting hairline cracks, and
further eroding and enlarging the
fissure.

Fissuring

Fissures are concentrated in
areas where the thickness

of the alluvium changes, such
as near the margin of basins
or where bedrock is near

the surface. Fissure progressively enlarges, cap-

turing surface runoff, sediment,
and debris.Eventually vegetation
establishes itself, creating a line of
vegetation along the trace of the
fissure.

Bedrock

Not to scale

Modified from Galloway et al., 1999




Site Measurements

» Surface Faults

o Houston Area, TX
Subsidence 1906-78 Groundwater Level Change 1977-85
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Site Measurements

o Surface Faults

o Houston Area, TX

= Vertical displacements on fault scarps greater in areas of groundwater-level decline
and subsidence, less in areas of groundwater-level recovery and reduced
subsidence
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Site Measurements

» Surface Faults
O Las Vegas VaIIey, NV
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INSAR reveals a
decreasing rate of
differential subsidence
across the Eglington fault
during 1992 — 97,
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groundwater-level 0 (M from Bell 1958 |
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Site Measurements
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Site Measurements

Horizontal movement of fissure correlated
with seasonal groundwater-level fluctuations
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Possible Mechanisms

Land or Free Surface

hanging
wall

A. Constant Width,
200 m
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Possible Mechanisms
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Possible Mechanisms

Failure Strain
; — = Fissure

- Strain
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Surface Faults
o Houston Area, TX

INCREASES OF SCARP HEIGHTS
HOUSTON-GALESTON, TEXAS
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