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Case History

A geophysical investigation of the active Hockley Fault
System near Houston, Texas

Shuhab D. Khan1, Robert R. Stewart1, Maisam Otoum1, and Li Chang1

ABSTRACT

Sedimentation and deformation toward the Gulf of Mexico
Basin cause faulting in the coastal regions. In particular,
many active (but non-seismic) faults underlie the Houston
metropolitan area. Using geophysical data, we have examined
the Hockley Fault System in northwest Harris County. Airborne
LiDAR is an effective tool to identify fault scarps and we have
used it to identify several new faults and assemble an updated
map for the faults in Houston and surrounding areas. Two dif-
ferent LiDAR data sets (from 2001 to 2008) provide time-lapse
images and suggest elevation changes across the Hockley Fault
System at the rate of 10.9 mm/yr. This rate is further sup-
ported by GPS data from a station located on the downthrown
side of the Hockley Fault System indicating movement

at 13.8 mm/yr. To help illuminate the subsurface character of the
faults, we undertook geophysical surveys (ground-penetrating ra-
dar, seismic reflection, and gravity) across two strands of the
Hockley Fault System. Ground-penetrating radar data show dis-
continuous events to a depth of 10 m at the main fault location.
Seismic data, from a vibroseis survey along a 1-km line perpen-
dicular to the fault strike, indicate faulting to at least 300-m
depth. The faults have a dip of about 70°. Gravity data show
distinct changes across the fault. However, there are two con-
trasting Bouguer anomalies depending on the location of the
transects and their underlying geology. Our geophysical surveys
were challenged by urban features (especially traffic and ac-
cess). However, the survey results consistently locate the fault
and hold significant potential to understand its deformational
features as well as assist in associated building zoning.

INTRODUCTION

Active faults in the Gulf of Mexico coastal plains were first stu-
died in 1926 as a result of local land-surface subsidence around an
oil production field near Galveston Bay (Pratt and Johnson, 1926).
Since then, hundreds of active faults have been identified in the
Houston metropolitan area (Verbeek et al., 1979; O’Neill and
Van Siclen, 1984; Mastroianni, 1991; Shaw and Lanning-Rush,
2005; Engelkemeir and Khan, 2007, 2008). The activity of these
faults may have resulted in land-surface subsidence in multiple
areas around the coast. Some of the historical subsidence in the
greater Houston area has been attributed to the extraction of subsur-
face hydrocarbons and more recently to groundwater withdrawal
(Sheets, 1971, 1979; Paine, 1993; Coplin and Galloway, 1999).

The continuing activity of such widespread down-to-the-coast faults
has resulted in an increase in lowland areas near the coast that
deform the land surface and have changed drainage pathways.
These have given rise to significant interest and concern about fault
activity in the Houston metropolitan area.

These faults are mainly identified as growth faults, which are pre-
sent in most coastal areas including the Houston-Galveston region
(Clanton and Amsbury, 1975; Dillon et al., 1982). Historically,
these growth faults have played a major role in oil and gas explora-
tion in the Gulf of Mexico. Substantial hydrocarbon accumulations
in the Gulf region are often related to growth faults or to salt struc-
tures (Ewing, 1983; Shelton, 1984); so, the ability to map faults in
such hydrocarbon-promising regions is a key to exploration. Addi-
tionally, mapping active faults is essential in areas where potential
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geohazards related to land-surface subsidence prevail. Fault-related
subsidence has been recorded in several locations around Houston.
Rates vary with location, but some areas have witnessed a subsi-
dence rate of several centimeters per year in northwest Houston
(Galloway et al., 1999). In Jersey Village (just outside of Houston)
alone, the annual subsidence rate for 30 km2 area was recorded at
5.6 cm�yr (Engelkemeir et al., 2010). Fortunately, these deforma-
tions have not given rise to substantial seismic events.

In summary, growth faulting, subsidence caused by withdrawal
of fluids, and salt tectonics are suggested mechanisms for these
faults. The objective of this work is to carry out a detailed integrated
study of these faults to identify the key driving mechanisms for
faulting in the greater Houston area and its potential societal impact.
As a first step toward this goal, this study produces a new map
for the surface faults in Houston and surrounding areas using air-
borne LiDAR data (Figure 1). Second, this work focuses on the
Hockley Fault System. This system extends over 12 km in length
in northwest Harris county, has a northeast–southwest orientation,
and is considered to be the one of the fastest-moving faults in the

region (Figure 1). Although this fault has been known since the
early 20th century (Verbeek and Clanton, 1978), very little is
known about its subsurface character. The scarp of the main fault
has been reported to be about 12 m in height at its northeastern part
(Turner et al., 1991; Saribudak, 2011). The main fault scarp crosses
a major state highway (Highway 290) that connects Houston with
Austin. In addition, a railroad parallel to the highway is also in ser-
vice. The fault also passes through Fairfield Village, which is a
highly populated residential area with over 25,000 residents, and
is just next to a large shopping center (Premium Outlet).

Figure 2 shows the general geology and stratigraphy of Harris
County. The older Willis Formation (Pleistocene) is primarily com-
posed of clays with lesser amounts of silts and sands (Figure 2a).
The Lissie formation (Pleistocene) mainly contains sands with few-
er silts and clays, while the Beaumont formation contains finer clays
with silt (Moore and Wermund, 1993). The contacts between these
formations are zones of low cohesion and thus can become normal
faults (Figure 2a). The Hockley Fault System is a good example,
because it lies at the contact between the Willis (clay-dominated)

Figure 1. Hillshade image generated from LiDAR DEM data of 2008. These data were used to identify fault scarps in Houston and surround-
ing areas, as well as salt dome in the subsurface. Salt dome locations are modified from Huffman (2004). Two patterns of faults can be seen; one
possibly associated with salt dome and other parallel to the coast line.
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and the Lissie (sand-dominated) formations. Fortunately, these de-
formations have not given rise to substantial seismic events.

DATA AND METHODS

Airborne LiDAR data were used to improve the existing maps of
faults in Houston and surrounding areas. Two generations of
LiDAR and GPS data were also used to measure the rate of
displacement along the Hockley Fault System. In addition, three
different geophysical techniques were employed in this study to in-
vestigate the Hockley Fault System in the subsurface. Ground-
penetrating radar (GPR), seismic reflection, and gravity data were
acquired across the fault in two different locations. Figure 3 shows
the two locations that were selected based on their exposure to the
fault line and accessibility for data acquisition. The first location
(location 1 in Figure 3) is at the intersection of the main fault trace
and Highway 290. Location 2 is on a private ranch, where a segment
of the Hockley Fault System extends about 4 km further to the north-
east. The relationship between the two fault segments in the two
locations is not clear, but the proximity and the orientation of these
two segments suggest that they are part of the larger Hockley Fault
System that extends to Tomball, which is approximately 10 km to the
northeast from location 2. Both segments are identified on LiDAR
images as normal faults dipping to the southeast (Figure 3).

LiDAR

Two sets of airborne LiDAR data are publicly available for the
Houston area: 2001, and 2008. The 2001 data set was collected by
Terrapoint LLC with horizontal accuracy of �0.75 m and vertical
accuracy of �15 cm. The North American 1983 High Accuracy
Reference Network (HARN) (NAD83 HARN) was used as the hor-
izontal datum and the North American Vertical Datum (NAVD)
1988 was used for the vertical datum for both data sets. Merrick
& Company collected the 2008 data with horizontal accuracy of
�0.7 m and vertical accuracy �9.25 cm. Each section of LiDAR
data had a corresponding digital elevation model (DEM) created.
The resolution of the DEM is 3 × 3 m for the 2001 and
1.5 × 1.5 m for the 2008 data. Engelkemeir and Khan (2008) used
the LiDAR data of 2001 and mapped faults in the Houston area. The
2008 LiDAR data have extended coverage and better resolution; we
used DEM and hillshade images generated from 2008 LiDAR data
to create an improved map for faults in Houston and its surrounding
area (Figure 1).

DEMs can be used to estimate the displacement of surface faults,
even faults with minor relief, such as those found in Houston. The
height of a fault scarp, measured over years, along a fault trace may
provide a measure of fault activity. With DEMs from different time
periods, it may be possible to compute the variation in height with
time and provide a measure of fault motion for the covered interval.
If DEMs are processed differently, direct changes between genera-
tions of DEMs can be misleading. These systematic variations can
be avoided by adopting procedures that operate on the individual
DEMs followed by computation of the scarp height differences.
This study uses one such procedure for computing scarp heights
from DEMs, which relies upon digitizing pairs of polygons on op-
posite sides of a fault scarp (Engelkemeir, 2008). The polygons are
digitized to provide a consistent estimate of the local elevation and
avoid elevation anomalies such as streams and buildings. This
estimate is assumed to provide a reasonable measure of the eleva-

tion within the polygon by using the polygons average elevation. A
pair of polygons on opposite sides of the fault should then provide a
suitable measure of the scarp height across the portion of the fault
between the polygons. Several statistical parameters were deter-
mined for each polygon for two generation of LiDAR data sets that
included elevation attributes of mean, minimum, maximum, and
standard deviation. The mean is used for subsequent scarp height
computation, whereas the other measurements provide for subse-
quently evaluating the results of elevation computations. A “throw”
is calculated which stores the elevation difference for each polygon
pair. Thirty-six pairs of polygons were used on the up and down-
thrown sides of the Hockley Fault System. Finally, the differences
between the two sets of throws for two generations of DEM were
computed, giving way to the slip rate.

Faults are often characterized as a surface of dislocation between
earth materials on opposite sides, although a zone of shearing better
characterizes many faults. The displacement can be decomposed
into throw and heave components, where throw measures the ver-
tical displacement and heave the horizontal. Normal faults generally
are steeply dipping (>60°), in the near surface, so the throw com-
ponent is often larger. Also indicative of normal faulting is an in-
crease in slip from their tips towards the middle of the fault
(Densmore et al., 2005). The amount of slip also provides an

Figure 2. (a) A geologic map of Harris County showing the three
major formations: the Willis, the Lissie, and the Beaumont (mod-
ified from Bureau of Economic Geology, 1992). (b) Stratigraphic
column for Quaternary formations in Harris County.
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indication of the amount of recent local activity along different por-
tions of a fault (Roberts and Michetti, 2004). Erosion also modifies
the shape of fault scarps and makes determination of heave more
difficult than throw. The polygon technique was employed to ex-
amine the rate of displacement along the Hockley Fault System
(Figure 4a). The average elevation within a polygon is assumed
to provide a reasonable measure of the elevation within the polygon.
A pair of polygons on opposite sides of the fault should then pro-
vide a suitable measure of the scarp height across the portion of the
fault between the polygons.

GPS

To check results on the rate of movement along the Hockley Fault
System obtained from LiDAR data, GPS data have been processed.
The Harris-Galveston Subsidence District (HGSD) in partnership
with National Geodetic Survey (NGS) employs a network of GPS
stations called periodically active monitors (Middleton, personal

communication, 2011) in conjunction with continuously operating
reference station (CORS) to monitor subsidence (Zilkoski et al.,
2003). Most of the GPS sites are intentionally kept away from salt
domes and active faults; fortunately, one GPS site, PAM 48 (Figure 3),
is located not far from the Hockley Fault System on its downthrown
side. We obtained raw data for this site from HGSD starting from
April 2007 to September 2011. Raw data were converted to Receiver
Independent Exchange (RINEX) format and were submitted to
Online Positioning User Service (OPUS). OPUS is an online, differ-
ential GPS postprocessing application developed by the National
Geodetic Survey that provides very reliable and accurate data.

GPR

GPR data were acquired along 2D profiles using the GSSI SIR-
3000 system with two sets of antennae: a 400 MHz antenna mounted
on a cart system, which provided images to approximately four me-
ters depth and a 100 MHz antenna system that provides up to ten

Figure 3. (a) LiDAR hillshade image showing detailed map of the Hockley Fault System. Notice that the Hockley Fault System is bounded by
Hockley and Tomball salt domes at the two ends. (b) Map showing locations of GPR, minivibe seismic, and gravity profiles along the feeder
road of highway 290. (c) Map of location 2 showing sites of GPR, seismic, and gravity surveys.
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