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Abstract
On April 2, 2023, a sinkhole formed on the northwestern flank of the Hull salt dome in the city of Daisetta, Texas. This nearly circular sinkhole is located adjacent to the southwestern edge of a larger sinkhole that collapsed in 2008. At the request of local emergency officials, we visited the sinkhole six days after collapse to map concentric fissures and scarps around the new sinkhole; conduct a drone-based, structure-from-motion survey to obtain high-resolution images and construct a post-collapse topographic map of the sinkhole area; measure water depth in both sinkholes; acquire differential GPS elevations to georeference drone imagery and detect elevation change; and use a passive seismic method to estimate the depth to cap rock or salt near the sinkhole. Data acquired during the initial site visit provided useful information about the sinkhole (including affected area, water depth, and expansion potential) to emergency responders and the concerned public. A high-resolution airborne lidar survey was flown five months after collapse to identify sinkhole-related change and screen nearby areas for recent subsidence.
Drone imagery, differential GPS measurements, and related field studies of the 2008 and 2023 Daisetta sinkholes revealed that the newer sinkhole has a smaller areal extent (70 m vs. 170 m diameter), shallower maximum water depth (9 m vs. 23 m), and a similar halo of concentric scarps, fissures, and cracks compared with the 2008 sinkhole.

Little information exists on the depth to the top of salt in the vicinity of the sinkholes. Both sinkholes are located on the edge of the dome where the depth to salt increases rapidly to the northwest. Passive seismic measurements using the HVSR (horizontal to vertical spectral ratio) method exhibited a strong spectral ratio peak at 0.91 Hz. Assuming an average shear-wave velocity for the area of 237 m/s for semiconsolidated strata overlying the dome, depth to cap rock or salt is about 65 m, somewhat shallower than reported depths to cap rock at Hull dome (79 to 87 m). The difference may be attributable to an inaccurate shear velocity estimate or natural variations in depth to cap rock or salt across the dome.

Pre-collapse evidence of potential sinkhole formation, important for early warning of future sinkhole collapse, included (1) ground movement and related structural damage noted about 16 months before collapse, and (2) elevation loss sufficient to create a water-filled low near the center of the 2023 sinkhole outline that is evident on aerial imagery acquired seven months before collapse. We interpret that additional collapse is possible to the edge of the currently fissured halo and perhaps beyond, but the collapsed area could also not expand much beyond its current extent (similar to the limited growth of the 2008 sinkhole). Future rapid collapse similar to that observed in 2008 and 2023 is possible in adjacent areas along the steep flank of the salt dome.
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