Lidar-derived karst feature inventory of
Huntingdon County, Pennsylvania:
Challenges to remote 1dentification of closed
depressions 1n the Valley and Ridge Province
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Figure 12- Slope shade imagery of naturally occurring, hon-karst depressions along
the crest of a sandstone ridge (left) and a break in slope (right). Yellow outlines the
depressions.

Abstract Figure 2- The largest closed depression in the study area is the 100-acre Warrior Ridge Depression found in the Silurian to Devonian limestones. White dotted line marks the edge of the depression. Photo taken from the spillover point.

Karst feature density mapping is vital for geohazard assessment, risk mitigation, and groundwater protection. Closed

depressions were identified in Huntingdon County using a modified, semi-automated method described by Doctor and Wall Challenges EXPLANATION
(2018). The study area, located in central Pennsylvania, is in an unglaciated part of the Appalachian Mountain section of the This project encountered challenges not faced in the pilot project in neighboring Mifflin County. The greatest Gensiy nde
Valley and Ridge Province. Twenty percent of the area is underlain by Cambrian, Ordovician, and Devonian carbonate rocks. challenge was the mantled Cambrian and Ordovician carbonates where residuum and colluvium created
Closeq depressions .gre.ajter than ning square meters and over 0.2 meters degp were identified using.the one-meter digital enigmatic closed depressions. Many of these features may be actual karst depressions, groundwater sapping I
elevation model and individually examined using slope shade, hillshade, and aerial imagery. The depressions were categorized structures, snow dune relics, periglacial patterned ground, or solifluction landforms. An additional challenge was

as karst, anthropogenic, alluvial, or natural non-karst features. Karst features were subdivided into closed depressions, springs, historical human impact. The population density is nearly half of Mifflin County, but there is greater evidence of

or swallets. historical human activity, including iron mines, exploration pits, ore wash pits, and charcoal hearths. The third

. _ _ . o . . - challenge was removing false sinks caused by natural phenomena such as landslides, breaks in slope, and : 2 ar - // , [,
This project encountered challenges not faced in the pilot project in neighboring Mifflin County. The greatest challenge was the solifluction. R ¥ oG i N W ‘ }
mantled Cambrian and Ordovician carbonates where residuum and colluvium created enigmatic closed depressions. Many of TGN ' -' IV
these features may be actual karst depressions, groundwater sapping structures, snow dune relics, periglacial patterned o tied karet - RO

ground, or solifluction landforms. An additional challenge was historical human impact. The population density is nearly half of
Mifflin County, but there is greater evidence of historical human impact, including iron mines, exploration pits, ore wash pits, Although the study area has not been glaciated, residuum-mantled karst posed unexpected
and charcoal hearths. The third Cha"enge was remOVing false sinks caused by natural phenomena such as IandSIideS, breaks S, s gy e T Cha"enges_ The Cambrian Gatesburg Formation consists of Sandstone, d0|omite’ |imestone’ and
in slope, and solifluction. The lower resolution of geologic mapping, only 25% mapped at 1:24k, as opposed to 75% in the pilot | | | o | o | o quartzite. It is deeply weathered, with reported depth to bedrock being typically 100 to 200 feet, and
study area, and increased structural Complexity did not hamper analysis due to the 1000-meter buffer applied in the analysis. Z/egr%earf- Near Tippery Spring showing high water flow versus normal flow with Dr. Will White for scale. Photographs used by permission from Dr. Ellen as much as 450 feet in places (Parizek and White, 1985) This thick mantle of sand, clay, and some

boulders extends beyond the Gatesburg exposures in the Nittany and Pennsylvania Furnace
anticlines. Its residuum mantles the Ordovician dolomite of the Nittany Formation exposed in the
intervening Marengo and Hostler synclines. This sand- and clay-rich mantle has been subject to
many geomorphic processes during its long weathering history. In addition to sinkhole development,
there are reported eolian influences (Cronce, 1988). There are many periglacial landforms that
potentially formed in this mantle including: groundwater sapping structures, snow dune relics,
periglacial patterned ground, wind-traverse corrugations, solifluction land forms, and ice wedge casts
(Figures 8 and 9; Ciolkosz et al, 1986). The Cambrian and Ordovician carbonates residuum and
colluvium created enigmatic closed depressions. Many of these features may be actual karst
depression, though it is difficult to be sure.

—— Streams

| Raystown Lake

Though Huntingdon County is currently less developed, two valleys have nearly twice the karst feature density as the pilot
study. Future development, including pipeline and infrastructure work, land stability evaluation, and groundwater protection
efforts need to be aware of risks associated with karst.

Location

Huntingdon County is located in the Valley and Ridge Province in central
Pennsylvania (Figure 1). Twenty percent of the county is underlain by
carbonate bedrock such as limestone and dolomite. This bedrock is
more easily eroded and tends to form the valleys or low ridges in broad
valleys. Cambrian- to Ordovician-age carbonates floor the Nittany Valley
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including a region called The Barrens. Ordovician carbonates from 0 100 200 300 400 | me— ;;mJ : T BN T e
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Hunitingdoy / : springs (Figures 2, 3, 4, and 5). Huntingdon County was selected for of 172,000 create & drainage pathway for each polnt In the landscape. Red dots 2 ;3 g Ll 1L e ¢ Wt e During the pilot study in Mifflin County it was determined that automated sinkhole
A‘F}u % ""3' % 5? é'#‘ follow up StUdy because it is Iargely rural and the karst is not mantled by Z;afk I;)latzes \r/tv??r'elztreams C{szrcizds, agc; the model M;I'/I ;’pLIJ;n;a d(alinage i iR il «’:’.é k‘-,YJ ;44; ,’ : :' ’ ; l“,.». 0, identification from QL2 lidar as outlined by Doctor and Wall (2018) is an effective
o Y. glacial deposits, two factors that complicate sinkhole identification. It is FOHITTE ST R Rt B T TORCTD TRove porriar s S = Wi IS P b el o s By 18 method to identify closed depressions, calculate statistics, and create a karst hazard
¥/ TS located directly west of the pilot study area in Mifflin County (Behr, Figure 5- Caves provide unique habitat for species of " IS KRR | 3 R : o | density map with limited staff and field time. It was expected that each county would
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Figure 1- Map showing the location of Huntingdon County (red) within Pennsylvania. _ o Methodology ;e()’fée,%ogfgg;gfsenggggogfsﬂsmggg pegslgglaet'g-ﬁnglsig snow  dune relics, or other  periglacial 5005  several surprises. The challenge of mantled karst was the greatest, followed by human
The light blue regions are underlain by carbonates. Why IS karSt hazard mapplng ImPOrtant? the [GIWErHGHHL, geomorphologies. impact, and non-karst, natural, closed depressions.
The process utilized to create the dataset is a series of automated algorithms outlined by Doctor and
It is important to know and understand risks on karst landscape. Sinkholes pose a geologic Wall (2018) which conditipn the digital elevation .model (DEM) to recliuce grtificial clli_gitall dams that form Though Huntingdon C.ounty IS currently less developed, two vallgys hgve ngarl_y twice
hazard that is a risk to lives, transportation, and buildings (Figure 4). The broken, weathered at road an(_j §tream crossings. It was pr_ocessed in ArcMap 10.8.1 with minor modlflqatlons. Bare-earth, Human impact jthe karst feature density as thg pilot stuFiy. Future development, mclgdmg pipeline and
carbonate rocks have open fractures, cavities, and solutional pipes, resulting from millennia 1-meter digital elevation models derived from_ QL2 lear collected in 2019 with sub ong-meter | | | B | | | o mfrastructure.work, Ianq stablllf(y evaluation, and groundwater protection efforts need to
of slow dissolution. These may be completely clogged by soil, clay, sand, and gravel and horizontal accuracy and better than ten-centimeter vertical accuracy were processed with the Limonite, goethite, and kaolinite were mined in Huntingdon County starting in the late 1700s. The be aware of risks associated with karst.
have no surface expression. Sinkholes form when soil collapses after deeper soils and NHDHighRes flowlines from the National Hydrography Dataset and TNM_Roads from the USGS iron ore was mined not from bedding planes, but from pockets where the quality and quantity made it
sediments wash in to these caverns and subsurface voids. New sinks may form suddenly National Map. The Hydrocuttervl_1 custom ArcGIS toolbox created by Wall et al (2015) contains profitable for mining. As the bedrock weathered, the iron dissolved and was redeposited. Often the Acknowledgements
following storms, droughts, high well pumping rates, or changes in land use. Increased models and SC“PtS_USGd in the. process. The.Cutter model and Hydro script were run three times, with iron in solution was transported towards, and precipitated in, paleo-sinkholes (Fagley, 2022). The | |
rainfall and storm intensity due to climate change, combined with development of Increasing scale (1.409,000, 1”.1.0,000, and 1.2,0(.)0)“to dralrl farther into the headwaters. Each time the names given to the types of ore by the miners hints at this process- wash ore, lump ore, and pipe ore The author acknowledges Da_mel Dgctqr, USQS and John Wall for creating the
communities in areas especially vulnerable to sinkhole development, will result in a rise of new flow paths were "burned” into the DEM. This "burned” DEM better represents how streams flow (Figure 10). In this study, these mines and the paleosinkholes they occupy were not included as workflow used here and for helpful discussion in guiding my research. Ellen Fehrs, PA
sinkhole formation incidents. through culverts or bridges not previously processed out of the bare-earth model (Figure 6). Finally, karst features. There are many closed depressions associated with iron mining. Exploration pits Geological Survey did the layout for the finalized map. Harry Wise, Bryan Crowell, and
the custom model Sinker_v2 was run. This fill-difference method was used to locate closed abound, extraction pits were noted, and potential wash pits were located. The wash pits were places others reviewed the abstract and poster. Bryan Crowell assisted with field
In karst areas there are often no surface streams. Rainfall drains through a system of depressions by "filling” closed depressions to their spill point. This filled DEM was then subtracted from where the clay was washed away from the iron. Many flat-bottomed depressions hold water. Could reconnaissance. Photographs provided by Dr. Ellen Herman and Derek Von Neida. |
underground passages. The hollow nature of karst means transport from the surface to the the original DEM to define area and depth of the depressions. The resulting DEM was then cropped to they be sinkholes whose throats are clogged with wash clay? Are they naturally occurring sinkholes? appreciate everyone’s assistance.
water table is rapid, so contamination can happen more easily and travel farther faster, the known carbonate areas with a 1,000-meter buffer to account for possible mapping error. The With this overlap of intense historical human impact and naturally occurring karst closed
impacting wells and springs. Streams and run-off often bypass the natural filtration provided resulting cropped DEM was used to locate all closed depressions greater than 9-square meters and depressions, the true origin becomes blurred. References

by vegetation and soil. Water may move thousands of feet a day so contaminants can 0.2 meters deep (N=23,140). These polygons were then reviewed for accuracy (Figure 7).

quickly reach wells and springs. Karst areas are also known for caves which provide unique
habitats for species of concern who depend on crevices in limestone and dolomite and clean
groundwater.
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Mifflin County and largely includes the same formations, with the

exception of the Cambrian carbonates, many natural non-karst closed
depressions were noted in this study area and not in the previous study.
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protection. This map can help to guide decisions to avoid areas of high risk or increase
awareness of, and preparedness for, the risks. Sound management on karst land requires

Figure 7- Each polygon must be assessed to determine if it is
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)\ shales also displayed closed depressions (Figure 12). The Clinton Group Parizek, R. R. and White, W. B., 1985, Applications of Quaternary and Tertiary geological factors to environmental
e\ also contains Mifflintown and Wills Creek Formations which may have problems in central Pennsylvania: Guidebook for the 50th Annual Field Conference of Pennsylvania Geologists, p
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Figure 11- Slope shade imagery of hilltop closed depressions were also observed (Figure 12). Wall, John, Doctor, D. H., Terziotti, S., 2015, A semi-automated tool for reducing the creation of false closed depressions
DEPARTMENT OF CONSERVATION landslide feature that has created closed from a filled LIDAR-derived digital elevation model. IN: Doctor, D. H., Land, L, and Stephenson J. B., eds, Processing of
depressions at the toe of the slide. Yellow the 14th Multidisciplinary Conference on sinkholes and the engineering and environmental impacts of karst, Rochester,

AND NATURAL RESOURCES PaGEODE outlines the depression. MN: NCKRI Symposium, National Cave and of Karst Research Institute, pp. 255-262.




