
PALEO-STREAM COMPETENCY AS A TEST OF THE DISTRIBUTARY FLUVIAL SYSTEM MODEL:
UPPER DEVONIAN CATSKILL FORMATION, CENTRAL PENNSYLVANIA

Christopher Oest, Haley E. Rodack, Alexandra Davatzes, Ilya V. Buynevich, and Dennis O. Terry, Jr. 
Earth and Environmental Science, Temple University, Philadelphia, PA 19122, christopher.oest@temple.edu

Earth and 
Environmental
Science

8. Conclusions

9. References

10. Acknowledgments

7. Conceptual Model

Andrews, E.D., 1983, Entrainment of gravel from natural sorted riverbed material: Geological Society of America Bulletin,  v. 94, p. 1225-1231. 

Cotter, E., & Driese, S. G., 1998, Incised-valley fills and other evidence of sea-level fluctuations affecting deposition of the Catskill Formation (Upper Devonian),     
 Appalachian foreland basin, Pennsylvania: Journal of Sedimentary Research, v. 68, p.  347-361.

Harper, J. A., 2002, Devonian, in Shultz, C.H., ed., The Geology of Pennsylvania: Pennsylvania Geological Survey, 4th ser., p. 109-127.

Komar, P. D., 1987, Selective gravel entrainment and the empirical evaluation of flow  competence: Sedimentology, v. 34, p. 1165-1176.

Komar, P. D., 1989, Physical processes of waves and currents and the formation of marine placers: Critical Reviews in Aquatic Sciences, v. 1, n. 3, p. 393-423.

Miles, C. E., and Whitfield, T. G., compilers, 2001, Bedrock geology of Pennsylvania: Pennsylvania Geological Survey, 4th ser., dataset, scale 1: 250 000.
 Nichols, G.J. and Fisher, J.A., 2007, Processes, facies and architechture of fluvial distributary system deposits: Sedimentary Geology, v. 195, p. 75 – 90.

Oest, C., 2015, Paleopedology and Fluvial Sedimentology of the Upper Devonian Catskill Formation, Central Pennsylvania: A Test of Distributive Fluvial System Model [MS   
 thesis]: Philadelphia, Temple University, in prep.

Shields, A., 1936, Application of similarity principles and turbulence research to bed-load movement. Mitteilungen der Preussischen Versuchsanstalt für Wasserbau    
 und Schiffbau, Berlin. In: Ott W.P. & van Uchelen, J.C. (translators), California Inst. Tech., W.M. Keck Lab of Hydraulics and Water Resources, Rept. No. 167. 

Weissmann, G. S., Hartley, A. J., Scuderi, L. A., Nichols, G. J., Davidson, S. K., Owen, A., Atchley, S.C., Bhattacharyya, P., Chakraborty, T., Ghosh, P., Nordt, L.C.,     
 Michel, L., and Tabor, N. J., 2013, Prograding distributive fluvial systems - geomorphic models and ancient examples, in Driese, S.G., Nordt, L.C., and McCarthy, P.J.,   
 eds., New frontiers in paleopedology and terrestrial paleoclimatology: Paleosols and soil surface analog systems: Society for Sedimentary Geology, Special Publication   
 104, p. 131-147.

A Student Assistance Grant awarded to C. Oest by the Society for Sedimentary Geology provided funding for 
this research. The authors would also like to thank the Department of Earth and Environmental Science for 
financial support. Thanks to  Phil Khaisman, Karen Kopcznski, Zach Maza, Wes Pickett, and Logan Wiest for 
countless hours of assistance in the field. Special thanks to Aaron Brunhofer, Chris Conwell, Chris 
Richardson, and Jess Welkey for preparing many of the thin sections used in this study. 

- Although median grain size does not substantially 
change, D90 and maximum grain sizes increase 
up-section

- As grain size increases, critical shear stress 
necessary to entrain sediment also increases
 
- Increased grain size and shear stress can be 
attributed to greater stream competency as channels 
transition from bifurcated, wide, shallow, and 
poorly-confined- to isolated, wide, relatively deeper, 
and well-confined up-section

- These trends are consistent with distributary fluvial 
systems, where channel depth and water velocity 
decrease downstream

Modified from Nichols and Fisher, 2007 and Weissmann et al., 2013

 Fluvial deposition in actively aggrading basins is dominated by distributary fluvial 

systems (DFS). DFS have a fan morphology resulting from a decrease in channel size, 

increase in channel bifurcation, and less channelized flow downstream. Depositional 

style varies across DFS as a function of these geomorphic elements, with channel 

deposition dominating proximal DFS environments and overbank deposition 

characteristic of distal regions. A prograding DFS will therefore result in a vertical 

succession from small, relatively fine-grained to large, coarser-grained channels. These 

properties may serve as criteria for identifying DFS in the rock record. The Upper 

Devonian Catskill Formation has been interpreted as a DFS based on variability in 

paleosol macro- and micromorphology and increased channel sandstone body size and 

grain size up-section (Oest, in prep.). The goal of this study is to quantify channel 

sandstone grain size throughout the section to support qualitative field observations. 

Channel sandstones were sampled from the top, middle and bottom of each of the four 

members of the Catskill Formation near Selinsgrove and Duncannon, Pennsylvania for 

petrographic analysis. Although median grain size varies minimally through the Catskill 

Formation, the 90th percentile grain size (D90) of channel sandstones increases from 

approximately 0.10 mm (very fine sand) at the base of the section to 0.45 mm (medium 

sand) at the top of the section. Critical shear stress (τC ) was calculated using D90 for 

each sample to assess variability in paleo-flow competency through time. We show τC  

increases from approximately 0.08-0.12 Pa at the base of the section to 0.20-0.45 Pa at 

the top of the section. The range in calculated values is due to fitting parameters used 

in these equations to account for unknown channel bed roughness. An increase in D90 

and calculated τC coincides with qualitative observations of increased channel body size 

and grain size up-section through the Catskill Formation. These results demonstrate the 

utility of paleo-flow competency analysis in identifying DFS in the fluvial sedimentary 

record.

1. Abstract

2. Methods

3. Study Locations

Site and Sample Locations 

• Oriented samples were taken from channel sandstones from the base, middle, and   

 top of each of lithostratigraphic unit of the Catskill Formation located near     

 Selinsgrove and Duncannon, PA.  

• Twenty one oriented samples were collected and cut into thin sections perpendicular  

 to bedding. Thin sections were stained with sodium cobaltinitrite and amaranth for   

 quick differentiation between plagioclase and  K-feldspar. 

Lab Analysis 

• Point counting (n = 400) was performed on a Pelcon automatic point counting    

 stage to determine mineralogical composition.

• Maximum diameters of each grain where measured using Nikon's NIS    

 Elements image acquisition software by fitting five point ellipses to grain boundaries.
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τC50* = 0.0834, b = 0.872
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