CHAPTER ONE

Introduction and Objectives 

INTRODUCTION
The nature and magnitude of watershed processes are of great interest to geomorphologists, hydrologists, forest ecologists and engineering geologists.  Many of the classic concepts of geomorphology, landscape evolution and surficial processes have been developed from studies in the mountainous landscape of the central Appalachians (Davis, 1888, 1889; Strahler, 1945;  Hack, 1960; Hack and Goodlett, 1960; Judson, 1975).  The steep, rugged valleys of this region are associated with a long history of catastrophic flooding and slope-failure events (Stringfield and Smith, 1956; Hack and Goodlett, 1960; Davies and others, 1972; Williams and Guy, 1973; Lessing and Erwin, 1977; Schultz, 1986; Clark, 1987; Jacobson and others, 1989a; Jacobson, 1993a, Howard and others, 1996; Wieczorek and others, 1996).  Storm-induced slope failure, debris flow and flooding are the primary mechanisms for sediment routing from low-order watersheds.  Damage from these events in the U.S. has totaled billions of dollars with the loss of hundreds of lives (Brabb and Harrod, 1989; Jacobson, 1993b, Gares and others, 1994).  In addition, the Appalachian region is experiencing continued development in the form of timber harvesting, highway construction and recreational facilities.  Understanding of geomorphic processes is critical for the appropriate design of land-use regulations, hazards mitigation and conservation planning.

The study presented herein involves a comparative geomorphic analysis of three watersheds underlain by interbedded sandstones and shales of the Acadian clastic wedge.  These areas include the Fernow Experimental Forest, Tucker County, West Virginia; the North Fork basin, Pocahontas County, West Virginia; and the Little River basin, Augusta County, Virginia (Figure 1-1).  Each study area is comprised of unglaciated, humid-mountainous topography sculpted by a suite of hillslope and fluvial processes.  The Little River area was subject to catastrophic flooding, slope failure, and debris flow activity as triggered by a convective storm during June of 1949.  Geomorphic response to this event was documented in a classic paper by Hack and Goodlett (1960).  The larger-scope objective of the study is to use the Little River as a benchmark for comparison with two geologically similar areas in West Virginia.  The general

purpose of this work is to examine the influence of local lithofacies variation and topography on the style and magnitude of surficial processes in the central Appalachians.

SITE LOCATIONS
Fernow Experimental Forest
The Fernow Experimental Forest is located in Tucker County, West Virginia, approximately 1.3 km south of the town of Parsons (latitude: 39o 02' 00" N to 39o 04' 50" N, longitude: 79o 39' 00" W to 79o 42' 00" W; Figure 1-2).  This 18 km2 study area lies in the Allegheny Mountain section of the unglaciated Appalachian Plateau physiographic province, 40 km west of the Allegheny Structural Front (Figure 1-1).  Topography is characterized by highly dissected uplands, steep slopes (10-60 percent) and narrow V-shaped valleys.  The area is bounded by Fork Mountain to the northwest and McGowan Mountain to the southeast (Figure 1-2).  Surface elevations range from 533 to 1,112 m (1748 to 3647 ft) AMSL.  Elklick Run and Stonelick Run are the primary drainages in the experimental forest (Figure 1-2).  These tributaries merge with Black Fork and Shavers Fork to form part of the Cheat-Monongahela river system.

North Fork Basin
The North Fork drainage basin is located in Pocahontas County, West Virginia, and lies approximately 3 km east of the town of Arbovale (38o 23' 11" N to 38o 28' 41" N latitude, and 79o 41' 24" W to 79o 47' 30" W longitude; Figure 1-3).  This 49 km2 study area also lies in the Allegheny Mountain section, but only 4 km west of the Allegheny structural front (Figure 1-1).  North Fork drainage comprises a fifth-order headwater of the Deer Creek watershed, which is tributary to the Greenbrier River.  The area is bounded by Buffalo Ridge to the west and by the Bald Knob-Bear Mountain ridge to the east (Figure 1-3).  The eastern boundary of the study area lies along the rugged drainage divide that separates West Virginia and Virginia.  Regional topography is characterized by highly dissected uplands, steep slopes and V-shaped valleys.  Surface elevations range from 853 to 1,386 m (2800 to 4546 ft) AMSL.

Little River Basin
The Little River basin is located in Augusta County, Virginia, approximately 20 km west of the city of Harrisonburg (latitude: 38o 22' 30" N to 38o 27' 30" N, longitude:  79o 09' 50" W to 79o 15' 00" W; Figure 1-4).  This 41 km2 study area lies in the Valley and Ridge province of central Virginia, 40 km east of the Allegheny structural front (Figure 1-1).  Little River comprises a sixth-order headwater of the North River, which in turn is a tributary to the South Fork Shenandoah River.  The area is bounded by Bald Mountain to the west, Timber-Hearthstone Ridge to the east, Reddish Knob to the north, and Chestnut-Big Ridge to the south (Figure 1-4).  Mountain slopes are steep with elevations ranging from 500 to 1340 m (1680 to 4397 ft) AMSL.

STATEMENT OF THE PROBLEM
The central Appalachian region is characterized by a humid-mountainous landscape that is associated with a dynamic suite of surficial processes.  Catastrophic debris slide, debris flow and flooding are persistent geomorphic hazards in the region.  The style, magnitude and recurrence interval of these events are governed largely by the interplay between climate, bedrock lithology and weathering rates.  Comparative geomorphic analysis of three areas underlain by the Acadian clastic wedge provides a data set from which to develop a conceptual model for local bedrock control on sediment transport efficiency in the central Appalachians.

Surficial geology of the Fernow and North Fork is characterized by steep, narrow V-shaped valleys with colluvial and residual veneer as the dominant deposits (Taylor and Kite, 1997; 1999).  Valley bottoms possess only modest amounts of fan and alluvial deposits in storage, suggesting that the local transport system has been relatively effective at removing weathered material from the watershed.  No occurrences of historic debris slide events have been recorded in either of the study areas (Clark, 1987).  In contrast, the Little River basin was the location of storm-related debris slide activity in June of 1949 and bouldery valley-fill is abundant (Hack and Goodlett, 1960).  The Little River is prone to severe flooding with additional high-flow events recorded in 1952, 1955, 1985, and 1996; however, catastrophic slope failure has been negligible since the 1949 flood (Osterkamp and others, 1995).  Although the Fernow, North Fork, and Little River are similar with respect to gross geologic and physiographic characteristics, the latter is associated with more energetic hillslope transport events and a higher volume of bouldery deposits in storage along valley bottoms.  The focus of this research is to identify the factors controlling these differences and to place them in the context of watershed process-response models for the central Appalachians.  The working hypothesis is that local lithofacies changes in the Acadian clastic wedge exert a control on regolith production and associated transport processes.

PURPOSE AND OBJECTIVES
The purpose of this project focuses on characterizing each area with respect to types and amounts of surficial deposits, topographic variation, and bedrock lithofacies relationships.  The specific objectives are to:  (1) complete a site geologic assessment (surficial and bedrock) for each area, (2) critically examine the thresholds for debris-flow, (3) assess subtle geologic factors that may control local topography and surficial processes, (4) assess local topographic factors that may control surficial processes, (5) analyze local watershed efficiency with respect to sediment transport functions, and (6) contribute to the development of process-response models for the central Appalachians, either by modification of existing concepts or derivation of new ones.

RELATED WORK
Determining the causative factors of catastrophic slope failure and debris flow has been a focus of research for numerous workers in the Appalachian region (Clark, 1987; Lessing and Erwin, 1977; Williams and Guy, 1973; Gryta and Bartholomew, 1989; Jacobson and others, 1993; Morgan and others, 1997).  Extrinsic factors include bedrock geology, rainfall intensity, and antecedent soil moisture.  Intrinsic factors include regolith thickness, shear strength, permeability, slope morphology and vegetative cover (Jacobson and others, 1989a).  Slope failures in the central Appalachians are commonly triggered by intense rainfall associated with tropical cyclones, mid-latitude cyclones or local convective thunderstorms.  The requisite meteorological conditions often occur in the summer months when evaporation rates and absolute humidity are at a maximum (Clark, 1987; Mills and others, 1987).  Most slope failures originate in existing hillslope hollows near the bedrock-soil interface, at a modest distance below the ridge crest (Clark, 1987; Hack and Goodlett, 1960).  Pre-existing slope depressions serve as convergence zones for subsurface flow, resulting in increased pore pressure and attendant slope failure (Dietrich and Dorn, 1984).  Debris slides commonly transform into debris flows as they mobilize down slope, creating a high-energy erosion system (Cenderelli and Kite, 1998).  The debris-flow process serves as the primary mechanism for transport of bouldery regolith from hillslopes to valley-bottom settings (Mills, 1989).  A principal problem addressed in this research pertains to why historic debris flow deposits occur in the Little River basin, but not in similar landscapes immediately to the west (Fernow and North Fork basins).

A critical element of hazards-reduction planning is delineation of the recurrence interval for a given catastrophic event (Gares and others, 1994).  Wolman and Gerson (1978) concluded that the recurrence interval of a geomorphic event is related to the time required for a landform to recover to the critical threshold that existed prior to initial disturbance.  As stated above, the prerequisites for slope failure include the availability of regolith, critical slope angle, and a triggering meteorological event.  Once a given site has experienced debris-slide failure, a time interval is necessary to replenish colluvial sediment to the scar area.  The recovery time is a function of bedrock, climate, weathering rates and slope processes (Dietrich and Dorn, 1984; Jacobson and others, 1989a; Mills and others, 1987).  Present knowledge of debris-flow recurrence intervals in the Appalachians is poorly constrained at best.  Several workers have attempted to recover this information by working with debris-fan stratigraphy in footslope storage areas (Kite, 1987; Kochel and Johnson, 1984; Kochel, 1987; Mills, 1986).  In one of the more successful studies, Kochel (1987) estimated debris-flow recurrence intervals of 3000-4000 yr on Holocene fans in the Virginia Blue Ridge.  Recent work by Eaton and McGeehin (1997) in the Rapadan basin of Virginia concurs with the Kochel estimates.  Although limited progress has been made in this arena, more work is needed.  The comparative analyses presented herein provide indirect evidence for varying rates of hillslope delivery to valley-bottom storage compartments at the selected study areas.

SIGNIFICANCE OF STUDY
Catastrophic flooding and hillslope failure create pervasive land-use hazards in the central Appalachian region and throughout the world.  Study of the production, transport and storage of surficial sediment in drainage basins is essential for understanding their evolution and geomorphic behavior.  Fluvial regimes are intimately related to hillslope sediment delivery and storage systems (Dietrich and Dunne, 1977).  The research presented herein provides an opportunity to independently test the effects of local controlling variables on this system.  Results are placed in the context of watershed process-response models, providing validation for existing landscape evolution hypotheses.  This work also makes an important contribution towards the development of a unified hazards-reduction plan for inhabited mountainous regions.  A thorough understanding of the causal factors for catastrophic slope failure is necessary prior to the advancement of wholesale risk-assessment strategies.

From a local perspective, very few detailed surficial geology maps have been prepared for the central Appalachian region.  Given the land-use hazards and resource development issues discussed above, the detailed maps produced by this work will be of great benefit to researchers from private, state and federal organizations.  Potential uses of the prepared map products include: (1) development of timber and soils management programs, (2) design of flood and landslide risk reduction strategies, (3) preparation of environmental impact assessments for highway and land development projects, (4) validation of remote sensing-based assessment techniques, and (5) impetus for further scientific research in the region.

PROJECT HISTORY
This dissertation project is an outgrowth of course work, field trips and discussions facilitated by Dr. J. Steven Kite in his graduate-level geomorphology courses at West Virginia University.  The ideas for this research were initiated during Research Assistant work on a surficial mapping project for the U.S. Forest Service at the Fernow Experimental Forest.  This initial investigation provided the impetus for critically examining the types of research problems presented by the mountainous landscape of the central Appalachians.  Project ideas advanced one step further following a field trip to the Little River basin in conjunction with the 1995 Binghamton Symposium.  Dramatic variation in the style and abundance of surficial deposits between the Fernow and Little River provided the backdrop for the critical questions posed in this document.  The study evolved to its final form in response to a Request-For-Proposal from the 1996-97 EDMAP program at the U.S. Geological Survey.  Customizing the dissertation goals to this RFP led to the inclusion of the North Fork study area in Pocahontas County, West Virginia. 
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