CHAPTER SEVEN

The Influence of Sedimentary Lithofacies on Surficial Processes in the Central Appalachians:  A Conceptual Model Based on Analysis of Landscapes Underlain by the Acadian Clastic Wedge
ABSTRACT
Resistant sandstone lithofacies of the Acadian clastic wedge support numerous mountain slopes throughout the central Appalachians, providing a dynamic geomorphic environment associated with slope failure, debris flow, and flooding.  Sandstone lithofacies play an important role in shaping watershed morphometry and regolith composition.  Preliminary analysis of three watersheds in the central Appalachians yields a conceptual model for local bedrock influence on surficial processes.  Selected 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.

Each area is primarily underlain by the Devonian Hampshire Formation, a clastic red-bed sequence derived from eastern tectonic highlands during the Acadian orogeny.  The Fernow and North Fork areas are located along depositional strike (north-south), and lie ~50 km to the west of Little River, which was more proximal to the Acadian source terrane.  Surficial mapping indicates that Hampshire lithofacies exert local control on the style of Quaternary hillslope processes.  The Fernow and North Fork areas exhibit only modest amounts of valley-bottom deposits in storage, and show little evidence of recent debris-flow activity.  In contrast, Little River has experienced historic debris flow and bouldery valley fill is abundant.  Stratigraphic analysis of the Hampshire Formation, near the study areas, suggests that sandstone lithofacies significantly influence hillslope morphology.  Critical quantitative parameters at the Fernow, North Fork, and Little River areas include, respectively: (1) average sandstone bed thickness (74 cm, 86 cm, 99 cm), (2) percent sandstone in section (41, 47, 71), (3) sandstone / shale ratio (1.2, 1.8, 2.7), (4) multi-storey / single-storey sandstone ratio (3.0, 3.8, 6.5), and (5) coarse member / fine member ratio (1.6, 1.7, 3.0).  Morphometric analysis demonstrates that the Little River is a steep, high-relief basin with high drainage density and propensity for debris flow.  The Fernow and North Fork are less rugged with gentler slopes and little evidence of debris flow.  Gravel analyses show no significant differences in clast size or shape for the respective channel systems.  The variations in hillslope morphology and style of process are attributed to proximal-distal relationships in the Hampshire Formation, relative to the Acadian source terrane.  

The conceptual model postulates that sandstone lithofacies produce steeper hillslopes in the Little River compared to the western areas.  Bouldery colluvium accumulates in zero-order hollows, resisting transport by normal streamflow processes.  Regolith accumulates until threshold thicknesses are attained, and a triggering meteorological event releases it to higher-order tributaries via debris flow.  Conversely, lithofacies relationships are such that gentler hillslopes are maintained at the Fernow and North Fork areas.  Regolith in low-order tributaries is transported incrementally by normal streamflow; thus, hollows do not attain critical slopes necessary for slope failure.  The model implies that spatial distribution of debris-slide failure in these landscapes is partly a function of sandstone lithofacies, hillslope morphology, and occurrence of high-intensity precipitation events.  Model concepts offer potential value in the development of hazards mitigation plans for the Appalachian region; however, further hypothesis testing and validation are needed.

INTRODUCTION

Bedrock lithology is a primary factor controlling processes in geomorphic systems (Bull, 1991; Schumm, 1977).  Rock type affects the style, caliber, and volume of sediment transported by drainage basins (Bovis and Dagg, 1987; Elfstrom, 1987; Kelson and Wells, 1989).  In the central Appalachians, varying lithologic resistance to erosion is the main influence on topographic development of mountainous landforms.  High relief and altitude are invariably associated with resistant lithology (Hack, 1980).  Quartzo-feldspathic sandstones of the Acadian clastic wedge support numerous mountain slopes throughout this region, providing a dynamic geomorphic environment associated with slope failure, debris flow, and flooding (Figure 7-1).  In addition, sandstone lithologies comprise the bulk of framework gravel contained in colluvial diamicton and channel alluvium.  Thus, sandstone lithofacies play an important role in shaping Appalachian watershed morphometry and regolith composition; however, systematic research is needed.

This study involves a comparative geomorphic analysis of three areas 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 7-1).  The Little River was subject to catastrophic flooding, slope failure, and debris flow as triggered by a convective storm during June of 1949 (Figure 7-2).  The classic paper by Hack and Goodlett (1960) documented the geomorphic response to this event.  Hack (1957) also characterized the influence of lithology on drainage basin morphometry in the Appalachians; his work spanned multiple rock types and varying stratigraphic assemblages.  The present study focuses solely on landscapes underlain by the Acadian clastic wedge.  This work expands upon the ideas of Hack (1957) and utilizes detailed lithostratigraphic analysis as a tool for understanding watershed morphometry.  A conceptual model is developed that links lithofacies variation to debris-flow occurrence in sandstone landscapes.

GENERAL SETTING
Physiography
The Fernow Experimental Forest lies in the Allegheny Mountain section of the unglaciated Appalachian Plateau province, 40 km west of the Allegheny structural front (Figure 7-1).  The area occupies 19 km2 of Monongahela National Forest and surface elevation ranges from 533 to 1,112 m (1748 to 3647 ft) AMSL.  The North Fork area also lies in the Allegheny Mountain section, but only 4 km west of the Allegheny structural front (Figure 7-1).  The 50 km2 area has surface elevations ranging from 853 to 1,386 m (2800 to 4546 ft) AMSL.  The Little River basin occupies 40 km2 in the Valley and Ridge province of central Virginia, 40 km east of the Allegheny structural front (Figure 7-1).  Mountain slopes are steep with elevations ranging from 500 to 1340 m (1680 to 4397 ft) AMSL.  Drainage basins at the Fernow and North Fork are headwaters of the upper Ohio River, while the Little River forms part of the Shenandoah-Potomac system.

The climate of all three areas is classified as humid continental (Lockwood, 1985).  Average yearly precipitation ranges from 1450 mm (57 in) at the Fernow area to 1000 mm (40 inches) at the Little River.  Regional weather systems are directed primarily from the west, with mid-latitude frontal systems and large-scale cyclonic disturbances common (Hirschboeck, 1991). Soils in all three areas are similar (Mesic Typic Dystrochrepts) and commonly form on bedrock hillslopes mantled with colluvium and residuum.  Each area is heavily forested by deciduous, coniferous, and mixed‑forest communities (Core, 1966; Braun, 1950; Hack and Goodlett, 1960).

Surficial Geology

  
Landforms in the central Appalachians are divided into hillslope and valley-bottom features.  The hillslope regime is further subdivided into noses, side slopes, and hollows (Hack and Goodlett, 1960; Taylor, Chapter 5, this volume).  Valley bottoms include channels, floodplains, fans, and terraces.  Colluvium and residuum are the most widespread surficial deposits, commonly occurring as veneers of diamicton on hillslopes (Mills and Delcourt, 1991).  Sandstone lithologies comprise the bulk of framework gravel contained in colluvial diamictons throughout Appalachian Plateau and Valley and Ridge.  Hillslope regolith is transported to low-order hollows via diffusive mass-wasting processes, such as slope wash, creep, frost heave, and bioturbation.  The sediment mass is delivered to higher-order tributaries by a spectrum of hydraulic processes ranging from debris flow to hyperconcentrated flow to normal streamflow (terminology after Pierson and Costa, 1987).  Each of these processes mobilizes sediment into and out of storage on the landscape, depending on clast size and energy level of the system (Mills, 1989).  Jacobson and others (1989a) suggested that catastrophic flooding and debris flow are the most effective geomorphic agents in the central Appalachians. 

Surficial geology of the Fernow and North Fork areas 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 local transport systems have been relatively effective at removing weathered material from the landscape (Taylor, Chapter 8, this volume).  No occurrences of historic debris-slide events are recorded in either the Fernow or North Fork study areas (Clark, 1987).  In contrast, the Little River basin is associated with historic debris-flow activity and bouldery valley fill is abundant (Hack and Goodlett, 1960).  Although the Fernow, North Fork, and Little River are similar with respect to gross geologic and physiographic characteristics, Little River is associated with more energetic sediment transport events and a higher volume of bouldery deposits in storage along valley bottoms (Taylor, Chapter 8, this volume).  Given the close proximity of the study areas, it is likely that they experienced similar climatic and vegetative conditions throughout the Quaternary.
Bedrock Geology


The study areas are underlain by upper Paleozoic sedimentary strata that have been moderately deformed into broad and open folds (Figures 7-3 and 7-4).  Exposed strata range in age from Late Devonian to Early Pennsylvanian.  In ascending order, these units include the Devonian Foreknobs Formation, the Devonian Hampshire Formation, the Mississippian Price (Pocono) Formation, the Mississippian Greenbrier Group, the Mississippian Mauch Chunk Group, and the Pennsylvanian Pottsville Group (terminology after Cardwell and others, 1968; Dennison, 1970; and Kammer and Bjerstedt 1986).  Significant portions of each study area are underlain by sandstones and shales of the Acadian clastic wedge, a mega-facies that encompasses the Foreknobs, Hamsphire, and Price (Pocono) formations (Boswell, 1988; Figures 7-3 and 7-4).  Greater than 75% of the North Fork and Little River areas are underlain by nonmarine facies of the Hampshire Formation.  The Hampshire accounts for approximately 60% of surface exposures at the Fernow area.  The Greenbrier-Pottsville interval is restricted in occurrence to the southeastern margin of the latter area (Figure 7-3).  Although there is local variation, the structure of each area is remarkably similar in that folds are broad and open, with dips less than 10 degrees.  Erosionally resistant sandstones of the Price (Pocono) Formation are notable ridge formers.

Figure 7-5 depicts an isopach and paleocurrent map for the Acadian clastic wedge in the central Appalachian region.  The clastic wedge thins in a westerly direction across the Appalachian basin, with paleocurrents derived from the east (Potter and others, 1977; McClung, 1983).  Depositional strike is oriented approximately north-south in the vicinity of the three study areas.  The Acadian clastic wedge is interpreted as a progradational, shallow-marine to nonmarine sequence derived from eastern tectonic highlands during the Acadian orogeny (Boswell and others, 1987; Dennison, 1988).  Red beds of the Hampshire Formation represent the nonmarine, fluvial phase of the wedge (Lewis, 1983).  Stratigraphic analysis suggests that the entire progradational sequence becomes younger to the west (Dennison, 1988; Dennison and others, 1996).  Thus, the North Fork and Fernow lie along depositional strike in a distal basin position, while the Little River lies in a more proximal position to the east.  Paleogeographic distance during the Late Devonian was much greater than present when structural shortening across the Allegheny Front is considered (Dennison and Woodward, 1963).  

COMPARATIVE ANALYSIS
The original working hypothesis postulated that proximal-to-distal relationships in the Acadian clastic wedge are manifested both in sandstone lithofacies content and style of surficial process at the study areas (Taylor, 1997a; 1997b).  This hypothesis was tested by use of lithostratigraphic analysis, clast-size measurement, and morphometric techniques.

Methodology
Lithofacies analysis was conducted on the Hampshire Formation in close proximity to the Fernow, North Fork, and Little River areas.  The Hampshire is the focus of the analysis as it has the most widespread distribution and supports the greatest percentage of hillslopes (Figure 7-3).  Since the degree of bedrock outcrop within the watersheds is extremely low, road-cut exposures were examined within 10 to 15 km of each area (Figure 7-6).  Sections were measured by Jacob-staff techniques with data collected on lithofacies type (sandstone, siltstone, shale) and bed thickness.  Lithofacies data were recorded in both log and spreadsheet format for subsequent quantitative analysis (Figure 7-7).  Analytical parameters include: (1) bed-thickness distribution, (2) lithofacies distribution (sandstone, siltstone, shale), (3) sandstone / shale ratio, (4) sandstone body organization (multi-storey vs. single-storey), and (5) vertical lithofacies distribution (coarse-member vs. fine-member cycles) (Table 7-1).


To test for the influence of lithofacies variations on surficial clast texture, particle-size analysis was conducted on channel gravel.  Sampling stations were located at equidistant points along the channel system and clast counts were completed following the methodology of Wolman (1954) (Figure 7-8).  To eliminate field bias in selecting stations, sample points were established on topographic base maps prior to field visitation.  A minimum of 50 clasts per station were sampled on a two-meter grid network, with measurement of short, intermediate, and long axes.  Only gravel clasts greater than 5 millimeters were considered in the analysis.  The results are presented in Table 7-2 and Figures 7-9, 7-10, and 7-11.  Hack (1957) employed similar techniques at various localities in the Appalachians.  He argued that although measurements are taken from the channel surface, the results are likely representative of framework clast distribution throughout the full thickness of deposit.

A standard suite of morphometric parameters (Horton, 1945; Strahler, 1957) were also computed using digital elevation models, vectorized topographic maps, and GIS techniques (Table 7-3).  The channel network was manually digitized, with channels identified by the contour-crenulation method (Strahler, 1957).  Channel slopes were calculated at control points using the nearest set of intersecting contour lines.  Drainage areas were determined by digitizing divides and using spatial algorithms provided in AutoCAD 12.0 (Autodesk, 1992).  Longitudinal channel profiles were digitized from control points established along the longest possible stream course (Figure 7-12).  Slope analyses were conducted on channel and hillslope segments using standard U.S. Geological Survey 30-meter digital elevation models (Figures 7-13 and 7-14).

Results
Lithofacies Analysis
Hampshire lithofacies characteristics at the three study areas are grouped according to proximal and distal associations, relative to the Acadian source terrane (Table 7-1).  Critical quantitative parameters at the Fernow, North Fork, and Little River include, respectively: 

1.  basin position = distal, distal, proximal;

2.  Hampshire formation thickness = 230 m, 275 m, 680 m;

3.  mean sandstone bed thickness = 74 cm, 86 cm, 99 cm;

4.  percent sandstone in section = 41, 47, 71;

5.  sandstone / shale ratio = 1.2, 1.8, 2.7

6.  average multi-storey sandstone body thickness = 290 cm, 306 cm, 355 cm;

7.  multi-storey / single-storey sandstone ratio = 3.0, 3.8, 6.5; and

8.  coarse member / fine member ratio = 1.6, 1.7, 3.0.

Data in Table 7-1 indicate that, compared to the other two areas, the Little River is underlain by Hampshire strata dominated by thickly-bedded, multi-storey sandstone bodies (Figure 7-15B).  The Hampshire Formation in the vicinity of the Fernow and North Fork areas is characterized by more thinly-bedded sandstone intervals and a greater shale percentage (Figure 7-15A).  Hence, lithofacies analysis supports the regional paleogeographic reconstruction depicted in Figure 7-5.  The Little River area lies in a more proximal position, closer to the Late Devonian depocenter.  This proximal basin setting was conducive to deposition of sandstone-dominated lithofacies during Hampshire time.  Conversely, the Fernow and North Fork areas were farther removed from the Acadian source terrane, with a concomitant increase of finer-grained lithofacies.

Clast Analysis
Gravel analyses show no significant differences in clast shape or size for channel alluvium at the respective study areas (Figures 7-9 and 7-10).  Intermediate-axis statistics for the Fernow, North Fork, and Little River areas include, respectively:

1.  mean  = 186.4 mm, 192.3 mm, 205.1 mm   (n=1709, 1790, 1969);

2.  standard deviation = 210.3 mm, 226.0 mm, 218.9 mm;

3.  median = 131.0 mm, 130.0 mm, 139.0 mm;

4.  mode of occurrence = 181.0 mm, 181.0 mm, 181.0 mm; and

5.  average of five maximum clasts = 602.5 mm, 661.1 mm, 682.6 mm.

Analysis of variance for intermediate-axis diameter supports the null hypothesis, no significant difference between areas, at an alpha of 0.01.  Shape analysis reveals that the Zingg oblate (disk) form is most common at all three areas (Figure 7-11).  The similarity of size and shape is remarkable, considering the lithofacies variations noted above, especially at the Fernow which also includes outcrops of the Greenbrier-Pottsville interval.  Clast data suggest that there is an optimal size and shape delivered to the respective channel systems, regardless of lithofacies composition or geographic location.  It appears that clast texture is controlled by a combination of lithologic heterogeneity and sediment-routing mechanisms, rather than absolute values of bed thickness.  

Morphometric Analysis
Morphometric analysis indicates that the Little River watershed is morphologically distinct compared to the Fernow and North Fork areas (Table 7-3).  Critical watershed parameters are summarized as follows:

1.  basin area = 15.2 km2, 49.3 km2, 41.5 km2 (Fernow, North Fork, Little River);

2.  basin relief = 0.586 km, 0.533 km, 0.828 km;

3.  hypsometric integral = 0.43, 0.60, 0.45;

4.  Shreve magnitude = 139, 287, 380;

5.  ruggedness = 2.5, 1.7, 3.9;

6.  drainage density = 4.2 km-1, 3.3 km-1, 4.7 km-1; and

7.  first-order stream density = 2.3 km-1, 1.8 km-1, 2.7 km-1.

By comparison, Little River is a rugged, high-relief watershed with a dense channel network.  It displays a strongly concave-up longitudinal profile, while the Fernow and North Fork profiles are straight to gently concave-up (Figure 7-12).  The ruggedness of the Little River area is also manifested in channel and hillslope gradients (Figures 7-13 and 7-14).  In both cases, the Little River displays significantly steeper slopes, with first-order tributaries and hillslopes averaging 22 degrees.  Similar landforms at the Fernow and North Fork average 17 and 18 degrees, respectively.  A z-test comparison of means (  =  0.05) rejects the null hypothesis, suggesting that Little River slopes are statistically steeper than those at the Fernow or North Fork.  Steeper slope gradients at the Little River are attributed to the increased content of resistant, multi-storey sandstone lithofacies discussed above.  The comparatively high sandstone content offers greater resistance to erosion, therefore supporting steeper slopes.  Conversely, the Fernow and North Fork areas are less rugged with gentler slopes and a greater shale percentage in the bedrock environment.  These spatial variations are attributed to proximal-distal relationships in the Hampshire Formation, relative to the Acadian source terrane.

DISCUSSION
Channel Profiles
Watershed relief in the central Appalachians depends on local base level, erosional history, and lithologic resistance to erosion.  These factors are manifested in longitudinal profiles and slope-drainage area relationships (Hack, 1957; Pazzaglia and others, 1998;  Sklar and Dietrich, 1998).  Concave-up longitudinal profiles are commonly associated with rivers in a graded condition (Mackin, 1948).  For a given discharge, channel-reach slopes are adjusted so they can provide the stream power necessary to transport sediments delivered from adjacent hillslopes.  Since neotectonic activity in the Appalachian Highlands is limited to slow rates of isostatic uplift (Gardner, 1989), base-level conditions downstream from the study areas are likely the primary factors limiting vertical incision.  The high-relief, concave-up profile of the Little River (Figure 7-12) indicates a high degree of channel incision relative to resistant drainage divides supported by the Pocono Formation.  Base-level and resistance factors at the Fernow and North Fork are such that the degrees of vertical incision and relief are much more subdued.  The Little River lies in the Shenandoah-Potomac system, which drains across lower Paleozoic limestone terrain of the Great Valley.  The distance from headwater to sea level is approximately 500 km.  Quaternary base level change in the lower Potomac is controlled by the interplay between eustatic sea level fluctuation and load-related flexural deformation (Pazzaglia and Gardner, 1994).  In contrast, the North Fork and Fernow watersheds form part of the upper Ohio system, which drains across sandstone-dominated landscapes of the Appalachian Plateau.  Distance from headwater to the Gulf of Mexico is on the order of  2500 km.  Glacial damming and drainage reorganization of the upper Ohio during the Quaternary has resulted in significant adjustment of local base level (Jacobson and others, 1988).  The high-relief, concave-up profile of the Little River is likely related to juxtaposition of resistant sandstone-capped mountain divides and erodible limestones of the Great Valley.  Local base level is controlled by contrasting lithologic resistance and variable rates of vertical erosion between sandstone-dominated and limestone-dominated substrates.  The low-relief profiles of the Fernow and North Fork watersheds are interpreted to represent downstream base level control in homogenous sandstone lithologies of the Appalachian Plateau.

The stage of vertical erosion through resistant sandstone horizons may also play an important role in shaping watershed morphology.  The Price (Pocono) and Pottsville units are notable ridge formers throughout the Appalachian Plateau and Valley and Ridge (Cardwell and others, 1968).  Resistant quartzose sandstones support mountain slopes at all three study areas.  The North Fork  has a high percentage of Price (Pocono) supporting ridge tops (Figure 7-3), and the watershed system has not deeply eroded through this resistant cap rock.  In contrast, the Little River has a much lower percentage of Pocono supporting ridge tops, suggesting a more mature stage of dissection through the resistant cap.  The immature stage of cap-rock erosion at the North Fork is evident in the high hypsometric integral compared with the other areas (Table 7-3).  With time, it is anticipated that hillslope gradients and relief will increase as the North Fork incises through the Price (Pocono) interval.

Drainage Area Relations
Hack (1957) constructed plots of channel slope versus drainage area for Appalachian watersheds of varying source lithology.  He determined that for drainage areas greater than 10 km2, channel gradients were demonstrably lower for less resistant substrates (e.g., limestone, shale) when compared to more resistant lithologies (e.g., sandstone, granodiorite).  Figure 7-16 incorporates slope-drainage area data from the study areas with the regression lines plotted by Hack (1957).  The clustering of site data (this study) with that of Hack's "Devonian sandstone" streams suggests inter-site uniformity with respect to watershed-scale erosion dynamics.  The cluster of Fernow outliers represents channel points that lie near local drainage divides.  Apparently, slope-area relationships at these positions are less constrained compared to the remainder of the data set.  The break in trend at a slope of 0.35 is similar to patterns recognized by Sklar and Dietrich (1998) for drainage basins in the Oregon Coast Range.  They concluded the trend represents a critical slope threshold, above which channel systems are dominated by debris-flow erosion, and below which, fluvial processes.  The erosive effects of debris flow have been documented by many workers (Benda, 1990; Wohl and Pearthree, 1991; Cenderelli and Kite, 1998), and is likely a factor controlling morphometry of low-order tributaries at the Little River.  Hack and Goodlett (1960) hypothesized that debris flow scour of zero-order hollows is the primary mechanism for extending the drainage net through time.  Thus, steep slopes and a propensity for debris flow at the Little River may explain the high drainage density compared to the Fernow and North Fork areas.  In a related study, Seidl and Dietrich (1992) concluded that a transition from debris flow to fluvial-dominated erosion within a single watershed suggests that multiple models for landscape evolution must be applied.  

Sklar and Dietrich (1998) demonstrated that profile concavity depends on the downstream rate of accumulation of drainage area, according to the relation:

(Equation 1)



A = cXdf
where A is drainage area, and Xd is channel distance from divide.  The exponent f describes the basin shape, typically varying between 1.0 and 2.0.  Figure 7-17 depicts drainage area-distance plots for the Fernow, North Fork, and Little River areas.  All three study areas plot co-linearly with an f value of 1.74, well within the range cited by Sklar and Dietrich (1998).  Co-alignment of data suggests similarity of basin shape.

Channel Gravel
The similarity of channel gravel between the areas is a surprising rejection of the original working hypothesis that sandstone lithofacies influence the caliber of sediment load.  The results are counter to preliminary data generated during the reconnaissance phase of research (Taylor, 1997a; 1997b).  The original hypothesis conjectured that gravel clasts would show increased diameters in the proximal lithofacies environment discussed above for the Little River.  As previously stated, clast data suggest that there is an optimal size and shape delivered to the channel system, regardless of sandstone lithofacies or geographic location.  It is possible that the original hypothesis may apply to clast-size relationships in hillslope regolith, but analysis has yet to be conducted in this setting.  If a difference in clast texture between hillslope colluvium and channel alluvium exists, then the style of delivery to the valley bottom must be considered as a modulating factor.  Residence time in watershed storage compartments may also play a role in shaping clasts delivered to the channel system.  It is reasonable to assume that the longer clasts remain stored in hillslope and footslope environments, the greater the degree of in-situ weathering and comminution (Dietrich and Dunne, 1978; Mills, 1988).  One possibility is that framework clasts in Little River colluvium are inherently larger as proposed in the original working hypothesis (Taylor, 1997a; 1997b), but increased valley-storage time results in comminution prior to channel delivery.  Alternatively, higher unit stream power during flood discharge events may result in greater clast abrasion and size reduction (see Taylor, Chapter 8, this volume).  Additional clast data are needed in hillslope settings to further refine a model explaining the observed similarity in gravel texture between the three areas.  Numerical chronologies will also be of great value in quantifying residence times.

A unique consideration of surficial material at the Fernow area concerns regolith derived from the Pennsylvanian Pottsville Group.  Thickly-bedded, pebbly sandstones of this unit yield large boulders up to several meters in diameter (Taylor, Chapter 2, this volume).  Pottsville regolith forms a veneer on upper hillslopes along the southeast margin of the Fernow area (Figure 7-3; Taylor, Chapter 2, this volume).  However, no Pottsville-derived boulders were encountered during clast measurements along Elklick Run, the principal drainage.  The results imply that southeastern hillslopes are not capable of delivering massive, large-diameter Pottsville boulders to the channel system.  In addition, the resistant Price (Pocono) Formation forms a mid-slope bench below the Pottsville, resulting in a natural energy dissipater.  At one locality, Pottsville boulders cover a Price (Pocono) bench, with isolated clasts transported 800 meters down slope from the parent outcrop.  Since evidence for debris flow is absent, it is likely that large-boulder transport is related to late Quaternary periglacial activity, perhaps gelifluction on shaley colluvium of the Mauch Chunk Group.  Irrespective of hillslope occurrence, Pottsville boulders are not transported to the axial drainage of Elklick Run.  These large clasts armor upland hillslopes and weather in place, until comminution results in diameters favorable for incremental transport into the channel system.

CONCEPTUAL MODEL
Geomorphic and lithofacies analysis of the three study areas yields a conceptual model for bedrock influence on surficial processes.  The model postulates that local variation in sandstone lithofacies of the Hampshire Formation is a primary factor controlling watershed morphometry and style of transport process at a given area. 

Figure 7-18 illustrates the influence of sedimentary lithofacies on surficial processes in zero- to first-order tributaries.  The difference in slope between the study areas is attributed to changes in sandstone lithofacies from west to east across the upper Devonian outcrop belt.  The left portion of the diagram depicts a model for the Fernow and North Fork areas.  The Hampshire Formation in each of these areas occupies a more distal basin position, and is associated with lower values of average sandstone bed thickness, percent sandstone, sandstone / shale ratio, and ratio of multi-story to single-story sandstone bodies.  Hillslopes constructed on Hampshire substrate in these areas are characterized by lower gradients and first-order stream density.  Diffusive mass wasting delivers colluvium to hollows.  As this colluvium reaches low-gradient hollow bottoms, it is subject to storage, comminution, and transport under conditions of normal streamflow.  As a result, the critical slopes and colluvial thicknesses necessary for debris flow are not attained and the regolith is incrementally transported to higher-order tributaries.

In contrast, the right portion of Figure 7-18 depicts the Hampshire Formation at the Little River.  This study area occupies a more proximal basin position and is associated with higher values of sandstone bed thickness, percent sandstone, sandstone / shale ratio, and ratio of multi-story to single-story sandstone bodies.  Comparatively, hillslopes in this area are characterized by higher gradients and first-order stream density, falling within the debris-flow occurrence range of Campbell (1975).  As a result, bouldery colluvium accumulates in lower-order hollows until critical thicknesses are attained, and a triggering meteorological event releases the material via debris flow.  The model implies that spatial distribution of slope failures in these landscapes is partially a function of sandstone lithofacies, hillslope morphology, and occurrence of high-intensity precipitation events.

Wilson and Dietrich (1987) presented a similar model, based on hydrogeologic investigation of small-scale watersheds in northern California.  They found that low-permeability bedrock results in saturated overland flow during high-frequency storms of relatively low magnitude.  Fluvial incision and gully-head advance serve as the primary mechanisms for low-order channel initiation and removal of colluvium.  Exfiltration along the hollow prevents build up of pore pressures at the bedrock-colluvium interface, encouraging incremental transport of colluvial sediments to the channel system.  Conversely, on steep hillslopes prone to colluviation, convergent subsurface storm flow tends to initiate landsliding and episodic evacuation of hollows by debris flow. 

CONCLUSION
Debris slide and debris flow are potential hazards throughout the central Appalachian region.  Results of this study have several important implications with respect to regional hazard assessment.  The Acadian clastic wedge supports numerous mountain slopes in Virginia and West Virginia.  The 1949 event at the Little River area attests to the ability of these hillslopes to spawn debris flow.  Model parameters suggest that wholesale risk assessment at the formation level may not be a valid approach; intra-formational lithofacies relationships must also be considered.  Sandstone content and lithofacies organization play an important role in shaping watershed morphology.  Generally, higher sandstone content leads to steeper slopes and a greater tendency toward debris flow.  The conceptual model offers potential value in the development of hazards mitigation plans for the central Appalachians; however, further hypothesis testing and validation are needed.  Systematic surficial mapping will aid in deciphering the influence of sandstone lithofacies on regolith production and style of hillslope processes in this region.
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