CHAPTER THREE

Surficial and Bedrock Geology of the Upper North Fork Drainage Basin, Monongahela National Forest, Pocahontas County, West Virginia
ABSTRACT

The bedrock and surficial geology of the North Fork drainage basin in Pocahontas County, West Virginia were recently mapped as part of the EDMAP component of the U.S. Geological Survey National Cooperative Geologic Mapping Program.  This work comprises part of the author's dissertation research at West Virginia University, and provides a valuable data set from which to assess watershed transport efficiency in the central Appalachians.  This report serves as explanatory text to accompany the set of maps prepared for the North Fork basin.  The map products include: (1) 1:12,000 topographic base map, (2) 1:12,000 bedrock geology map with cross-sections, (3) 1:9,600 surficial geology map with expanded explanation, and (4) 1:12,000 soils map derived from county soil survey data (Natural Resources Conservation Service, in press).

The 49 km2 study area lies in the Allegheny Mountain section of the unglaciated Appalachian Plateau.  Bedrock is comprised of moderately folded Upper Paleozoic sedimentary strata.  The climate is humid continental and soils are composed mainly of Typic Dystrochrepts.  Natural vegetation is that of a mixed-hardwood forest assemblage.

Mappable lithostratigraphic units in the area include the Devonian Foreknobs Formation (Greenland Gap Group), the Devonian Hampshire Formation (Canon Hill and Rowlesburg members), and the Mississippian Price (Pocono) Formation.  These strata are comprised primarily of clastic sediments derived from eastern tectonic highlands during the Acadian orogeny.  The stratigraphic section was subsequently folded and fractured in response to the Late Paleozoic Alleghanian orogeny.  The rocks have been exposed through a process of erosional unroofing and isostatic uplift.

Surficial deposits at the North Fork basin are mapped on the basis of a four-fold classification including age, origin (genetic process), landform, and material (texture).  Large-scale landform units include hillslope and valley-bottom features.  Hillslopes are subdivided into hollows, noses, side slopes and footslopes.  Valley-bottoms are comprised of channels, floodplains, and terraces.  Hillslope deposits are composed of colluvial and residual boulder diamicton.  Footslope areas are sites of fan and apron deposits.  Valley-bottom sequences are composed largely of imbricated coarse-grained facies.  The ages of surficial deposits in the study area are unknown; however regional chronologies suggest that colluvium is in part Late Pleistocene (>10,000 Ka) while alluvium is mostly Holocene in age (< 10,000 Ka).

INTRODUCTION
This document is submitted as a final technical report to the U.S. Geological Survey National Cooperative Geologic Mapping Program, EDMAP, as specified by contract no. 1434-HQ-96-AG-01561 ("Bedrock and Surficial Geology of the Upper North Fork Drainage Basin, Monongahela National Forest, Pocahontas County, West Virginia").  All work presented herein comprises part of the author's dissertation research, under the supervision of Dr. J. Steven Kite, faculty advisor for the surficial studies program at West Virginia University.  The immediate objective of this project is to generate a set of digital bedrock (1:12,000) and surficial (1:9,600) geology maps for the North Fork basin.  The larger goal of the dissertation is to use the digital map base for a regional assessment of watershed transport efficiency in the central Appalachians.  A companion EDMAP study focuses on mapping similar landscapes in the Little River basin of Virginia (contract no. 1434-HQ-97-AG-01782).  

This report serves as explanatory text to accompany the set of digital maps included with this document.  Table 3-2 summarizes the map products.  For convenience to the reader, the large-scale map sheets are reduced and included as page-size figures in the body of the text.

GENERAL SETTING 
Physiography

The North Fork drainage basin is located in Pocahontas County, West Virginia, approximately 3 km east of the town of Arbovale (Figures 3-1 and 3-2).  This study area occupies approximately 49 km2 of the Monongahela National Forest and is divided between the Green Bank, West Virginia, and Hightown, Virginia-West Virginia, quadrangles.  Boundaries of the area range from 38o 23' 11" N to 38o 28' 41" N latitude, and 79o 41' 24" W to 79o 47' 30" W longitude. 

The North Fork area lies in the Allegheny Mountain section of the Appalachian Plateau Province, 4 km west of the Allegheny structural front (Figures 3-1 and 3-3).  The North Fork comprises a headwater of the Deer Creek watershed, which in turn forms a tributary to the Greenbrier River.  The area is bounded by Buffalo Ridge to the west and Bald Knob-Bear Mountain to the east (Figures 3-2 and 3-3).  The eastern boundary of the study area lies along the rugged drainage divide that separates West Virginia and Virginia.  Regional topography is characterized by dissected uplands and V-shaped valleys.  Surface elevations range from 853 to 1386 meters (2800 to 4546 ft) AMSL (Figure 3-4, Plate 3-1). 

Climate
Climate of the study area is classified as humid continental with hot summers, cold winters and abundant precipitation (Lockwood, 1985).  The North Fork averages 1120 mm (44 in) of precipitation per year, receiving the greatest seasonal amount in the spring and summer months (Figure 3-5 and 3-6; U.S. Environmental Data Service, 1975; National Climactic Data Center, 1998).  Rain-on-snow hydrometeorological events occur frequently and are a common cause of flooding in winter.  Regional weather systems are directed primarily from the west, with mid-latitude frontal systems and large-scale cyclonic disturbances common (Hirschboeck, 1991).  Orographic effects are such that the average annual precipitation increases eastward across West Virginia as westerly air masses rise over high-elevation areas.  Moisture-laden air from the Gulf of Mexico is directed northward during the warm months along the topographic grain of the Appalachians (NOAA, 1974).  The region is also sporadically prone to torrential rainfall associated with the extra-tropical phase of hurricanes (Colucci and others, 1993).

Soils and Vegetation
Many soils in the central Appalachians are classified as Inceptisols; characterized by low base saturation (acidic), thin poorly-developed A horizon, weakly to moderately-developed B horizon, and high content of rock fragments (Ciolkosz and others, 1989; Brady and Weil, 1996).  These soils commonly form on weathered bedrock hillslopes mantled with colluvium and residuum.  North Fork soils are composed mainly of channery silt loams of the Berks, Calvin and Mandy series (Mesic Typic Dystrochrepts) (Table 3-2, Figure 3-7, Plate 3-6).  The Berks and Calvin soils occur on moderately steep slopes in association with colluvium.  The Mandy series is associated with residuum on ridges.  The Berks-Weikert-Calvin association is represented by very stony soils that occur locally on lower hillslope segments.  Valley bottoms are mantled with sandy and gravelly alluvial soils (Fluvents) of the Potomac series (Natural Resources Conservation Service, in press).  These poorly-developed valley soils are products of flooding and fluvial reworking.

Natural vegetation throughout the central Appalachian region has been strongly influenced by anthropogenic activities.  Most of the mountainous areas in Virginia and West Virginia were subject to intense logging during the early 1900's (Hack and Goodlett, 1960).  Forest exploitation, fire, agricultural development, and importation of chestnut blight resulted in a strong cultural imprint on the present diversity of flora (Clark, 1987; Core, 1966).  The North Fork basin is populated with a northern hardwoods assemblage.  This forest type is characterized by alternation of deciduous and mixed forest communities (Core, 1966).  The deciduous community is dominated by sugar maple (Acer saccharum), beech (Fagus grandifolia) and yellow birch (Betula alleghaniensis).  Subordinate species include oak (Quercus sp.), hickory (Carya sp.), red maple (Acer rubrum), black cherry (Prunus serotina), basswood (Tilia americana) and black locust (Robinia pseudoacacia).  The mixed communities are composed of hemlock (Tsuga candadensis) and northern hardwoods (sugar maple, beech, basswood, and yellow birch).  Hemlock, yellow birch and Rhododendron maximus are prolific along floodplains and terraces of higher order tributaries at the North Fork (Natural Resources Conservation Service, in press; D. Madarish, personal communication, 1996).

BEDROCK GEOLOGY

Methodology

The bedrock geology of the North Fork basin is updated and incorporated as part of the digital map products (Figure 3-8, Plate 3-2).  Previous geologic maps of the area include the 1:62,500 Pocahontas County Geologic Map (Price and Reger, 1929) and the 1:250,000 West Virginia State Geologic Map (Cardwell and Others, 1968).  The bedrock geology described herein is modified from the county geologic report.

Field mapping of the North Fork area was conducted primarily in the Summer and Fall of 1996.  Base maps were digitally converted from the U.S. Geological Survey Greenbank-Hightown, West Virginia 7.5-minute quadrangles by automated vectorization procedures (compiled by Computer Mapping Consultants, Inc., Oakdale, Maryland).  The final topographic base maps were compiled in an AutoCAD format (Autodesk, 1992) using the West Virginia State Plane - South coordinate system, a contour interval of 40 ft, and a scale of 1:12,000 (refer to Plate 3-1).  Field traverses were completed using a Brunton compass and aneroid altimeter.  Air-photo analysis was used to supplement field reconnaissance.  Spatial data were manually digitized using a Calcomp 9500 digitizing tablet and AutoCAD 12.0 (Autodesk, 1992).  The vectorized data were subsequently compiled into a GIS database using a combination of Idrisi (Clark Labs, 1997), ArcView (Environmental Systems Research Institute, 1996), and Arc/Info (Environmental Systems Research Institute, 1994).  Digital coverages were exported into ArcView shape files and are included with this document.

Bedrock exposure in the study area is less than 10 percent of total surface area.  Weathered regolith, soils, and vegetation extensively cover strata.  Outcrops are limited to resistant sandstone interbeds locally exposed along drainageways, road cuts, and hillslopes.  Given the rather poor quality of outcrop and low dip angles, it is not possible to measure detailed stratigraphic sections in the study area.  The lithostratigraphic units are in large part undifferentiated and generalized in terms of lithofacies distribution.  Geologic contacts were mapped on the basis of surficial clast composition, topographic expression, and structural-stratigraphic relationships.  Geologic contacts were delineated primarily by completing survey traverses along topographic noses.  Colluvial transport in the hollows has resulted in mixing of regolith, making lithostratigraphic breaks difficult to identify.  Thus, all geologic contacts depicted on the bedrock geology map (Plate 3-2) are considered approximate and "covered".

Bedrock Map Units
The North Fork basin is underlain by the Upper Paleozoic Acadian clastic wedge; a sequence of sediments derived from eastern tectonic highlands during the Acadian orogeny.  These strata are deformed locally into broad and open folds (Figures 3-8, 3-9, and 3-10; Plates 3-2 and 3-3).  Strata range in age from Late Devonian to Early Mississippian (Table 3-3).  In ascending order, these units include the Devonian Foreknobs Formation (Greenland Gap Group), the Devonian Hampshire Formation (Canon Hill and Rowlesburg members), and the Mississippian Price (Pocono) Formation.  Stratigraphic terminology utilized in this study is that developed by a number of workers including Kammer and Bjerstedt (1986), Boswell and others (1987), Dennison (1970), and Dennison and others (1996).  Nomenclature and geologic contacts are updated with respect to the Pocahontas County (Price and Reger, 1929) and West Virginia state (Cardwell and others, 1968) geologic maps. 

Foreknobs Formation
The Foreknobs Formation comprises the upper part of the Greenland Gap Group.  This unit encompasses strata originally mapped as "Chemung" by Price and Reger (1929).  Dennison (1970) applied the term "Foreknobs Formation" to Chemung-type strata along the Allegheny Front.  McGhee and Dennison (1976) divided the Foreknobs into five members on the basis of measured stratigraphic sections, drilling data, and fossil evidence.  The West Virginia and Virginia geological surveys currently recognize the Foreknobs terminology (R. McDowell, personal communication; E. Rader, personal communication, 1998). 

In the North Fork vicinity, the Foreknobs Formation is comprised of over 600 meters (2000 to 2500 ft) of interbedded olive-gray, medium- to coarse-grained sandstone, siltstone and shale (Dennison, 1970; Table 3-3).  These clastic strata are fossiliferous and were deposited in a shallow-marine, shelf setting during Frasnian time (355 to 360 m.y.; Dennison and others, 1996).  In the North Fork area proper, only the uppermost 30 meters (100 ft) of this unit is exposed along lower elevation stream channels (Figures 3-8 and 3-9).  This portion of the Foreknobs is characterized by olive-gray sandstone lithofacies and is transitional to the overlying Canon Hill Member of the Hampshire Formation.  The upper contact was drawn from measured stratigraphic sections, located north and northeast of the study area ("Durbin" and "Hightown" sections respectively; from Dennison and others, 1996).

Hampshire Formation
The Hampshire Formation is composed of approximately 270 meters (900 ft) of interbedded nonmarine sandstone and shale (Table 3, Figures 3-8 and 3-9).  Darton (1892) originally applied the term "Hampshire Formation" to red sandstone and shale lithofacies of the "Catskill delta" sequence.  More recent work by Boswell and others (1987) elevated the Hampshire to group status and divided it into a lower Canon Hill Formation and upper Rowlesburg Formation.  Dennison and others (1996) retained the original formation hierarchy and distinguished the Canon Hill and Rowlesburg as members.  This study follows their formation-member nomenclature.  The Canon Hill Member (75 meters thick) represents partly fossiliferous marine facies with mixed red beds and olive-gray lithofacies, transitional to the underlying Foreknobs Formation (Figure 3-11).  The contact between the Foreknobs and Canon Hill is poorly defined, but is typically placed at the highest stratigraphic occurrence of marine fossils (Dennison and others, 1996).  The Rowlesburg Member (200 meters thick) is entirely fluvial and contains reddish-gray lithofacies characteristic of the Hampshire strata (Figure 3-12).  Hampshire sandstones in the study area are fine- to medium-grained, thinly to medium-bedded ("flaggy") with trough and planar stratification common.  The Hampshire is exposed primarily along side slopes of the North Fork watershed (Plates 3-2 and 3-3).  Table 3-4 presents the results of lithofacies analysis conducted on the Hampshire section as exposed along U.S. Route 250, Durbin, West Virginia.

Price (Pocono) Formation
Lesley (1876) first applied "Pocono Formation" to nonmarine strata that mark the base of the Carboniferous in northeastern Pennsylvania.  Darton (1892, 1894) applied the term to a similar stratigraphic sequence in Virginia and West Virginia.  Kammer and Bjersted (1986) concluded the "Pocono Formation" of West Virginia is equivalent to the Price Formation in southwestern Virginia.  They argued that "Pocono" lithofacies in West Virginia are more akin to Price strata and bear no rock-stratigraphic relation to equivalent-aged sandstones in northeastern Pennsylvania.   As a result, Kammer and Bjerstedt (1986) recommended replacing the term "Pocono" in West Virginia with "Price".

In the present study, the Price Formation is defined as the first brown to gray sandstone above the red beds of the Hampshire Formation (Rowlesburg Member; Table 3-3; Plates 3-2 and 3-3).  Changes in regolith texture and clast coloration mark the Hampshire-Price contact.  Price lithofacies consist mostly of medium-grained sandstone and pebbly sandstone.  Bjerstedt and Kammer (1988) interpreted the Price as a shallow-marine deltaic complex that drained from source areas east of the study area.  Topographically, the Price Formation is resistant to erosion and supports the highest elevation ridges throughout the study area (Plates 3-2 and 3-3).  Although the upper portion of the Price section is eroded, the original thickness is estimated to be approximately 140 meters (450 ft) (Dally, 1956).

Structure and Tectonics
Strata in the North Fork basin are gently deformed into the broad and open Stony River syncline (Figures 3-8, 3-9, 3-10, Plates 3-2 and 3-3).  The fold axis was delineated by strike and dip (Plate 3-2), and structure contours drawn on the base of the Price Formation (Figure 3-10).  Measured dips range from near horizontal to 19o, but are generally less than 10o.  The gentle dips are anomalous in that the more tightly folded Browns Mountain anticline lies immediately to the west, and the Allegheny structural front immediately to the east (Cardwell and others, 1968; Rader and Evans, 1993).  No evidence of faulting was observed in the study area; however, this portion of the Appalachian Plateau is significantly affected by jointing.  Two dominant sets of fractures are evident in this region: (1) systematic cross-fold joints with northwest strike, and (2) non-systematic fold-parallel joints with northeast strike (Evans, 1994).  Bedrock exposures along the main channel of the North Fork readily display this fracture pattern (Figure 3-11).

Tectonically, the central Appalachians comprise the interior segment of the modern Atlantic passive margin.  Four major tectonic events have impacted this region; these include: (1) the Middle Proterozoic Grenville orogeny, (2) the Lower and Middle Cambrian Iapetan rifting, (3) the Late Paleozoic Alleghanian orogeny, and (4) the Mesozoic Atlantic rifting (Shumaker and Wilson, 1996; Froelich and Robinson, 1988).  Deformation near the study area is genetically related to the Alleghanian orogeny, in which the Appalachian structural province experienced crustal shortening and allochthonous detachment (Kulander and Dean, 1986; Evans, 1994).  Neotectonic studies suggest that the central Appalachians are presently subjected to northeast-southwest horizontal compression (Gardner, 1989; Zoback and Zoback, 1989).  Most of the long-term deformation on the central Atlantic margin is attributed to a combination of lithospheric flexure in response to shelf loading, and isostatic deformation in response to crustal denudation (Gardner, 1989).  Thus, neotectonics and variable lithologic resistance to erosion are the primary factors controlling topography in the Appalachian Highlands (Hack, 1980; Mills and others, 1987).

SURFICIAL GEOLOGY   

Methodology
The surficial geology at the North Fork basin was mapped according to cartographic protocol developed by Kite (1994).  These guidelines are designed to address the fluvial, colluvial, and karst features of the unglaciated Appalachians.  The purpose of this map protocol is to: (1) provide an expanded, yet flexible, surficial map format for use in 7.5-minute quadrangle mapping, (2) provide a uniform approach to surficial mapping techniques in a field program that includes workers from various backgrounds, (3) provide a map-based data collection format that lends itself to geographic information systems, and (4) provide an approach to surficial mapping that is meaningful to planners, educators, consultants, and other user groups.

Three types of surficial map criteria are recognized for the unglaciated humid-mountainous landscape of the central Appalachians (Taylor and others, 1996).  These include: Type I - polygonal map units associated with landforms and surficial deposits; Type II - discrete surface features not associated with surficial deposits; and Type III - observational features associated with data collection and field mapping (Table 3-5).  Type I units include landforms and deposits that result from in-situ weathering, mass wasting, fluvial processes, catastrophic slope failure, and ancient periglacial activity.  Type II units include surface features associated with karst processes, slope failure, surface hydrology, and anthropogenic activity.  Type III features include reference points defined for purposes of data collection.  Type I mapping criteria employ a four-fold scheme in which units are delineated by age, origin, landform, and material.  Unit polygons are coded with patterns or color, and labeled with an abbreviated four-part identifier.  “Age” refers to the age of the material; “origin” refers to the primary surficial process responsible for deposition of the unit; “landform” refers to the topographic occurrence of the unit; and “material” refers to the texture of unconsolidated deposits or lithology of exposed bedrock.  Type II and III criteria are mapped as two-dimensional surface features without reference to material or age.

Surficial mapping at the North Fork was conducted primarily in the Summer and Fall of 1996.  The field and digitizing procedures were identical to those described for bedrock geology.  The 1:9,600 base map proved adequate for delineation of mesoscale landforms in the study area (see Kite and others, 1998).  Surficial data were compiled using the Pocahontas County soils survey (Natural Resources Conservation Service, in press), natural exposures, topographic analysis, and air photo imaging.  Final map coverages were compiled in an AutoCAD 12.0 format (Plates 3-4A and 3-4B; Figure 3-13). 

Composition of surficial deposits at the North Fork was deduced solely on the basis of natural exposures, the county soil survey, topographic analysis, and site reconnaissance.  No excavations or laboratory particle-size analyses were utilized in the preparation of the accompanying surficial maps.  Table 3-6 is modified from Table 3-2, showing a summary of soils units (Natural Resources Conservation Service, in press) and their interpretation as surficial units after Kite (1994).  Preliminary conversion of the Pocahontas County soil survey was used as a general guide to delineate more detailed units during field reconnaissance .  Map units are grouped into the following categories: (1) hillslope units (Type I: residuum and colluvium), (2) channel-floodplain-terrace units (Type I), and (3) fan-fan terrace-apron units (Type I).  Refer to Table 3-7 for an expanded explanation of surficial map units used in this study.

Landforms
Two types of large-scale landforms are recognized at the North Fork area; these include hillslope and valley-bottom features.  These larger-scale landform units are comprised of smaller, mesoscale features delineated at the outcrop level and from contour patterns.  Hillslopes are characterized by gradients that feed into valley-bottom areas, servicing drainage and transport of surficial materials.

Hillslope Regime
Hillslopes at the North Fork area consist of ridges, side slopes, hollows, noses, and footslopes (terminology after Hack and Goodlett, 1960; Figures 3-14 and 3-15).  Ridges are upper elevation areas in which contours are closed, acting as the primary divides between drainage basins.  Side slopes represent open hillslope areas with approximately straight contour patterns.  Hollows are defined as zero-order upland stream heads in which contours are concave outward in a down-slope direction.  Hollows serve as valley-head conduits for the transport of runoff and surficial materials to higher order drainages.  Noses represent hollow divides in which contours are convex outward in a down-slope direction.  Footslopes generally lie at the base of hillslopes and represent a transitional zone between side slopes and the valley-bottom channel.  Footslopes typically display a gentler gradient than the adjacent side slopes and are commonly underlain by mass-wasting deposits.

Valley-Bottom Regime
Valley-bottoms represent lower elevation areas adjacent to stream channels.  This zone is further subdivided into channels, floodplains, and stream terraces (Figures 3-15 and 3-16).  The channel is the zone occupied by open streamflow and includes the channel bed, depositional bar, active-channel bank, and active-channel shelf (terminology after Osterkamp and Hupp, 1984).  Alluvium in the channel is subject to active reworking by streamflow for significant periods of the year (Figure 3-17).  The highest order channels in the North Fork, fifth order of Strahler (1952), are located at the west-central margin of the study area (Figure 3-13, Plate 3-1). 

The floodplain is a low-lying surface adjacent to the channel that is inundated once every one to three years (Osterkamp and Hupp, 1984; Wolman and Leopold, 1957).  Based on surface morphology at the North Fork, it appears that floodplains are delineated by planar surfaces 0.5 to 1.0 meters above the active channel (Figure 3-18).  

Stream terraces are defined as elevated alluvial surfaces that are inundated by flood waters at a frequency less than that of the floodplain.  The higher the elevation of the terrace above the channel, the less likely the occurrence of inundation, with the highest surfaces abandoned completely.  Terraces at the North Fork can be of two different geometries: (1) elongate terraces that are generally parallel to the channel, and (2) dissected, fan-shaped terraces that occur at the mouths of tributary junctions (Figure 3-14).  Terrace segments are commonly disconnected and characterized by areas of anomalously flat topography.  Low-level terraces are common along drainages in the North Fork and range in heights from 1.0 to 6.0 meters above the channel (Plate 3-4, Figure 3-19).  Fan terraces represent preserved segments of alluvial fans that have been otherwise dissected by tributary channels following deposition (Figure 3-20).  Fan terraces are less common than the elongate low-level terraces, although fan surfaces may lie up to 15 meters above the active channel floor (Plate 3-4).  Unit designation "Qf" is applied to undissected fans graded to present channel elevations.

Surficial Deposits (Materials and Origin)
Similar to landforms, surficial materials are also divided into hillslope and valley-bottom facies.  Hillslope deposits include colluvium and residuum, while valley-bottom deposits include channel alluvium, floodplain alluvium, terrace sediments, fans, and aprons.  

Hillslope Deposits
Colluvium and residuum are the most widespread surficial deposits at the North Fork study area (Plate 3-4).  Both facies are comprised primarily of cobble-boulder diamicton in which gravel clasts are set in a matrix of loamy sand, silt, and clay ("channery silt loams" and "stony soils" in the Pocahontas County soils survey, Natural Resources Conservation Service, in press).  Parent lithology is the primary influence on clast composition and texture.  The term "regolith" encompasses all weathered and transported sediment at the earth's surface.  "Colluvium" is applied to regolith that has been transported and deposited by mass-wasting processes (Mills and Delcourt, 1991).  These processes are gravity driven and include slope wash, creep, slide, frost heave, tree throw, and bioturbation.  Under conditions of significant down-slope transport, the clast composition of colluvial sediments may differ significantly from that of the underlying bedrock lithology.  "Residuum" by definition contains the in-situ products of bedrock weathering.  Clast composition represents parent bedrock lithology, with little or no transport (after Mills, 1987).  Hillslope colluvium and residuum most commonly form depositional veneers on bedrock, with thicknesses generally less than two meters.  Residual veneers develop on ridge crests and noses with gentle slope gradients, less than 0.15.  Colluvial veneers occur on side slopes with gradients greater than 0.15.

Hillslope colluvium is subdivided on Plate 3-4 into side-slope facies (Qc1) and hollow facies (Qc2).  The significance of this distinction is important with respect to mode of slope process, in that hollow colluvium is commonly associated with debris-slide failure during high-intensity precipitation events (Hack and Goodlett, 1960; Reneau and Dietrich, 1987).  Some low-order hollows are choked with colluvial fan deposits in which a thickened mantle fill has accumulated (Plate 3-4: unit Qf).  These deposits are recognized by the inversion of concave-out to convex-out contours at the base of the hollow (refer to Figure 3-14C).  Preservation of these deposits suggests that stream power has not been sufficient to remove the material by normal streamflow processes.  

Boulder streams and boulder fields occur locally along some hillslopes (Plate 3-4: units Qbs, Qbf).  These units represent a mappable subset of colluvium.  Boulder streams display elongate geometry and tend to armor the flanks of low-order hollows.  They are recognized by a prominent bouldery surface cover, with negligible amounts of finer-grained, interstitial sediment.  Boulder fields are similar in character, but occur along straight side slopes and display an equant or irregular shape.  Small-scale colluvial block fields are commonly located downslope of resistant sandstone outcrops in the Hampshire and Price formations.  Boulder streams and fields likely form by a combination of sliding, creep, and slopewash winnowing.  It is plausible that better developed boulder streams in the central Appalachians are the products of periglacial processes during Pleistocene glacial climates (Mills, 1987; Mills and Delcourt, 1991).  Biogeomorphic analysis of modern forest cover in Virginia suggests that some boulder fields are active under present-day conditions (Hupp, 1983).

Valley-Bottom Deposits
Valley-bottom facies are comprised primarily of pebbles, cobbles, and boulders with various admixtures of loam, sand, and silt.  Large clasts are composed of resistant sandstone lithologies.  These deposits are associated with channels, floodplains, and stream terraces (Plate 3-4).   North Fork channels are gravel-rich, and relatively free of finer-grained sand and silt (Figure 3-17).  Clast diameters average 19 centimeters along the intermediate axis, with large boulders ranging up to 2.8 meters.  Channel alluvium is commonly clast-supported, moderately- to poorly-sorted, and imbricated as a result of normal streamflow hydraulics.  The channel along the main tributary of the North Fork averages approximately 10 meters in width.

Floodplains and low-level terraces are similarly comprised of coarse cobble-boulder deposits with loamy interbeds.  Fabrics range from matrix- to clast-supported.  Deposits exposed in several stream cuts along the North Fork reveal crude internal stratification and imbrication (Figure 3-19).  Floodplain surfaces range from 0.5 to 1 meters above the active channel floor.  Evidence for frequent inundation includes scour-and-chute topography, disturbed vegetation, and fresh slackwater deposits.  Low terraces range from 1 to 6 meters above active channel grade (Plate 3-4).  Terrace surfaces commonly support growth of hemlock and Rhododendron maximus.

Footslopes represent a transitional environment between hillslope colluviation and valley-bottom channel transport.  The two most common types of footslope deposits at the North Fork are fans and aprons.  Fan-shaped deposits occur at the mouths of tributaries, or tributary junctions.  The fan geometry results from flow expansion as sediment exits the confines of a channel.  Fan deposits in the study area are cobble- to boulder-rich, massive to crudely-stratified, with matrix-supported diamicton fabrics.  Footslope aprons are similar in texture and occurrence; however, they lack a well-defined point source and fan-like geometry.  Aprons occur at the base of straight side slopes and are identified by a distinct change in gradient (Plate 3-4).  Fan and apron deposits are found adjacent to the present-day valley floor, and also form high terrace surfaces up to 15 meters above channel grade.  Most of the higher fan-terraces are dissected and covered with colluvial veneer.  Fans and aprons in the central Appalachians are the products of a combination of debris-slide, debris-flow, and streamflow processes (Kite, 1987; Kochel and Johnson, 1984; Kochel, 1987; Mills, 1982).  Although geochronologic data are lacking, it is likely that many fan deposits in the central Appalachians record multiple prehistoric debris-flow events (Kochel, 1987; Eaton and McGeehin, 1997).  The relatively small volume of fan deposits in the North Fork area suggests that such deposits have a low preservation potential in this setting (Taylor, 1998).

Age of Surficial Deposits
Dating of surficial deposits in the Appalachians is problematic, and persists as an elusive facet of geomorphic study.  Radiocarbon dating techniques are of limited value due to poor preservation of organic matter (Mills and Delcourt, 1991).  Thermoluminescence (Shafer, 1984), magnetostratigraphic (Jacobson and others, 1988; Springer and others, 1997), and cosmogenic isotope (Pavich and others, 1985; Granger and others, 1997) techniques provide results holding some promise; however, they have not been widely applied in the Appalachians.  Relative-age dating techniques were utilized in several studies (Mills, 1987; Engel and others, 1996), although the discontinuous nature of surficial deposits makes stratigraphic correlation difficult.

Given the preliminary nature of the present study, it is only possible to speculate on the age of surficial deposits at the North Fork area.  Several models have been proposed suggesting that colluvium in the central Appalachians dates to the last glacial maximum.  Behling and others (1993) obtained radiocarbon dates from a surficial sequence in the Pendleton Creek basin,  75 km north of the study area.  They found that hillslope colluvium is between 17,000 and 22,000 years old, while the floodplain alluvium is entirely Holocene in age (<10,000 Ka).  Jacobson and others (1989b) found a similar chronology for colluvial and alluvial deposits in the South Branch of the Potomac.  Eaton and others (1997) presented dates for prehistoric debris flows in the Virginia Blue Ridge with radiocarbon ages of 2,200, 22,430-34,770 and 50,800 years.  Given the proximity of these dated sites to the North Fork, it is anticipated that similar chronologies exist.  Additional work is required to definitively establish the age of surficial deposits.

SUMMARY
Bedrock and surficial geology maps for the North Fork basin are presented as part of the EDMAP component of the U.S. Geological Survey National Cooperative Geologic Mapping Program.  The study area is underlain by upper Paleozoic sedimentary strata that are deformed into a broad and open syncline.  Lithostratigraphic units include the Devonian Foreknobs Formation (Greenland Gap Group), the Devonian Hampshire Formation (Canon Hill and Rowlesburg members), and the Mississippian Price (Pocono) Formation.  Resistant sandstone lithofacies of the Price Formation form prominent ridges throughout the study area.  Interbedded sandstone and shale of the Hampshire Formation are less resistant and form side slopes.  The Foreknobs Formation is limited in occurrence and outcrops primarily along the higher-order trunk drainage of the North Fork.   

Several types of large-scale landforms are recognized in the study area; these include hillslope and valley-bottom features.  Hillslopes are further subdivided into ridge crests, noses, side slopes, and hollows.  Mesoscale valley-bottom landforms include channels, floodplains, terraces, and fans.  Hillslope deposits are comprised primarily of colluvial and residual diamicton.  Boulder fields and boulder streams occur locally within the area.  Footslope areas are commonly associated with fan and apron deposits.  Alluvial facies are composed largely of imbricated gravel deposits with various admixtures of loam, sand, and silt.  The ages of surficial deposits in the North Fork basin are unknown; however comparison with regional chronosequences suggests that hillslope colluvium may be Late Pleistocene in age, and valley alluvium Holocene.
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