Guide to Geological Features along the Shenandoah River: Virginius Island and Shenandoah Canal Wetlands
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Geologic points of interest are shown by the red (Virginius Island) and green (canal wetlands) numbers on the map above and are referred to as “stops” in the text below. A stop may be a specific place, such as an outcrop or other point feature, or it may encompass a larger part of the landscape.
Route: Both descriptions begin at the parking lot below the north end of the US 340 bridge. The Virginius Island route follows trails along the outer (riverward) side of the island downstream past the headrace to the Virginius Island footbridge over the canal, thence back upstream along Shenandoah Street to the parking lot. The wetlands route follows the roadside trail and sidewalk upstream from the same parking lot.
Geological Highlights: Both routes are within the active, modern floodplain of the Shenandoah River. Though greatly affected by nearly two centuries of human habitation and hydraulic alteration, much of the floodplain still exhibits typical alluvial processes and deposits that are the focus of this narrative and the driving geologic force for natural communities. Current West Virginia flood maps indicate the entire bottomland is within the 1% or greater chance (100-year or more frequent) floodplain. 
Much of the floodplain is underlain by rich, calcareous alluvial deposits of Recent origin. Natural disturbance and microtopography both play key roles in this environment, the former coming primarily from periodic floods, and the latter the result of various alluvial landforms of low relief. Portions of the floodplain appear to be inundated annually or nearly so, but the mechanism and action of flooding is not everywhere the same. The railroad berm shields a large part of the floodplain from direct flooding and attendant scouring action during most floods. Instead, locations inboard of the RR berm experience backwater flooding during high-water events; the RR track is elevated on a trestle between the lower end of Virginius island and the river, which allows floodwaters to back up over the island. Only the largest floods—big enough to overtop the berm—cause direct scouring of the inner floodplain and canal wetlands. This situation results primarily in a regime of silt and clay deposition during flooding, punctuated by infrequent but destructive large floods. 
“Soil” in the pedogenic sense is only nominally developed due to the young age of the alluvial parent material. Incipient soil profiles may be somewhat better expressed on some of the higher floodplain landforms, which are presumably slightly older than the rest, though not likely more than a few hundred years old. Thus, the alluvium itself is the principal source of fertility and tilth, and its characteristics together with local hydrology determine which plants grow where. 

Much Civil War-era settlement and industrial infrastructure was concentrated along the floodplain, ergo, sizable parts of Virginius Island are substantially disturbed and are in various stages of recovery. Likewise, the wetlands are entirely an artifact of disturbance, occupying linear basins along the trace of the former Shenandoah River canal.
Virginius Island
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Stop 1. The view looking downstream from just below the US 340 bridge shows how the railroad berm alters the hydrology of the floodplain by dividing it into two distinct zones. The part of the floodplain adjacent to the river is inundated annually or more frequently; it exhibits abundant evidence of active scouring and regular natural flood disturbance in the form of freshly deposited sandy bars and splays, small channels, and many bent trees. The natural community is dominated by typical floodplain species that tolerate this regime. 
In contrast, the part of Virginius Island inboard of the berm lacks evidence of freshly deposited bars and splays, has a finer-grained surface texture, and trees tend to be straight. The crest of the berm stands more than 10 feet above mean river level, preventing smaller and more frequent floods from directly reaching the central core of Virginius Island, which now functions more like a backswamp, except during particularly large floods (e.g., the 1% to 10% chance events) that may happen once every decade or less. As a result, the natural community contains many mesic species (and appears to be becoming more mesic) and could best be described as a wet-mesic woods.
The West Virginia side of the river features a fairly well developed floodplain, whereas the Virginia side has a floodplain that ranges from extremely narrow to nonexistent and is commonly fronted by steep bluffs that come right to the river’s edge at many places. This relationship indicates that the Shenandoah River—like the Potomac and other central Appalachian rivers—is migrating southward. The reasons for the migration are speculative, but may have to do with isostatic rebound of formerly glaciated areas to the north, which has caused the regional landscape to be tilted to the south during the Holocene.
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Stop 2. Virginius Island features extensive colonies of bluebells (left), which favor the moist floodplain environment. Mertensia occurs on both sides of the railroad berm; on the inboard side it is associated with many mesic forest herbs, whereas on the outboard side it occurs chiefly with plants adapted to the regular disturbance regime of the annual floodway. Portions of the inboard side of the island (right) feature pervasive historical disturbance of the land surface, manifested as irregular, hummocky piles of soil and rough building stones, linear water diversion structures, and various other earthworks for the canal, railroad, and mills. To some extent, these features simulate the natural topography of a floodplain, creating parallel elevated, bar-like areas and low depressions and swales. This synthetic landscape lacks the regular yearly scouring and deposition of sediment typical of natural floodplains, however; this has enabled the encroachment of many mesic species as well as extensive colonies of invasive species such as garlic mustard, ground ivy, and purple deadnettle, some of which might otherwise be kept in check in a vigorous floodplain. Many of the trees are large, suggesting that they sprouted shortly after Civil War-era disturbance.
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Stop 3. A variety of annual floodway deposits and processes are well displayed at and downstream of the headrace area. Here, the active part of the floodplain expands significantly as the railroad berm bends away from the river, allowing annual scouring and deposition of alluvium to occur over a wider area. Natural levees and crevasse splays (right) are common low-relief alluvial landforms that form in this setting; natural levees are sandy and gravelly bars oriented roughly parallel to the shoreline, whereas crevasse splays form where sediment-laden water breaks through a low spot in a levee and spreads out on the floodplain. The image was taken standing on a levee looking down the axis of a crevasse splay. Levees and splays are typically composed of coarse-grained alluvium (upper right), which tends to be deposited in the stronger current close to the shoreline. Most of the Shenandoah River flows through a broad valley underlain by limestone and dolomite, thus its alluvium tends to be enriched in carbonates; here, the sandy alluvium contains abundant mussel shells, which add even more calcium to an already-calcareous sediment. 
The lushness of the herbaceous layer in the annual floodway tends to be decidedly less in early Spring, when flooding typically occurs. Later in the season, the floodway becomes densely vegetated by fast-growing, summer-flowering annuals that can take advantage of the relatively brief lull in flooding. Some perennial herbs and grasses can also handle the rigors of the floodway, such as the panic grass in the lower left image, whose roots are partially exposed by recent scouring. It is a difficult environment of frequent natural disturbance, however, and trees, shrubs, and perennials have to contend with alternating episodes of being inundated, damaged by ice jams, buried in sediment, and having their crowns and roots exhumed by scouring. Trees and shrubs in the active floodway commonly are smaller, deformed, leaning, and exhibit scars from flood debris, which can often be seen lodged high above the floodway surface. Flood scars as high as 15-20 feet above grade are visible at this stop, suggesting the magnitude of major floods such as the 1985 hurricane and 1996 winter flood that pummeled the Potomac Basin. Not surprisingly, a recurring theme in the NPS interpretive signs posted in this area is the hardship to historical residents and industry caused by repeated flooding of Virginius Island.
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Stop 4. The massive bluff that walls in the inboard side of the floodplain, as seen here from the Virginius Island bridge. The bluff was cut by the Shenandoah River during the most recent episode of Ice Age-driven incision; parts of the bluff face were later used as quarry sites to obtain local building stone for nearby historical structures, such as the bridge seen here and the power house at the next stop. 
The rock in the bluff consists of the Harpers Formation, a sequence of phyllite, metasiltstone, and lesser metasandstone. In this exposure, the rock consists chiefly of metasiltstone with intervals of metasandstone. The Harpers Formation is one of several rock units that make up the early Cambrian Chilhowee Group, which constitutes the base of the Paleozoic section in the central Blue Ridge. The formation contains tube-like burrows made by a marine worm known as Skolithos, which represent the first evidence of macro fossils in the stratigraphic section and therefore signify the beginning of the Paleozoic Era (“Dawn of Life”) approximately 545 million years ago. Because only burrows are present, rather than remains of the organism itself, the tubular structures are referred to as “trace fossils”. Harpers Ferry is the type locality of the formation—the place where the rocks were first systematically described and named, in this case by Arthur Keith in the Harpers Ferry Folio, published by USGS in 1894. The actual location mentioned by Keith is the outcrops along the Potomac River below the town. 
The rock in this exposure was severely deformed and metamorphosed at low grade when the Blue Ridge was uplifted and shoved westward by tens of miles during the late Paleozoic Alleghanian Orogeny. The predominant structures visible in the bluff are bedding (roughly parallel to black line) and cleavage (blue lines, arrows show sense of motion), which intersect at an acute angle and can be difficult to distinguish. Bedding here dips gently southeast (to the right when facing the bluff) and is frequently disrupted or obscured by the strong, closely spaced cleavage—this is not surprising, considering that the rock is overturned by almost 180 degrees from its original horizontal position of deposition. Thus, unlike a normal rock section in undeformed areas, the rocks here get older, rather than younger, higher in the bluff. During the Alleghanian event, the entire Blue Ridge was detached and pushed westward over younger Cambrian limestone and dolomite of the Shenandoah Valley; the thrust fault upon which the detachment rides comes to the surface about 2 miles west of here, in the far western part of the historical park. By virtue of its comparatively fine-grained texture, the Harpers Formation behaved in a more ductile manner than the rigid sandstones above and below it, and bore the brunt of the deformation, which produced the abundant cleavage planes that cut the rock. As a result, the entire formation is sometimes referred to as a “tectonite”, a rock in which the original layers are torn apart and sheared into an amalgamation of sausage-shaped masses separated by cleavage planes. 
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Stop 5 is the former powerhouse for the pulp mill that operated on Virginius Island from 1888 to 1935, before being largely destroyed in the massive flood of 1936 (a familiar theme). The 5 enormous sluiceways (upper left) that powered the mill’s ten turbines are all that remains today. The foundation consists of massive, hand-shaped blocks of the Harpers Formation (upper right), quite possibly quarried from the adjacent bluff. The regularly-spaced bedding and cleavage in the rock here made it relatively easy to shape into desirable dimensions; tool marks are readily visible on some of the faces (lower left). The water that powered the turbines was diverted from the river via a headrace and the canal.

Interestingly, the panoramic historical photo (lower right) of the mill shortly after it opened shows Virginius Island to be virtually denuded of vegetation, providing a reference point for the maximum age of the current forest on the island, which can be no older than 125 years. 
Shenandoah Canal Wetlands
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Stop 1. Most of the area identified as “wetlands” on the NPS trail map consists of open water in the bed of the old canal, and functionally might be better described as an “oxbow pond” or similar. Most of the pond is surrounded by steep banks—unlike most emergent wetlands but not unlike an oxbow pond at low water level—with a considerable amount of suspended sediment producing a turbid appearance. This section of the canal is hemmed in by Shoreline Drive on the north, and the railroad to the south, whose berms are composed of artificial fill of varied composition and limit the amount of surface runoff available to the wetlands. A few, small (typically 0.01 acres or less in size), marsh-like areas dominated by sedges are present on small flats and shallows; these wet meadows probably have more biological diversity and productivity than the open water. The pond appears to have a sizable carp population, judging from the activity observed during our visit; this may explain the muddy appearance of the water.

The more extensive emergent wetland visible in the distance is developed on a lobe of the alluvial fan described at the next stop. The fan debouches from a ravine that comes down to the canal just beyond the bend in the road. The lobate shape of the fan is clearly visible in the boundary between emergent wetland and open water.
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Stop 2 encompasses between 1 and 2 acres of true emergent wetland (left) on a low alluvial fan situated at the mouth of a short, steep ravine debouching from the bluff to the north. The wetland has an arcuate, lobate shape reflecting the geometry of the underlying fan lobes. The widest part of the fan extends nearly to the south bank of the canal; this plug of sediment acts like a low dam that separates the open, ponded water above and below the wetland into two distinct water bodies connected via a narrow, shallow, fan-marginal creek with clear water and a noticeable current where it passes by the toe of the fan. Overall, the fan is about 500 feet long (parallel to the canal) by as much as 150 feet wide (transverse to the canal). 
The fan is the most interesting—and most natural—geologic feature visible along the route, even though its basin (the canal) is artificial. Although there may well have been a fan here prior to settlement, the one we see here today is a relatively recent advent, quite possibly less than 100 years old and certainly younger than the canal itself (post Civil War). Because fan deposition is ongoing, the fan will continue to build outwards and upwards, eventually growing sufficiently to form a continuous landmass across the canal. 
The texture of the fan surface ranges from gravelly to muddy, being coarse and cobbly near its head and becoming progressively finer textured towards its margins. The source ravine is ephemeral and debouches onto the fan surface through a culvert beneath Shoreline Drive (right). The ravine is steep and undoubtedly produces a large volume of water and sediment during storms. Cobbles and coarse gravel drop out immediately below the culvert, where the flow quickly spreads out over the fan surface. Medial parts of the fan a bit further below the outfall are composed of silty sand and fine gravel, while the main body of the fan consists mostly of mud. Rock fragments consist of fresh to moderately weathered Harpers Formation lithologies eroded from the steep ravine walls; the mud is probably also derived from soil weathered from the Harpers Formation. The favorable mineralogy of the Harpers means that the fan sediment also acts as a fertile substrate for vegetation. 

Several small distributary channels cross the surface of the fan below the outfall. These are highly ephemeral and flow only during major storm events; much of the time, the ravine produces a small discharge that immediately infiltrates into the coarse sediment at the head of the fan and then moves down-fan to the canal as shallow ground water. This process helps maintain moist soil conditions on the main body of the fan, and probably supports small seepage faces along the toe of the fan, where the ground water discharges.
The vegetation on the fan surface broadly mirrors these geologic characteristics. Woody vegetation is primarily restricted to the higher, coarser, and better drained parts of the fan, which are locally being colonized by black willow and boxelder. Medial parts of the fan have a sandy to slightly muddy surface texture, moister soil, and experience rapid sediment deposition during storm events; this zone is dominated by a mix of grasses, sedges, and herbs. The outer, muddy parts of the fan constitute wet meadows dominated by carex and typha. No aquatic plants were observed in the adjacent open water: April usually is not a good time to see these, or it may be that none exist. The ravine drains an urbanized area along Washington Street, and may suffer degraded water quality from polluted stormwater runoff, sewer overflows, and related issues. 
Two invasive plant species were observed in considerable numbers on the fan: garlic mustard and reed canarygrass, the former on the medial parts, and the latter on the medial and slightly higher and better drained parts of the outer fan. At this location, the best remedy for managing both of these species is higher water levels for a sustained period.
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Stop 3, looking downstream towards the western end of the alluvial fan from Shoreline Drive. The width of the fan is somewhat compressed on the upstream end—a greater volume of sediment gets directed to the downstream lobes during floods and fan deposition—and all three zones of the fan surface are visible: upper coarse-woody zone, medial sandy-herbaceous zone, and outer mud-sedge-cattail zone. Also visible is the change in the canal from open water to a narrow flowing creek that runs past the toe of the fan to the body of open water at stop 1. Upstream of here, the canal reverts to being a contiguous body of open water, similar to the ponded part of the canal downstream of the fan. 
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