Guide to Geological Features: Appalachian Trail, US 340 to Chestnut Hill Rd
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Geologic points of interest are shown by the red 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: This description begins at the parking lot below the north end of the US 340 bridge over the Shenandoah River. The route follows the Appalachian Trail (AT) across the bridge and up the lower slopes of the mountain to Chestnut Hill Road.

Geological Highlights: Bedrock along this part of the AT consists of the Harpers Formation, which, in addition to the typical phyllites and metasiltstones, also contains several zones of fine-grained metasandstone. The lower half of the route takes in the Shenandoah River Gorge, which has recently sawed through the bedrock, producing a steep, rocky bluff dissected by several scenic, deep ravines that fall rapidly to the river. The upper part of the route crosses a spur ridge underlain by relatively deep bedrock-derived soil, before crossing onto the toe of a large colluvial fan near Chestnut Hill Road. Ravines in this upper section have more gentle gradients and wider valleys filled with alluvium and colluvium, with much less rock outcrop. 
The Harpers Formation is well exposed in the lower half of the route and forms many scenic ledges along the trail, particularly where sandy zones crop out. Bedrock disappears above that, being mantled by at least several feet of deeply weathered soil and saprolite—residuum that still retains the general appearance of the rock but is sufficiently weathered and soft to dig with a pocketknife. Colluvium consists chiefly of durable sandstone boulders and cobbles derived from the Weverton Formation high on the mountainside, which have slowly migrated downslope, become mixed with soil particles, and accumulated in a series of overlapping fans. Most of the colluvium was probably mobilized during the Pleistocene Ice Age and is less than a million years old.
Soil is relatively well developed on all but the steepest bluffs. Soils derived from the Harpers Formation consist of somewhat stony, micaceous silt loams; where not deeply leached, they have moderate base saturation. As a result, they tend to be fertile and support relatively rich vegetation, except on deeply leached areas, where they are depleted and acidic. Historical topsoil loss is severe in places, due to past clearing and erosion of formerly farmed areas.
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Stop 1. The view of the Shenandoah River and Harpers Ferry water gap from the US 340 bridge. The rapids are developed on more resistant beds of metasiltstone and metasandstone in the Harpers Formation, which form regular ledges that extend completely across the river. The areas between the rapids are less resistant beds of phyllite. Beds dip downstream (east) at about 30 degrees and are overturned. The confluence of the Shenandoah and Potomac Rivers is visible in the far distance, at the lower end of the ridge where the Town of Harpers Ferry sits. Just beyond that, the Potomac River has cut a deep water gap through the Blue Ridge, which here consists of Maryland Heights on the left, and Loudoun Heights on the right—both held up by resistant quartzitic sandstone of the Weverton Formation. 
Stop 1 is located on the US 340 bridge, looking downstream. Here is a stellar example of the differential resistance to erosion of different rocks, on two vastly different scales, as well as a sweeping view of the overturned rocks of the Blue Ridge uplift. 

Directly below the bridge, rapids have developed on regularly spaced ledges of metasiltstone and metasandstone in the Harpers Formation, while the sections between rapids are composed of less resistant phyllites. The ledge-forming rocks contain significantly more quartz and are coarser-grained than the phyllite, which is composed predominantly of mica and very fine-grained quartz and feldspar. These characteristics impart a greater resistance to erosion to the ledges. The most prominent ledges extend completely across the river, showing the continuity of the original bedding, or stratification, of the Harpers Formation.

Off in the distance is the prominent notch, or water gap, where the Potomac River has recently cut through the Blue Ridge. On the north side of the gap, the Blue Ridge is known as Maryland Heights, while on the south side it is called Loudoun Heights. Both mountains lie within the historical park and both are held up by massive sandstones of the Weverton Formation, which are highly resistant to erosion. There is more than 1,000 feet of topographic relief between the tops of the mountains and river level, much of it contained within the extremely steep bluffs that flank the water gap. Although exact ages are difficult to come by, it is likely that most of the water gap was cut in the last one million years during the Ice Age, and very likely that all of it has been cut in the past 2 to 5 million years. Globally, sea level was as much as several hundred feet lower than today during several stages of maximum glacial extent, causing rivers such as the Potomac to accelerate their downcutting in order to equilibrate with sea level. This process continues today, even though sea level has recovered to a more “normal” level, as the nick point of the river has migrated upstream.
The Shenandoah River is migrating southward in the stretch visible from the bridge. Both sides of the river at the bridge are fronted by scour bars—sandy to gravelly alluvial bars oriented with their long axes parallel to the river—but the floodplain on the West Virginia (north) side is much wider than the narrow to nonexistent floodplain on the Virginia side. A large point bar is visible about a quarter mile downstream, near the far end of Virginius Island (just below the last set of prominent rapids). Point bars are places of active alluvial deposition where a river is migrating away from the bar, whereas the steep cut banks visible along the Virginia side show that the river is eating into the south shore. 
The low ridge upon which Harpers Ferry and Bolivar sit is composed of the Harpers Formation. The relatively level summit of the ridge probably is a terrace that represents a former level of the Potomac River, either during or before the Ice Age. One of the most prominent physiographic features of the ridge is Jefferson Rock, a pinnacle of resistant, sandy rock in the lower part of the Harpers Formation readily visible from the bridge.
The structure of the Blue Ridge can also be discerned from this location. The bold bluff that fronts Maryland Heights is held up by the Weverton Formation. By carefully tracing the bluff across the mountain, it becomes apparent that the massive ledge of rock is inclined eastward at about 20-30 degrees, approximately same angle of dip as the beds visible in the river below the bridge and the beds underlying the low ridge at Harpers Ferry. Both of these ridges have prominent dip slopes on their east sides, which parallel the dip of the underlying strata. Normally, younger rocks overlie older rocks, but here, the entire section has been tectonically inverted: in a typical section, the Harpers Formation sits on top of the Weverton, but at Harpers Ferry, the opposite is true, as the bold bluff of sandstone atop Maryland Heights physically overlies the Harpers Formation, which actually is the younger rock. 
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Stop 2. Mesic forest in steep, V-shaped ravine. The boulder bar in the center of the photo hosts chestnut oak and sweet birch.

At stop 2, the trail emerges onto a narrow, level, artificial surface—the old US 340 R-O-W—that hugs the side of the bluff. The steep forested side slope south of the trail cuts across gently eastward-dipping beds of the Harpers Formation. A sizable ravine falls steeply toward the river, interrupted here by the artificial fill of the old highway berm. The cascades in the ravine are formed on more resistant beds, just like the rapids in the river at stop 1. This little stream falls some 150 feet in the 0.2 miles above the river—a rather steep gradient—indicating the vigorous pace of incision characteristic of an out-of-equilibrium stream. The much larger and more powerful Shenandoah River has responded to Pleistocene base level changes by cutting a deep gorge in the Harpers Formation, leaving the much smaller tributary ravine “hanging” on the valley wall. The section here represents the fall zone of the ravine, where it is actively incising the bedrock. The route crosses the same ravine at stop 8, where it looks rather different—a typical small alluvial stream with a broad floodplain.
Numerous ledges of metasiltstone—much of it fairly sandy—dot the walls of the ravine. Slabs and boulders derived from the weathering and retreat of the ledges are moving downslope as hillside colluvium, accumulating in the bottom of the ravine. Colluvium moves downslope under the influence of frost and gravity and is volumetrically the most important way sediment is transported down hillsides when mountains erode. A prominent bar or fan of colluvium (partly reworked by running water) is visible in the bottom of the ravine just upstream of the edge of the woods; sweet birch and chestnut oak are the principal trees on the bar.

Differences in forest composition at this stop reflect variations in microclimate driven by slope shape, aspect, and hydrology. The combination of concave slope, northern aspect, and seepage of ground water produces a cool and moist microclimate near the bottom of the ravine, where large, moisture-loving, mesic trees such as red oak, white ash, and bitternut hickory predominate; Christmas fern, which characteristically occupies steep toeslopes, and marginal wood fern (indicates minimal disturbance) are both common along the sides of the ravine. On a hot summer day, stepping into the mouth of the shady ravine from the sun-drenched meadow along the trail is like walking into an air-conditioned room; the temperature is easily 10-15 degrees cooler. Somewhat higher upslope, white oak, tulip tree, and red maple are more prominent on the straight, slightly drier mid slopes; while chestnut oak, red oak, and dry hickories predominate on the convex spur ridges on either side. 
A number of invasive species are visible in this area, including Norway maple along the forest edge near the ravine.
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Stop 3. An old road cut at the extreme west end of the old right of way exposes metasiltstone and thinly-bedded metasandstone of the Harpers Formation. Columbines growing out of cracks hang over the face of the rock in their classic pose. 
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The rock exposed at stop 3 is severely tectonized—it has been sheared into sausage-shaped masses bounded by intersecting cleavages, producing a fish-scale like appearance (left) that obscures the original bedding at most places. Good, clean exposures of interbedded metasiltstone and fine grained sandstone (right; knife is 8 cm long) can be seen near the base of the stairs where the trail turns uphill. Here, bedding can be recognized by thin layers of light gray metasandstone alternating with darker beds of micaceous metasiltstone. The bedding is nearly horizontal in this exposure, dipping into the slope (SE) at about 5o. Some of the beds appear to be graded, that is, they become more micaceous towards the top. Graded beds can be formed in a variety of environments; they indicate deposition of progressively finer particles as the current wanes during deposition of a given bed. Here, this relationship is upside down—the more micaceous intervals face downward—indicating that the beds are overturned. The overturning and tectonic dismembering of the Harpers Formation occurred when the Blue Ridge was uplifted and transported westward by tens of miles during the Alleghenian Orogeny ~300-325 million years ago.
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Stop 4. About 200 feet from stop 3, the trail crosses a smaller ravine that cascades over resistant ledges of metasandstone (foreground and far background, at about head level), with interbedded phyllite and metasiltstone in between (at about foot to waist level) in the Harpers Formation (left). Bedding here dips about 15-20o SE—somewhat steeper than at the last stop. A set of prominent fractures cuts the rock at a near-vertical angle. The rock displays wavy, canoe-shaped folds between the fractures, which actually are small faults or shear cleavages, with the SE sides thrown upward over the NW sides. The stream has etched the deepest part of the flume into a group of several closely spaced cleavages that comprise a small fault zone, where the rock is weaker. The rock layering is contorted into shear bands in and adjacent to the fault zone (right); the sense of drag along the shear bands indicates the left side of the fault zone moved up over the right side. The dark rock above the knife is phyllite; the lighter rock is metasiltstone.

The lower slopes of the ravine are fairly rich, with white ash, red oak, slippery elm, and bitternut hickory in the canopy, with an understory of hackberry, hophornbeam, spicebush, trout lily, marginal wood fern, and corydalis, among others.
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Stop 7 (no photo). The trail descends into a higher section of the ravine we just crossed at stop 4, before climbing sharply up the side of another spur ridge. The bottom of the ravine displays a few boulders of local bedrock along with a dark, rich soil that appears to represent topsoil eroded off of adjacent uplands. Not far after crossing the creek, the trail passes by several fallen hemlocks, and a look around reveals many others. This NW-facing slope recently hosted a fairly extensive hemlock grove, which was wiped out within the last 20-25 years by HWA, leaving only hardwoods. Many pole-sized hardwoods are competing to replace the hemlocks. 
At this elevation, the only bedrock outcrops are a few ledges near the bottom of the ravine, which quickly diminish as the trail rises up the side of the spur ridge. Deeply weathered bedrock fragments mixed with orange brown loamy soil appear in a few tip-ups near the shoulder of the ridge. The summit itself is broad and gentle, populated with an even-age stand of tulip trees with an understory of Asian bush honeysuckle, barberry, multiflora rose, and wild garlic, signifying an old worn-out field or pasture that was abandoned probably a century ago. The deeply weathered ultisol under the summit lacks fertility, and judging from its appearance, is largely bereft of its topsoil, which appears to have eroded off after the land was cleared, and now resides in the bottoms of the adjacent ravines. 

Along with other nearby spur ridges whose summits are similar in elevation, this ridge is a remnant of a much older and more mature landscape that existed in the late Tertiary prior to glaciation and the resulting incision of the modern drainage network. The ridge stands some 250-300 feet above current river level, suggesting the magnitude of rock and sediment removed by erosion in the past million years or so.
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Stop 8. Toe of colluvial fan in head of ravine (left), displaying three terrace levels; colluvial boulder of very coarse sandstone with a few quartz pebbles (right; knife is 8 cm long).
Stop 8 encompasses the upper part of the same ravine seen at stop 2. No bedrock outcrops are visible in this part of the ravine: the mid and toeslopes are thickly mantled by loamy colluvial topsoil eroded off the adjacent spur ridges, producing a rich, moist habitat that supports a mixed mesic ravine forest of beech, white and red oaks, hackberry, walnut, ash, and bitternut.

This broad upper section of the ravine is much older than the steep, rocky, lower section observed at stop 2. The two sections are separated by a nick point, located about 500 feet below the trail crossing, where the stream gradient steepens sharply. The nick point marks the point in the stream up to which Ice Age-related incision has thus far propagated; over time, it will continue its inexorable upstream migration, deepening this part of the valley into a deep, V-shaped ravine like the lower section. 

Where the trail crosses the stream, the bottom of the ravine is hundreds of feet wide and occupied by the toe of bouldery colluvial fan derived from the Weverton Formation far up the mountainside. Many of the sandstone boulders that make up the fan are very coarse grained and pebbly; particularly good examples can be seen along the trail a few feet below Chestnut Hill Road. The surface of the fan is well defined and slopes down-valley. The two forks of the stream have cut into the fan, producing a striking series of low terraces separated by short scarps, each terrace representing a former stream level. Much of the fan surface has a young, successional forest of black locust and walnut and shows evidence of former habitation, including stone fences, vegetation typical of old pastures, and extensive colonies of periwinkle, commonly planted around homes and farmsteads. 

Stop 5. Just before the first switchback, the trail passes through low ledges with clumps of ferns and herbs growing out of tiny cracks in the rock. A variety of mosses and liverworts grow on other parts of the face. The colonization of rock faces by plants is the first step in the process of soil formation: humus slowly builds up around the bases of the plants as roots, humic acids, and microbes attack the solid rock and liberate minerals needed for plant growth. Over long periods of time, the rock becomes softened and covered with organic matter sufficient to support trees. Once trees are established, a more robust soil profile ultimately develops. 





This process is easily disrupted by both natural disturbance (fire, landslides, floods) and by people thoughtlessly treading or clambering on rock faces and dislodging the plant colonies and organic matter that have built up over hundreds of years.





Stop 6. A few feet uphill of the trail at the second switchback is a small ledge with several closely spaced shear bands identical to those at stop 4. The shear bands have the same sense of asymmetry (SE side up) and are on line with the fault zone at stop 4, and probably represent the same feature.





At about this point, the ridge starts to assume a noticeably convex shape, with a thin, stony, colluvial soil over shallow bedrock, the latter evidenced by scattered ledges that poke up here and there on the hillside. The forest becomes progressively more dominated by dry oaks and hickories. 








