Guide to Geological Features: Maryland Heights
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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 trailhead parking lot. The route starts by following the green-blazed main trail to the major intersection with the blue and red-blazed trails above the Naval Battery. From there, the route proceeds in a more or less counterclockwise direction, first along the Overlook Cliff Trail to the Overlook Cliff, then retracing its steps to the blue-blazed Stone Fort Trail and following that loop back to the intersection above the Naval Battery.

Geological Highlights: Maryland Heights is situated on the overturned west limb of the Blue Ridge uplift. Bedrock along the route consists of low-grade metamorphic rocks of the Cambrian Chilhowee Group, which make up the base of the Paleozoic section in the central Appalachian Blue Ridge. Specifically, the trail system crosses resistant quartzitic sandstones of the Weverton Formation, which underlie the summit and upper slopes of the mountain, and phyllites and meta-siltstones of the Harpers Formation, which are less resistant to erosion and comprise the lower slopes of the mountain. The Harpers Formation stratigraphically overlies the Weverton Formation—that is, it was deposited on top of and is younger than the Weverton—but here, the entire section is overturned to the west, so that the Weverton physically overlies the Harpers. Most of the prominent cliffs, ledges, and boulderfields are composed of the quartzitic sandstones of the Weverton Formation, which is responsible for much of the spectacular scenery and holds up many ridges along the flanks of the Blue Ridge throughout the central Appalachian Mountains. 

The bedrock is covered by a veneer of much younger surficial deposits at many places along the trail. The most prominent of these are boulderfields and colluvial fans composed of rock fragments of various sizes mixed with soil. The colluvium ranges in age from very recent to millions of years old, though much of it was probably generated during the Pleistocene Ice Age, when frequent and intense freeze-thaw cycles wedged rock loose from retreating ledges and destabilized rock and soil along hillsides, sending it downhill in slow motion as a series of overlapping, coalescing colluvial fans. 

Soil is poorly developed and shallow at most places on Maryland Heights, especially on the summit and upper slopes, where steepness, wind erosion, and the generally chemically resistant nature of the quartzitic sandstones of the Weverton Formation greatly limit the rate of soil formation. As a result, much of the mountain is covered by thin, stony soil composed chiefly of loamy sand with a thin layer of organic matter (duff) on the surface. The Weverton rocks and the colluvium derived from it consist predominantly of quartz (silica). The Weverton typically produces coarse-textured, acidic soils with limited fertility and moisture-holding ability—features that favor dry oak-heath forests—but for reasons that are not well understood, the forest on the sandstone at some places on Maryland Heights is unexpectedly diverse. While dry oak-heath forests do occur on the mountain, particularly on the steeper colluvial slopes, many places along the summit and upper slopes host a variety of trees, shrubs, and herbs more characteristic of richer soils with greater base saturation, such as those found on carbonate-bearing sedimentary rocks or basic igneous rocks. 
One possibility is that some of the Weverton strata contain sufficient feldspar (or possibly mica) to add calcium and other bases to the soil in sufficient quantities to affect the vegetation. Although the formation is known to contain arkosic intervals and/or to contain micaceous minerals elsewhere (cf, Southworth and Brezinski, 1996), no studies of the Weverton in the greater Harpers Ferry area report the presence of these lithologies in any great abundance. Nickelsen (1956) made what is probably the most exhaustive study of the petrology of the Chilhowee Group in the Potomac water gap; he describes the Weverton as consisting of 90-95% quartz in this area, though he does note the presence of interbedded phyllites between the three main quartzite members, and an abundance of heavy minerals in some quartzite beds. Whether any of these characteristics apply to Maryland Heights and are influencing the soil and vegetation remains to be seen. 
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Stop 1, left: Seepage face marked by Virginia bluebells. Note the respectable flow of water at the base, which is being directed across and off the trail by a water bar. Right-Irregular, light-colored quartz vein follows a deformed bed of metasilstone (gray-brown). The bedding in this exposure (black line) is inclined to the right at ~30 degrees, but is nearly obscured by the strong, closely spaced tectonic cleavage (blue line), which is almost horizontal and is best expressed in the greenish phyllite in the lower part of the photo. Bottle is 7 cm high.
Stop 1. The section of trail between the trailhead and the first major bend is flanked by several large outcrops of the Harpers Formation. The principal rock types visible in these exposures are phyllite and metasiltstone. The greenish-gray phyllite is thinly bedded, has a wavy appearance, and appears lustrous on surfaces parallel to the layering. The lustrous sheen comes from fine-grained mica that formed when clay in the original shaly sediment was recrystallized during metamorphism. In contrast, metasiltstone has a blocky, brown-gray appearance, and occurs in somewhat thicker beds. It was originally composed mostly of silt-sized particles of quartz and feldspar, and is now recrystallized into a dense, tough rock. A few thicker, lighter-colored beds of sandstone also occur in the sequence within these exposures. They are very similar to the sandstones of the Weverton Formation, only thinner bedded. Collectively, the rocks of the Harpers Formation constitute a thick sequence of mudstones that were deposited offshore of an ancestral North America, probably along the outer reaches of a continental shelf. 

Three prominent structures are visible in these outcrops. The first is the bedding, which is inclined to the east at about 30 degrees and represents the original layers of sediment laid down when the rocks were deposited. The tectonic forces that raised the Blue Ridge have almost completely overturned the rocks from their original horizontal position, however, such that the beds are now upside down! Geologists can recognize this relationship by observing sedimentary structures in the rocks, such as graded bedding and sole marks, which show that the beds have been inverted. Another prominent structure is tectonic cleavage: parallel, closely-spaced fractures that are nearly horizontal and which frequently obscure the bedding. The cleavage formed when the Blue Ridge was uplifted and pushed westward many miles during the Alleghenian Orogeny—the major period of mountain building that occurred about 250-300 million years ago when Africa collided with the southeast coast of North America. This event overturned the rocks at Maryland Heights and also folded the rocks in the mountainous Ridge and Valley region that lies to the west. By some estimates, the Blue Ridge was shoved westward by as much as 40-50 miles, which gives some idea of the amount of force involved! Thin, light-colored veins occur in a few places and represent a third structure. The veins consist of fine-grained quartz and appear to follow small fault zones along which the rock is broken and bent. 
Less than 100 yards above the trailhead, an ephemeral seepage face is visible on the uphill (north) side of the trail. In late winter and spring, ground water seeps out of the rock and soil at this location, supporting moisture loving spring ephemerals such as Virginia bluebells. The ground water that issues from the seepage face recharges through the porous colluvium high on the side of the mountain, and flows slowly downslope through fractures in the bedrock. The seepage face is localized within a small, concave hollow on the mountainside. The inward slope of this concavity focuses ground water inwards towards the bottom of the hollow, allowing the seepage face to capture ground water flow from a much wider area than that immediately upslope. A respectable volume of ground water discharges from this face at peak flow—sufficient to require a water bar to divert runoff from the trail.


[image: image4.jpg]


 

Stop 2. The trail bends sharply to the north and begins to follow the side of a large ravine. Just past the bend is another large ledge of Harpers Formation, in which the original layering, or bedding, or the rocks is well displayed. Here, the phyllite and metasiltstone are closely interbedded. The bulk of the ledge is composed of metasiltstone, which forms blocky, gray beds up to a few cm thick. The siltstone beds are commonly separated by mm-thick beds of phyllite, which was originally shale and forms thin, wavy, lustrous partings that contrast with the more massive metasiltstone beds. Some of the wavy structures along the bedding planes are sole marks—shallow structures produced by currents eroding into the underlying sediment as a bed was being deposited.

Stop 3. As the trail climbs out of the ravine and swings to the east, it crosses a nearly level, semi-open area on the summit of a spur ridge. This bench-like place probably is the remnant of an old river terrace—in other words, it marks the level of the Potomac River at some point in the distant geological past. Numerous such terraces can be found throughout the park, but their exact ages are poorly known because they occur at a variety of elevations and there is no easy way to accurately date them. The level surface here stands more than 200 feet above modern river level and is underlain by a fairly thick weathering profile characterized by reddish-brown soil (note the absence of rock outcrops in this area), suggesting it is probably at least several hundred thousand years old.
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Stop 4, left: Cut at trail intersection exposes a cross section through a colluvial fan. Right-seen up close, the colluvium actually consists of two distinct units: a lower unit of weathered silt, sand, and small rock fragments, overlain by 15-20 cm of gray-brown sand and stones with a thin veneer of dark, humus-rich topsoil. The strong reddish-brown color of the soil profile developed in the lower unit suggests a considerable age, whereas the upper unit is actively migrating downslope and has not had time to develop a strong soil profile. The knife is 8 cm long.
Stop 4. Rock outcrops have all but disappeared as the trail climbs above the level terrace.  Small rock fragments and a few widely scattered boulders dot the surface of the gently-sloping hillside, whose shape is broadly convex and fan-like. Collectively, these features are the tell-tale signs of thick colluvium, whose true nature can be seen up close in a cut at the intersection of the Naval Battery loop trail. The cut, which is more than 100 m long and close to a meter tall, exposes two phases of colluvium. The lower part is reddish-brown, loamy sand mixed with small rock fragments, while the upper 15-20 cm consist of gray brown sand and small stones. The material represents particles of soil and rock derived from the Weverton Formation hundreds of meters upslope and moved downslope over of thousands of years through the action of frost and gravity. During each freeze-thaw cycle, particles near the soil surface are heaved outward a few mm, perpendicular to the slope; when the soil thaws, the particles settle straight down, thereby moving downslope a few mm. Repeated over thousands of years, this process of colluviation is the major agent by which rock and sediment are transported down mountainsides into adjacent valleys. At places where the slope becomes less steep (such as here), the impact of gravity is lessened and the process slows, causing the colluvium to be deposited in apron-shaped fans, much like an alluvial fan forms where a steep stream debouches onto a plain.

The colluvium exposed in the lower part of this cut has a thick, well-developed soil profile, marked by strong reddish-brown colors in the subsoil and moderately strong soil structure produced by coatings of silt and clay on soil aggregates as well as on individual sand grains. Such features typically take tens of thousands of years to develop and indicate that the bulk of the colluvium was deposited here long ago, probably during the Ice Age. The reddish part of the profile is overlain by about 15-20 cm of gray-brown sand and stones, which represents the active, upper part of the colluvial fan that continues to slowly migrate downslope. The darker color is in part caused by the presence of organic matter from the decomposition of modern plant material. The boundary of this upper, active layer with the underlying soil profile is sharp—there appears to be little mixing of the two—indicating that the lower, weathered material has been stable for a long time.

Note: the route follows the lower loop to the Naval Battery
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Stop 5. After a short, steep climb, the trail emerges onto a wide flat on the shoulder of a spur ridge, adjacent to the battery. Like stop 1, this area supports plants adapted to a moist environment characterized by ephemeral seepage of ground water, such as hackberry, green ash, black walnut, Virginia bluebells, and several other species. At first, this would seem an odd place for a seepage swamp, but when placed in its geological context, the location makes perfect sense. Visible not far to the east (best observed when the leaves are off the trees) is the base of a steep ridge, which marks the contact of the Weverton Formation, which makes up the ridge, and the Harpers Formation, which underlies the seepage area beneath a thin veneer of colluvium. Ground water flowing down through the highly fractured sandstones of the Weverton Formation encounters the less permeable rocks of the Harpers Formation and is forced to the surface (or into the colluvium), producing the seepage visible here.
The Naval Battery itself was constructed on the same colluvial fan exposed at stop 4: it was far easier to excavate colluvium by hand than solid bedrock! This pattern is typical of many Civil War structures and fortifications, which were commonly built in places characterized by either many loose boulders or relatively deep sediment, all of which could be more readily shaped by men working manually (or with draft animals).
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Stop 6. Above the Naval Battery, the slope becomes progressively steeper while the rocks visible on the surface become increasingly larger and more numerous. Here, the trail is approaching the head of the large colluvial fan that blankets the west side of the mountain. The fan is being actively shed from the retreating escarpment of resistant Weverton sandstone that lies just upslope of its contact with the less resistant metasiltstones and phyllites of the Harpers Formation. The slope has a strongly convex shape, and its steepest segments are full-blown boulderfields. The colluvium underlying this landscape is thick—on the order of 10-20 feet—and its porous character and convex shape readily drains moisture away from the surface, producing a dry, acid landscape that supports a classic example of a chestnut oak-red oak boulderfield forest with a sparse understory of herbs.  
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Stop 7. Left-The retreating escarpment at the contact of the Weverton Formation is marked by the ledge of sandstone visible in the distance. Right-the head of the fan at the base of the escarpment is composed entirely of large slabs and boulders of sandstone, which can be seen in various stages of being dislodged from the sandstone outcrops in the roadbed and in the first few feet of the hillside above.

Stop 7. The head of the colluvial fan lies at the base of a prominent ledge, which marks the contact between the highly resistant, massive sandstones of the Weverton Formation that cap the mountain, and the less resistant metasiltstones and phyllites of the Harpers Formation below. This is an excellent example of differential resistance to erosion: the contrast in slope is so pronounced that geologists can readily use it to map the contact between the two rock units. 
This locality also beautifully illustrates the processes of escarpment retreat and colluvium formation. The combination of frequent freeze-thaw and gravity acting on the ledge loosens slabs and boulders of sandstone and sets them on a slow motion trip down the hillside. Exposures in the roadbed and on the adjacent hillside show boulders and slabs in various stages of separation from the sandstone outcrop—some have barely moved and still retain the gentle eastward dip of the bedding in the outcrops, while others have been completely detached and rotated into parallelism with the surface slope. Not surprisingly, the largest slabs and boulders are directly below the ledge, but as they slowly migrate downslope over hundreds or thousands of years, physical weathering gradually reduces their size and produces the sandy matrix (seen at stop 4) that fills in around the larger fragments.
These processes have been active here for millions of years. At one time, the Weverton escarpment lay much further to the west—probably well west of the current park boundary—but has retreated eastward across the entire area of the park, leaving behind a series of colluvial fans. The old, weathered colluvium observed in the cut at stop 4 undoubtedly formed in this manner when the escarpment lay further to the west, and it is likely that the colluvial “fan” that covers nearly the entire west side of the mountain actually is a series of overlapping fans that become progressively younger to the east. The colluvium at this stop is very immature and still very much in the process of being generated by ledge breakdown. Other than the thin layer of forest duff, it has little, if any, actual soil development. Like the previous stop, it supports a fine example of a boulderfield forest, composed only of those plants adapted to a dynamic, rocky, acid environment. 
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Stop 8. The overlook trail descends through a dry, open woods. Much of this slope was cleared during the Civil War to improve visibility, but the open appearance is at least partly caused by the geologic setting. The ridge is underlain by resistant quartzitic sandstone of the Weverton Formation, which makes numerous small outcrops. The trail is mostly on the dip slope of the rock, which dips gently eastward. Small pockets of colluvium and thin, sandy soil occur between the ledges of rock. The ridge has a strongly convex shape that sheds water readily. These characteristics lead to a fairly dry environment in which growth of trees is slow. Parts of the slope, especially along the spine, have a rather open aspect. Despite the dryness, however, the slope hosts a significant number of trees and herbs that are more typically found in richer environments: hackberry, white ash, yellow corydalis, and several hickory species are examples. 
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Stop 9. Maryland Heights Overlook. The overlook affords a sweeping view of the historical park and its setting at the confluence of the Shenandoah and Potomac Rivers. Like Maryland Heights, the mountain south of the river in Virginia is part of the Blue Ridge and has the same geological structure: the rocks are overturned and the summit and upper slopes are capped by resistant sandstones of the Weverton Formation, while the lower slopes and Shenandoah Valley are cut into the less resistant siltstones and phyllites of the Harpers Formation. The low ridge occupied by Harpers Ferry and Bolivar Heights also is underlain by the Harpers Formation; the broad summit of this low ridge is at about the same elevation as the low spur ridge visible in the distance on the south side of the Shenandoah River. These two ridges represent ancient river terraces that mark the elevation of the river(s) prior to the Ice Age, when the river valleys were incised to their present depth. 
The overlook itself occupies a dry, exposed spine with minimal soil and shallow bedrock. Table mountain pine is abundant in this environment.
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Stop 10. The section of the blue-blazed trail leading up to the 30-pound battery from the Overlook Trail follows the same convex spine as the lower section of the Overlook Trail described under stop 8. Here, however, colluvium is somewhat thicker and more widespread, with fewer ledges and outcrops of sandstone. The forest in this section is dominated by oaks and hickories, but continues to contain a remarkable number of “rich” species, perhaps most notably, yellow corydalis, which is abundant.
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Stop 11. The eastward dip of the rocks is visible in numerous ledges above the 30-pound battery. The sandstone in the ledge in the left-hand photo dips to the right (east) at about 25-30 degrees. The photo on the right illustrates the pronounced dip slope that makes up the east side of Maryland Heights.
Stop 11. This stop encompasses the steep climb between the 30-lb battery and the southern end of the summit of Maryland Heights. The trail follows the spine of the ridge, which is both steep and convex, and populated at many places by a dry-mesic red oak-chestnut oak community. The trail affords several views of the rugged eastern slope of Maryland Heights, which parallels the dip of the rocks and is thus known as a “dip slope”. The dip slope is characterized by a near-continuous cover of slabby sandstone talus overlying sandstone. Soil is extremely limited in this dynamic environment, characterized by the slow but constant downhill motion of the talus. The parts of the dip slope visible from the trail host a “talus forest” that locally contains sweet birch—the principal environment in which this species occurs in the park.
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Stop 12. For the next 0.2 miles, the trail winds among a series of sandstone ledges that form the summit of the mountain. The ledges are developed on a single, massive, thick bed of sandstone that makes up the base of the Weverton Formation. As is true everywhere in the park, the rock here is upside down, or in geological parlance, structurally overturned. Thus, stratigraphically older rocks are (or were, since they are now eroded off) above the summit, whereas stratigraphically younger rocks (the rest of the Weverton Formation and Harpers Formation) crop out below the summit on the west flank of the mountain.
The summit is typified by an abundance of bare rock, with pockets of thin soil between the ledges. The summit is a dry, windswept place, yet despite this seemingly inhospitable environment, one finds a remarkable variety of plants growing here. Numerous ferns and other herbs occupy cracks and shelves in the ledges, while large trees have grown up in the thin, dry soil around the bases of the ledges and on the somewhat more level shoulders of the summit just to the west. Among these are a surprising proportion of plants normally found in more mesic, richer places: white ash, basswood, corydalis, and even a few specimens of sweet cicily, a parsley family member typically associated with calcareous substrates.  These more mesic species are mixed in with dry oaks more typical of this geological setting, and a considerable amount of witch hazel at places. The latter commonly is associated with acidic soils.
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Stop 13. The 100-lb battery offers a panoramic view of the water gap where the Potomac River cuts through the Blue Ridge Mountains of Maryland and Virginia. The structure of the Blue Ridge is readily evident from the positions of ridges and valleys: ridges mark locations of resistant rock formations such as sandstone, whereas valleys are developed in weaker rocks in the core of the uplift, such as the ancient, billion-year-old Middletown Gneiss that underlies the broad Middletown Valley in the mid-distance. The isolated peak in the far distance is Sugarloaf Mountain, a monadnock of quartzite in the Maryland Piedmont that probably is composed of Weverton Formation, which has been uplifted. The Frederick Valley lies behind Catoctin Mountain, to the left of Sugarloaf Mountain.
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Stop 14 encompasses the section of the summit between the 100-lb battery and the Stone Fort. In this section, ledges are fewer and are interspersed with more numerous flats and saddles covered with boulders that represent the breakdown of former ledges. Despite the bouldery appearance, the soil is likely somewhat deeper and better developed in this section, as the boulders help armor the soil surface against wind and water erosion. Large areas of the upper mountainside visible just to the west of the trail consist of a series of broad, nearly level benches separated from the summit by a prominent ledge of sandstone about 20-30 feet high. All of this area has a relatively rich oak-hickory forest in which white ash and various hickories predominate in the canopy. The principal geologic processes active in this setting are associated with the breakdown of Weverton ledges, and include physical weathering of ledges and boulders, slow downslope movement of rocks via colluviation, and soil development in and around the remaining ledges.

[image: image20.jpg]


 [image: image21.jpg]



Stop 15. The Stone Fort was built from slabs of Weverton sandstone (right) taken directly from the large ledge upon which the fort sits (right).

Stop 15. At 1448 feet above sea level, the Stone Fort occupies the highest summit on Maryland Heights. As with the 100-lb battery, this peak offers a commanding view of the Potomac water gap through the Blue Ridge to the east. 

The fort sits atop a prominent ledge of Weverton Formation, and was constructed from slabs of sandstone taken directly off the ledge. The Federals took advantage of the natural structure of the rock to shape the individual stones that make up the fort. The flat dimension of the slabs parallels the bedding of the sandstone, while the sides of the slabs follow joints and fractures. Quartzite is among the hardest rocks in nature, however, so obtaining and fitting the stones was still backbreaking work—accomplished without the aid of dynamite! The difficulty of this task may be one of the reasons the Federals never completed the superstructure of the fort.
Immediately west and just below the fort is a wide, level bench that is strikingly different from the summit in a number of respects. Much of the surface is devoid of rocks: undoubtedly, many of the rocks that must have originally been present were used to construct the stone walls that criss-cross the bench. The soil also appears to be better developed, though the herbaceous cover is extremely sparse, probably due to extensive clearing and disturbance that took place when the fort was constructed. The forest on portions of the bench directly below the fort are also completely different than anywhere else, with a canopy dominated by medium to large white oak and beech, species not observed elsewhere at Maryland Heights. 
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Stop 16. A grove of large, old ash, hackberry, and bitternut hickory trees occupies the wide part of the bench around and just north of the “encampment” sign.

Stop 16. The area around and just north of the “encampment” sign is the broadest section of the large bench on the upper west slope of the mountain. This nearly level bench appears to be quite moist and to have fairly well developed, moderately deep soil, judging from the absence of rock outcrops, with only a scattering of boulders on the surface. Near the sign is a somewhat open grove of old (probably original) basic-mesic forest, dominated by large specimens of carya cordiformis, celtis occidentalis, quercus rubra, fraxinus Americana, and juglans nigra. Sugar maple is present in the understory. The increased availability of moisture must be attributable to a combination of level terrain, deeper soil, and possibly the perching of ground water in the soil on less permeable solid rock at depth. This area was used extensively as a Union encampment; thus, the soil surface likely was heavily disturbed, which probably explains the relatively sparse herb layer. 
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Stop 17. Going south, the bench becomes progressively more narrow and its surface more boulder covered. This change reflects the greater intensity of erosion near the retreating edge of the bench; the erosion selectively removes the finer soil particles (sand, silt, clay), concentrating cobbles and boulders as a lag on the surface of the bench. At the edge of the bench, the trail drops off onto a steep and distinctly drier colluvial slope covered with slabs and boulders of sandstone. This slope also appears to be much more acidic than the bench above, as manifested by the abundance of witch hazel and mountain laurel. These two shrubs occasionally occur together, but more commonly they occur in alternating bands along the mountainside in response to subtle variations in slope shape and pitch that create differences in moisture availability, concentrations of colluvial boulders, and acidity (probably related to the depth of leaching). Excellent examples of this “banding” of understory types are visible between the edge of the bench and the charcoal-making sign several hundred feet downslope.
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Stop 18. Left: chestnut oak-laurel forest grows among the ledges and boulders on the extremely steep slope midway down the west side of the mountain. Right-bluish, conglomeratic sandstone, with pebbles of frosted white quartz. Some of the pebbles are tectonically flattened into ellipsoids.

Stop 18. The mountainside becomes much steeper as the trail continues down the west side of the mountain across the rest of the resistant sandstones of the Weverton Formation and onto the head of the large colluvial fan seen earlier at stops 4-7. Some of the rock is conglomeratic, with small to medium sized pebbles of white, frosty quartz, as well as more angular fragments of a light-gray mineral that may be feldspar. Many of these clasts are flattened into ellipsoids, a result of the extreme tectonic deformation that pushed westward and overturned the rock section in this part of the Blue Ridge.

The vegetation on this slope is almost universally a chestnut oak forest with a sparse understory of mountain laurel. The steepness of the slope causes most moisture to run off quickly and affords little opportunity for any meaningful soil development. As a result, this part of the mountainside is almost universally dry and acidic, as reflected by the vegetation.
In the uppermost parts of this steep slope, one notices that surface is littered with giant slabs of rock just recently detached from their moorings; the size of the rocks gradually diminishes downslope, reflecting the physical weathering that occurs as the colluvium is transported downhill. 
Stop 2. Bedding is well displayed in this ledge of metasiltstone. Individual siltstone beds range from less than 1 cm to several cm thick, and are separated by even thinner beds of phyllite. The upper part of the ledge appears thinner bedded because it contains more beds of phyllite than the lower part, which is mostly siltstone. Center of face is about 3 m tall.





Stop 6. The slope above the Naval Battery is covered by thick, coarse colluvium of quartzitic sandstone.  The cobbles and boulders on the surface are being actively shed from the retreating edge of the Weverton Formation, which lies about 150 meters upslope, at the next stop. This massive colluvial fan is among the driest and most acidic environments in the park, and supports a dry oak forest with a sparse understory.





Stop 8. The overlook trail follows a steep, strongly convex slope characterized by pockets of thin, sandy soil and colluvium interspersed with outcrops of resistant, quartzitic sandstone.  This dry, exposed environment results in an open, almost park-like community.





Stop 9. The Maryland Heights overlook provides a panoramic view of Harpers Ferry and the surrounding Blue Ridge. The upper slopes of the mountains are held up by resistant sandstones, while the town occupies a low ridge underlain by less resistant rocks of the Harpers Formation, and adjacent floodplain of the Shenandoah River. 





Stop 12. One of the ledges that makes up the summit of Maryland Heights. In contrast to the talus on the dip slope to the east, which parallels the dip of the bedding, the sandstone ledges themselves are part of the “back slope” of Maryland Heights, where erosion has cut across the structure of the rock to expose the overturned bedding.





Pincushion moss and mountain laurel seedlings on the steep, acidic slope near stop 17.











