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  Pennsylvania

  Geology, Caves, and

  the Grand Staircase

   

  Like many Pennsylvania houses, my Indiana home is stuffed into a hillside. The driveway to my semisubterranean attached garage is bordered by a steep slope that happens to be the shortest path between the driveway and the front door. This is not the proscribed path, as dictated by a walkway, but the shortest, and therefore the one inevitably taken. Because friends and family were risking life and limb on my front-yard hill climb, I decided to build some steps. Normally I would have accepted the hill climb as a fact of life, just part of getting into the house, rather than undertake such a tedious task as step building. But I became inspired: I would turn this household chore into a quest by building steps made of rocks representing each geologic period that outcropped in Pennsylvania. I would scour the state for stone and arrange the rocky ages of the past chronologically as treadles from the ancient Precambrian bottom step up to the relatively recent Quaternary top step. My construction-savvy colleague, Whit Watts, assured me that such a thing was possible, and that was all I needed. I immediately began reading three different books on Pennsylvania geology—and none on how to build steps.

  Geologic maps in hand, I canvassed the countryside, foraging into the farthest corners of the state in search of the perfect road cut from which I could pry my step-size stones. The rock collecting was not a random thing, but revealed the pattern of Pennsylvania geology, something that could not be deciphered until I first learned the cadence of geologic time. Rock ages are subdivided into periods of variable lengths and titled with names that have evolved relative to changing interpretations of historical geology. The Precambrian Era covers the first 4 billion years, a mind-bending seven-eighths of all geologic time. These ancient rocks are so old and altered that it’s nearly impossible to develop a reliable system of differentiation within the strata. The rock record of the last half billion years or so is a little easier to chronicle, beginning with the four-hundred-million-year-long Paleozoic Era, which is subdivided into the Cambrian, Ordovician, Silurian, Devonian, Mississippian, Pennsylvanian, and Permian Periods. The Mesozoic “Age of the Dinosaurs” followed and included the Triassic, Jurassic, and Cretaceous Periods, lasting to about 65 million years ago. The most recent era, the Cenozoic, has been divided into the Tertiary and Quaternary Periods, ending with the dawn of humanity.

  The tune of this geologic rock song was more easily remembered with a mnemonic device taught to me by University of Illinois professor Don Johnson. Going forward in time from Cambrian to Quaternary, the weird wording goes: Can Ollie Stick (his hands) Down My Pants Pockets To Jingle Change Tightly and Quietly? Regardless of the questionable meaning, Dr. Johnson promised I would never forget it. I never did, and I recited that silly ditty—never aloud—dozens of times to remind myself what rocks I had in the trunk, and what rocks I still needed to get.

  The map of Pennsylvania surface geology is a swirl of colors that could easily pass as vividly hued abstract art. There is nonetheless a method to this madness. The highly generalized pattern, with some exceptions, has the oldest rocks in the east-southeast part of Pennsylvania trending toward younger rocks in the west-southwest. Ancient Precambrian Era rocks, my bottom step, make up the low, hilly Piedmont in the southeastern corner of the state, bounded to the west by South Mountain—Pennsylvania’s piece of the Blue Ridge—and on the north by the Reading Prong, a rocky ridge of New England Upland that extends across New Jersey and along the southern margin of the Lehigh Valley to the city of Reading.

  The folded Appalachian Ridge and Valley section of central and northeast Pennsylvania is mostly underlain by the oldest Paleozoic Cambrian (Can), Ordovician (Ollie), Silurian (Stick), and Devonian (Down) rocks, in addition to several synclinal basins containing younger Paleozoic Mississippian (My) and Pennsylvanian (Pants) age rocks. Northeast Pennsylvania’s Pocono Plateau is Devonian, and the northern Allegheny Plateau west from the Wyoming Valley is Devonian and younger Mississippian. Nearly all of western Pennsylvania’s Allegheny Plateau is underlain by rocks from the coal-forming Pennsylvanian Period, which trend younger toward the southwest until finally becoming Permian (Pockets)—the most recent Paleozoic period—in Greene, Washington, and Fayette Counties.

  The bulk of Pennsylvania’s rocks were laid down millions of years before the existence of dinosaurs. The relatively small portion of Mesozoic rocks that outcrop in the state buck the east-west, oldest-to-youngest surface trend. The youngest Triassic (To) and Jurassic (Jingle) rocks are hard up against the oldest Precambrian metamorphics in a broad band that borders the Piedmont from Bucks County southwest through Gettysburg. The 400-million-year gap resulted from a rift valley that dropped the older erosion surface downward during the Triassic, when the Atlantic Ocean was opening between Africa/Europe and North America. Reddish sandstones and shales were deposited in the basin along with igneous inclusions resulting from volcanic activity stimulated by the rifting. Pennsylvania has no Cretaceous (Change) rocks. They were either eroded away or never deposited in the first place. Cenozoic Era Tertiary (Tightly) and Quaternary (Quietly) deposits are so recent as to still be in an unconsolidated state, being expressed primarily as coastal plain sands and gravels, alluvium, and glacial outwash laid down in the state’s river valleys, as well as glacial drift mantling the mountains and plateaus of northeastern and northwestern Pennsylvania.

  Pennsylvania’s sedimentary rocks were laid down one on top of the other as sediments deposited by some medium like water, wind, or glaciers. Time and the weight of overlying sediments compressed the sand of ancient beaches and floodplains into sandstone. A mixture of pebbles and sand became conglomerate. Shale originated as the mud of prehistoric coastal swamps, and the partially decayed and buried vegetation of such swamps became coal. The same process could convert the billions of calcium-rich, microscopic sea creatures, shells, and crustaceans that littered the mucky bottoms of shallow seas into limestone, the rock most associated with cave formation. These rocks were stacked with the youngest always on top, like a multitiered layer cake, recording the state’s ever-changing environments through the ages, the rise and fall of ancient oceans, the expansion and contraction of tropical marshes and desert sands, even the fickle movement of long-gone rivers.

  The earth is a dynamic place. Even inert rock deeply buried for eons is not immune to radical transformation. The rocks of Pennsylvania have experienced the heat and pressure of no less than four separate orogenies, mountain-building periods that have bent, broken, and in places physically altered the rock into metamorphic equivalents. Erosion-resistant sandstones and conglomerates have been converted into even tougher quartzites, shale into slate, limestone into marble, and soft bituminous coal into harder, more concentrated anthracite.

  Pennsylvania’s distinctive geography of rolling hills, dissected plateaus, and long, sharp back ridges separated by broad valleys resulted from the most recent Alleghenian Orogeny, which brought Africa into collision with North America during the assemblage of a supercontinent known as Pangaea. This titanic Pennsylvanian-age continental collision faulted and compressed the state’s Paleozoic rock package into a series of great upturned and downturned folds, like a rug pushed from its end to one side of a room. The folds were greatest to the east and southeast, closer to the zone of contact. Here a sole thrust fault 20,000 feet beneath the surface split horizontally through Cambrian beds, allowing the entire rock package above the fault to be shoved northwestward at the same time that it was being folded into the Appalachian Mountains. Farther west, the sole thrust fault ramped upward through 75 million years worth of rock, then split horizontally again through weak Silurian shales. Because the rock package above this part of the thrust fault was thinner, it offered less resistance to the compression of continental collision, and therefore the folds under what is now the Allegheny Plateau are shallower.

  While being compressed over the course of millions of years, these 10- and 20-mile-wide folds were also being planed down by the forces of erosion. In places, 10,000 vertical feet of rock have been eroded away. Because some rocks are harder than others, they erode at different rates and therefore create different topographies. Shales and limestones are more easily eroded; sandstones, conglomerates, and quartzites are more resistant. Where these weaker rocks outcrop adjacent to more resistant beds, the shales and limestones erode faster, resulting in valleys. The more slowly eroding sandstones, conglomerates, and quartzites are left standing as ridges. Silurian-age Tuscarora quartzite, Mississippian Pocono sandstone and conglomerate, and Pennsylvanian-age Pottsville sandstone and conglomerate are the three dominant ridge-forming rock strata in Pennsylvania’s Appalachian Mountains.
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    Huntingdon county’s Thousand Steps, where quarry workers built their own grand staircase in 1936 using slabs of Tuscarora quartzite.

    

  

  The best way to appreciate these ridge forms is to visit Thousand Steps in Jacks Narrows just north of Mt. Union. Thousand Steps was built by quarry workers in 1936 to access the Tuscarora quartzite, used in the manufacture of silica bricks, at the top of Jacks Mountain. The stiff climb up 900 vertical feet can still be made today.

  A layered, sedimentary rock package that has been bent upward into an anticline will have older rocks toward the core. Sedimentary rocks that have been bent downward into a syncline will have younger rocks toward the core. In Pennsylvania, the older rocks outcropping at the surface of anticlinal valleys include cave-bearing Ordovician and Devonian limestones. The younger rocks cupped within the synclinal basins contain mine-studded, Pennsylvanian age coal seams.

  Months of rock hunting fetched me a yard full of stones that no mason in his right mind would assemble together. Silvery Wissahickon schist was wrested from the hills of Philadelphia’s Manayunk for the bottom step. The origins of Wissahickon schist are shrouded in the mystery and metamorphic change of geologic time. Some geologists assign it to the Precambrian Era; others have pegged it to the Lower Paleozoic. Either way, I could not resist the precious-metal appearance of this silver-streaked, mica-studded stone. Cambrian quartz chunks and dolostone from Lancaster County were set for the second step. Slabs of Ordovician limestone from Morrison Cove in Bedford County were acquired for the third. Silurian Tuscarora quartzite was chosen for the fourth step after being pried from the crest of Tussey Mountain west of Saxton. Sandstones and shales of the Devonian Catskill Formation, the hardened record of a massive delta that once nearly covered the state, were plucked from the banks of the Juniata River in Blair County. Anthracite (hard coal) was collected from the eviscerated bowels of Schuylkill County for the all-important Pennsylvanian step and joined with a piece of Pottsville conglomerate taken from the top of Mount Davis, highest peak in the state. Permian shales were pulled from a ditch along the National Road in Washington County. Igneous diabase from the same Jurassic-Triassic volcanic dike that forms the boulders of Gettysburg’s famous Devil’s Den was included into the second highest step. As the Cretaceous skipped Pennsylvania, so I skipped it, as well as the pebble, sand, and clay-cloaked Tertiary. For the top step, I used wave-washed cobbles deposited by Quaternary glaciers and scavenged from a Lake Erie beach on Presque Isle Peninsula. The rocks having been assembled, it was time to dig.

  I strolled into the yard one sunny Sunday in May, blissfully ignorant of the fact that the step project would not be completed until the following May. Originally I had labeled the project “Geologic Steps,” but after six months of labor, I wanted a new name that reflected the effort—if not the end product—and rechristened it “Grand Staircase.” Apparently my wife, Theresa, thought the project would be completed by suppertime. Although by then I had not yet begun to fight, I had nonetheless hacked a great gash into our hillside. Theresa stared down into it and asked, somewhat stupefied, “Why are you digging?”

  Why are you digging? It wasn’t the first time I had been asked that. My mother said the same thing when I was digging that hole to China in the backyard. I figured if I was up to my knees by lunchtime, I was halfway there. Years later, the wonders of latitude and longitude taught me that contrary to popular belief, China was not on the opposite side of the planet from my house—the Indian Ocean was. Imagine if I had made that connection. Mom really would have been pissed to find the backyard flooded with Indian Ocean water. I suppose it was not China I was after anyway, but the sense of discovery. The New Jersey housing development I grew up in was scorched earth, scraped clean by the bulldozers that prepared the lots. That, however, did not prevent me from finding Indian arrowheads (any triangular rock or hunk of concrete), colonial farm implements (broken, rusted, and lost yard tools), and even pirate loot (shards of glass and ceramic). Each bit of booty represented the manifestation of discovery and was cherished like the riches foretold by a treasure map.

  The drive to experience that sense of discovery permeated the stories of Pennsylvania’s caves. Within the first few years of operation, “new discoveries” were found at Lost River Caverns, Indian Echo Cavern, Indian Caverns, and Lincoln Caverns. In all cases, proprietors responsible for finding the new chambers added them to the tour by blasting tunnels through solid rock. Cavers who explore the depths of Pennsylvania’s wild caves dream of discovering a “virgin passage,” a yet-to-be-plumbed hole leading to a subterranean world that has never been entered by another human being. Some have forfeited their lives in the quest. Some, like William Wilson, the Pennsylvania Hermit, have entered caves in search of self-discoveries. Embracing subterranean exile after the loss of a sister he could not save, Wilson lived in Hummelstown Cave for nineteen years and eventually found peace in solitude that allowed an undistracted communion with God.

  As for me and the Grand Staircase dig, I discovered the electrical wire that ran to the front-yard coach lamp. Apparently it had to be sacrificed for the project. I also discovered the rainwater runoff pipe that drained my gutters into the sewer. That one forced a redesign. More significantly, however, the digging, the rocks, and the running around the state reawakened a fascination I have always had for the human perception, interpretation, and reordering of nature as an extension of the cultural landscape.

  The simple naming of nature gives it a human dimension that can be explored for meaning. Take, for example, Balanced Rock in Huntingdon County’s Trough Creek State Park. As a huge block of sandstone poised on the edge of a cliff, it is nature, the product of normal erosive processes that will eventually drop it into the valley below. As Balanced Rock, it takes on the anthropomorphic meaning of implied action, as if it were actually balanced by some being. It ceases to be just another rock and becomes a tourist attraction, requiring an infrastructure of trails, fencing, and signs that allow visitors to experience the curiosity from the proper perspective. In addition to Balanced Rocks, the state is filled with Pulpit Rocks, Devil’s Racecourses, and Indian Profiles. Most of these features were given labels by early European settlers reflecting their cultural legacy and perspective of the frontier. Some reference God in nature, some echo the primordial, demon-filled fear of a chaotic wilderness, and many others reaffirm the eternal link between the land and its aboriginal inhabitants. All of this assumes some sort of human point of view. This was the real quest brought on by the step project. Bound within these layered pages is the human side of Pennsylvania’s geology, highlighting the netherworld where our powers of perception, interpretation, and manipulation have been particularly ingenious.

  Lincoln Caverns was the first cave I was ever in. Like most people’s initial experiences with caves, mine was with my parents while on a family vacation. The average parent does very little comparison shopping when it comes to caves. Lincoln Caverns was chosen because it was on the way to my grandparents’ house in Clearfield County. There were six of us kids crammed into the back of a Pontiac Tempest station wagon getting more excited with every “Lincoln Caverns” billboard passed. Having at last arrived, we kids wandered around the gift shop while Dad came to the realization that in order for him to see the inside of a cave he would just as soon skip, he would have to pay the admission price times eight, less the child discounts, of course. After this scary moment of parental second thought passed, we got our tickets and made the mad dash across busy U.S. Route 22 from the old gift shop to the cave entrance on the other side of the road.
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    The original door to Lincoln Carverns’s underground world was located just a few feet away from busy U.S. Route 22. DEAN SNYDER

    

  

  Contrary to my expectations of what a cave entrance would look like, Lincoln Caverns lay behind a wooden, fairytale-like door placed in the side of a mountain. Once inside, other cavey expectations were instantly shattered. I anticipated the three Ds—dirty, dark, and dank—and possibly smelly. Having grown up in New Jersey, I must have thought caves were akin to sewers. The cave was actually well lit, reasonably dry, and astoundingly colorful. It was a subterranean world of enchantment. Although the stalactites, stalagmites, and other speleothems stole the show, I was equally fascinated with the intimidating flight of concrete steps mounted to view the Frozen Niagara, the seemingly incomprehensible labyrinth of paths, the semihidden system of colored lights, and the intriguing names given to the formations. I had no idea what Bath of Nymphs meant, but it sounded magical. The Devil’s Den gave me the creeps. The implication that it was the gateway to hell was further accentuated by its being backlit with a reddish glow. The cave guide seemed all-knowledgeable, like a wise old sage from some magic kingdom. I asked him how those steps got in the cave. I was a little surprised when he acted like he had never heard such a question before but forgave him for his weak answer.

  Back in the gift shop, I was drawn to the black and white photographs that hung on the wall showing happy cave visitors from the past standing next to their dark, bulbous cars. Men in sport coats and ties. Hatted women wearing dresses and high-heeled shoes. They looked more like they were going to church than into a cave. It gave me the sense that Lincoln Caverns was not just a my-time thing. The cave had operated as a tourist attraction for a long time, since when my parents were kids, which I had always assumed was a time of poverty and want, when the possibility of frivolous cave visits could not have existed. I rifled the racks for a book that could explain it to me, tossing aside books on bats and spelunking. They did not hold the answers. I wanted to know how Lincoln Caverns was formed geologically, as well as how it was developed. I wanted to know who those people were in the old photographs, and who painted the billboards, and how they affixed a door to a mountain. I wanted to know how someone came up with such a name as Bath of Nymphs, and I wanted a book that could tell me how those steps got in the cave. In a way, this is that book.

  Although the National Speleological Society has recorded more than 1,220 caves in Pennsylvania, only nine are currently operating tours. All nine of these show caves resulted from the dissolution of limestone laid down in the Cambrian, Ordovician, Devonian, or Mississippian Periods, times when large sections of Pennsylvania lay submerged beneath shallow seas. The three eastern caves—Lost River, Crystal, and Indian Echo—are part of the Great Valley Cave Belt that stretches between southeastern Pennsylvania and eastern Tennessee. The Great Valley is more commonly known by a number of different regional names, such as the Lehigh, Lebanon, and Cumberland Valleys in Pennsylvania and the Shenandoah Valley in Virginia. The entire length is underlain by Cambrian and Ordovician limestones pockmarked with caves. Lost River Caverns is on the fringe of the Lehigh Valley just south of Bethlehem. Crystal Cave is in the Schuylkill Valley to the southwest, and Indian Echo Caverns is in the western part of the Lebanon Valley between Hershey and Harrisburg. Two more Great Valley show caves have since closed. Onyx Cave operated in Berks County until the 1980s, and in southern Cumberland Valley, Baker Caverns closed in 1954. Maryland’s Crystal Grottoes and the famous caves of Virginia’s Shenandoah Valley—Luray, Skyline, Shenandoah, Endless, and Grand—are part of this same cave belt.
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    The central stalactite drips onto Lincoln Caverns’s Bath of Nymphs in the Palace of Splendor, later reinterpreted as the cave’s Wishing Well. DEAN SNYDER

    

  

  Five show caves are scattered about the limestone valleys of central Pennsylvania. Woodward Cave and Penn’s Cave are in Centre County, Indian Caverns and Lincoln Caverns are in Huntingdon County, and Coral Caverns is in Bedford County. The first three are in Ordovician limestones, the last two are Devonian. Five other central Pennsylvania show caves failed decades ago. The entrance to Laurel Caverns, western Pennsylvania’s only show cave, is perched high on Chestnut Ridge in Fayette County where the Mississippian Loyalhanna limestone outcrops.

  These operating show caves are familiar to most Pennsylvanians, who have at least seen their colorful billboards along the highway, if not actually been in one or more of them. The closed caves, however, have for the most part fallen off the average resident’s mental map of the state. To be sure, the caves still exist, their walkways and steps slowly crumbling and silting over, their handrails and hardware gradually becoming entombed in growing calcite formations.

  The commercial cave tour is a blend of natural history and human history; of myth, imagination, legend, and science; of pristine nature and profitable tourism. Each tour is unique not only because of nature’s infinite variety, but also because of the management style of the entrepreneur. Show caves are the final bastion of the individual family-run, owner-operated roadside attraction. Caves cannot be manufactured, or set down in more profitable locations, and it would be difficult if not impossible to manage them as standardized corporate chains with namebrand recognition. By their very geologic nature, they have resisted the corporate capitalism that has come to overwhelm modern tourism with a proliferation of theme parks, infotainment museums, and synergic crossovers. Like the family farm, a show cave is as much a lifestyle choice as a business, characterized by long-term stewardship and inheritance, with caves being passed down through family dynasties. Coral Caverns is the only show cave in Pennsylvania run by first-generation proprietors. Five others are in their second generation, and three are in their third. Penn’s Cave has started to employ its fourth generation.

  Although each show cave is unique, all have historic ties to romantic landscape tourism of the Victorian era. This was a time when few but the wealthy, educated elite had the means and leisure time to travel for the purpose of self-fulfillment. Tourism was a passive experience emphasizing the contemplation of visual scenery. Landscape appreciation was taught, and environments were manipulated and ordered to reflect certain values and ideals. Through literature, art, and landscape architecture, the romantic aesthetic could be applied to even the grandest of America’s scenic wonders. Niagara Falls, Natural Bridge, and Mammoth Cave became significant stops on America’s Grand Tour, and the landscape aesthetic became the blueprint for arranging natural tourist attractions great and small. Natural wonders were experienced by strolling circuitous paths lined with rustic benches, bridges, and gazebos to view scenic tableaux further enhanced by myth, legend, or local history. The trend was firmly established by the age of mass middle-class tourism in the twentieth century. Other aesthetics would follow, including an infatuation with all that was modern, as well as a growing emphasis on active tourism and recreation. The romantic landscape aesthetic nonetheless provided the foundation on which the others would rest, and while subsequently de-emphasized, neglected, or even abandoned, it can still be discerned.
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    The Grand Staircase on the day of its grand opening.

    

  

  Indiana, Pennsylvania, witnessed the grand opening of my Grand Staircase on May 5, 2000. All the neighbors were there for the ribbon cutting and trooped up through the geologic ages. I made refrigerator magnets proclaiming it the “Eighth Street Wonder of the World.” Some weeks later, I was admiring the new bluestone fireplace wall of my friends Chuck and Suzanne Yula when the subject of Grand Staircase came up. They had yet to see it, and Suzanne assumed that with all those different rocks, the steps must look nice. Nice? It was the first time I had ever considered the term. Nice implies appearance rather than experience, and craftsmanship over concept. Does Grand Staircase look nice? Well, it’s not a matter of what it looks like, but what it is.
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  Pennsylvania Rocks

  and How They Got

  That Way

   

  Ihad a rock collection when I was younger. I thought it was pretty impressive at the time, but in reality it wasn’t much. After all, I lived on the coastal plain and could collect rocks only within walking distance of my house. Basically, my collection consisted of quartz pebbles and some broken bits of brick and concrete. What it lacked in quality, however, it made up for in quantity. My rock collection filled a shopping bag. After acquiring the rocks, I rolled up the top of the shopping bag and put it in a corner of the utility room. Months passed, maybe years, and the bag moldered away beneath a pile of winter boots, backyard balls, and baseball bats, until one day it was unearthed by my mother. As she picked up the bag, the bottom ripped out, releasing an avalanche of sand and stone onto the utility room floor. Yeah, my rock collection. I returned the rocks from whence they came for some other kid to find.

  My rocks, like any others, were physical evidence of the environment that existed when they were deposited. Essentially, my neighborhood was a beach at the edge of the Atlantic Ocean when those wave-washed pebbles were laid down in the Cretaceous. Seeing as how the seashore is now only about 50 miles away from my old neighborhood, things have not changed all that much in the last 100 million years or so.

  Pennsylvania’s environments have changed radically in the last 600 million years since the Precambrian, and these changes are expressed not only underground, but aboveground as well. A mere blink ago, geologically speaking, Pennsylvania settlers began quarrying stone that it had taken nature millions of years to put in the ground. They used the stone for their vernacular buildings—barns, houses, and whatnot—creating an aboveground cultural geology that mirrors the rocks underground.

  The early nineteenth-century furnace stacks scattered across the western part of the state are inevitably made of the nearly ubiquitous buff-to-brown-colored Pennsylvanian-age sandstone. Bank barn foundations and farmhouses in Lancaster and York Counties and the Great Valley are the grayish white of local Cambro-Ordovician limestones and dolomites. In the narrow Triassic lowland that separates these two regions, the stone buildings turn ruddy with red bed sandstones. Even the geologic boundary is represented in the red sandstone quoined, white limestone buildings found along the southern margin of the Lebanon Valley. Many miles of roads in northeastern Pennsylvania cast a reddish hue from the Mauch Chunk red bed used as aggregate in the paving asphalt. The walls of Philadelphia’s Manayunk shimmer in the sunlight with the silvery sheen of Wissahickon schist, a building stone that is virtually absent from the brick-row-home-crowded Coastal Plain streets of South Philly not five miles away. Just west of Philadelphia, the surprisingly green buildings of West Chester University and the old Chester County Courthouse are the dressed version of locally quarried serpentine.

  And finally, there is the Bucks County stone house located a stone’s throw away from the Monroe Border Fault in Riegelsville. The fault marks the plane of slippage for the Triassic half-graben, putting some of the state’s youngest red sandstones and shales against the oldest Precambrian granites and gneiss of the Reading Prong. The Precambrian rocks have been thrust over younger Cambrian dolomites and quartzites, which also outcrop in the vicinity of the fault. The house is a multihued geologic sampler of local rocks containing granites, red rocks, dolomite, and other stones, reflecting the underground complexity. The rocks of Pennsylvania are wonderfully varied, each a souvenir of the environment that created it cached away in a subterranean treasure chest for millions of years.
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    The geology of Schaefferstown, a Great Valley village, is reflected in its buildings. The building on the right is made of Lebanon Valley limestone; the Triassic red sandstone of the other building comes from the Furnace Hills to the south.

    

  

  
If All of Time Were the Pennsylvania Turnpike

  Time is an important factor in cave formation. One of the most commonly asked questions on any cave tour is “How old is this cave?” The same sense of astonishment is inevitably vocalized whether the answer comes back 500,000 or 500 million years. Relative to a human life span, both are a long, long time, even though there is a considerable difference between the two, and it can be difficult to conceptualize the relative difference. Both numbers may also answer the question, the older time referring to the age of the rock, and the younger being the age of the hole. And that’s your basic cave: rock and absence of rock. The rock was laid down as an oozy, calcium-rich sediment at the bottom of the sea hundreds of millions of years ago, and then dissolved away to form a cavity hundreds of thousands of years ago.

  To put this into perspective, let’s assume the Pennsylvania Turnpike represents time since the Precambrian. The turnpike’s Main Line stretches for 360 miles from Ohio to New Jersey. That would put the Gateway Toll Plaza on the Ohio border at the beginning of the Cambrian Period, about 600 million years ago. From then to the end of the Ordovician Period, most of Pennsylvania was underwater most of the time. The equivalent distance on our turnpike timeline would cover the first 100 miles (28 percent) from the Ohio border to a point nine miles west of Interchange 91 at Donegal.

  Pennsylvania was on the continental shelf submerged by the landward extension of the Octoraro Sea. Off the coast to the southeast were fragments of the continent, known as the Baltimore and Brandywine microcontinents. Beyond them was a volcanic island arc, something like the modern-day Aleutians, created by a subduction zone that ran along the east coast of an ancient North America. Beyond the island arc stretched the Iapetus Ocean, the Proto-Atlantic that separated North America from Europe. The Cambrian and Ordovician seas teemed with life, including trilobites, nautiloid cephalopods (invertebrate squid creatures), jellyfish, sponges, corals, and mollusklike brachiopods. Life on land, however, was still 250 million years away. This was the time and environment in which most of the dolomite and limestone beds throughout Lancaster County, the Great Valley, and the Appalachian Ridge and Valley sections formed. (Dolomite and limestone form in similar shallow sea environments, but dolomite contains more magnesium and tends to occur in shallower waters, whereas limestone contains more calcium and tends to occur in deeper water.) There were periods, however, when terrestrial sediments eroding in from the west displaced the shallow Octoraro Sea, creating future sandstone and shale layers that separated the older limestone beds from newer ones deposited in subsequent submersions.

  
 [image: image]


  The subduction zone to the east was bringing North America, and its offshore microcontinents, into collision with Europe. The microcontinents plowed into the island arc during the late Ordovician, an event known as the Taconic Orogeny. A massive mountain range was thrown up in what are now New England and the Maritime Provinces of Canada. The collision caused the continental shelf at Pennsylvania’s location to warp downward into a foredeep basin known as the Appalachian geosyncline. This basin received sediments eroding from eastern mountains for the next 180 million years. The eastern part of the continental shelf broke in several places and was stacked northwestward along overthrust faults. This included a huge chunk of limestone that came to rest on a younger surface of Martinsburg shales and was subsequently buried by mud that would become more Martinsburg shales. Eons later, the forces of erosion exposed this isolated chunk of seafloor as the Hamburg klippe, a cave-studded section of the Great Valley that extends from Kutztown to Carlisle. Even deeper-seated Precambrian metamorphics were broken and thrust northwestward to one day be exposed as the hard rocks of the Reading Prong, Pennsylvania’s extension of the New England Upland.

  The Taconic Orogeny falls between Interchanges 67 (Irwin) and 110 (Somerset) on the turnpike timeline, and marks a geologic transition from marine to terrestrial environments as the shallow sea over Pennsylvania was gradually displaced by an expansive delta of sediments being shed from the mountains to the east. Called the Queenston Delta, this late Ordovician depositional feature contains numerous red beds, which resulted from the oxidation of minute iron compounds in sediments deposited in an arid environment. Pennsylvania at this time looked more like the current deserts of the American Southwest. During the early Silurian, the delta was capped by a stream-dropped stratum of sand and gravel. The heavier pebbles were dropped first, as stream velocity decreased on the eastern landward end of the delta. Finer sands were carried beyond the shoreline to the west. The pebbly stratum lithified into what would become the ridge-forming Shawangunk conglomerate that outcrops in Blue Mountain east of Harrisburg. The western sandstone was metamorphosed in the later Alleghenian Orogeny to become the Tuscarora quartzite that holds up many of the ridges in the central part of the state.

  As the Taconian Mountains eroded away, the inland sea to the west made repeated incursions over future Pennsylvania, depositing limestones that included the upper Silurian Keyser Formation and lower Devonian Helderberg beds. Cavities dissolved from Helderberg limestones were destined to be commercialized as Lincoln Caverns, Coral Caverns, and Seawra Cave. This period of tectonic quiet did not last long, and thus the Silurian-Devonian limestones are not nearly as thick as the Cambro-Ordovician carbonates. The equivalent distance on the turnpike timeline is a mere 15 miles or so, from the Somerset Exit to the Allegheny Tunnel. A widespread volcanic ashfall during the middle Devonian signaled the onset of the Acadian Orogeny, an even more massive and long-lived mountain-building period resulting from the megacollision of Europe into North America.

  The mountainous suture for this new continent of Laurentia was at least as high as the present Andes and lay east of the worn-down Taconian Mountains. The Piedmont was the only part of the state to experience metamorphism and deformation as a result of the collision. The rest of the state was influenced by the replication of geologic events that occurred during the Taconic Orogeny. The down-warping of the Appalachian geosyncline was renewed, burying the Onondaga limestone deposited by an inland sea with flysch, a fine mud found in deeper waters. The flysch became the black shales of the Marcellus Formation and was itself buried by the sediments washed westward from the new Acadian Mountain range. This sedimentary wedge was the Catskill Delta, a larger version of the previous Queenston Delta that then lay buried beneath it. Sandstones, shales, and desert red beds spread westward across Pennsylvania throughout the rest of the Devonian.

  It was at this time, in the late Devonian, that dual-mode sea creatures first crawled out of the water to exploit ecological niches on dry land. More than one-third of the time since the end of the Precambrian had already passed by. This is the equivalent turnpike distance from Ohio to Bedford County.

  Like the Queenston Delta, the Catskill Delta was capped by a quartzitic sandstone laid down by streams flowing westward toward the inland sea. This is the Pocono sandstone and conglomerate that support all the ridges surrounding the hard coal-bearing synclinal basins of northeastern Pennsylvania, as well as the Broad Top coal basin in southern Huntingdon and northeastern Bedford Counties. The Pocono’s finer-grained equivalent in the western part of the state is Burgoon sandstone, a resistant cliff rock found along the Allegheny Front and at the crests of Laurel and Chestnut Ridges.

  The Pocono/Burgoon Formation belongs to the lower part of the Mississippian Period, a 30-million-year span of time that would cover the section of the Pennsylvania Turnpike between Bedford (Exit 146) and Breezewood (Exit 161). The Mississippian and Pennsylvanian are collectively known as the Carboniferous Period, a time when vast, tropical, coastal swamps repeatedly formed, were buried, and formed again throughout a prehistoric world where much of the landmass was near the equator. These coastal swamps provided the partially decayed plant matter necessary for virtually all of the planet’s coal seams. On the turnpike timeline, the Pennsylvanian portion of the Carboniferous Period would extend from Breezewood nearly to Willow Hill at Interchange 189, 9 miles east of the halfway point.

  By the middle Mississippian, fewer sediments were being carried from the worn-down Acadian Mountains, allowing an eastern regression of the inland sea to cover western Pennsylvania. The resulting Loyalhanna limestone was nearly 50 percent calcium and 50 percent silica, meaning it could almost pass as sandstone. The high silica content actually comes from the underlying Burgoon sandstone, which eroded into the sea from the north due to the rising of the Canadian Shield. Unlike the valley-bottom limestones east of the Allegheny Front, the Loyalhanna outcrops along the crests of Laurel and Chestnut Ridges. Its high silica content retards the growth of speleothems but aids in the creation of extensive mazelike caverns. Laurel Caverns, honeycombing the western slope of Chestnut Ridge in Fayette County, are in fact the longest commercial cave system in the state.

  As the Loyalhanna sea regressed westward, another delta covered the future state from the southeast. The resulting Mauch Chunk red beds signify an arid climate and a gradual rise in the continent to the east. In western Pennsylvania, the Mauch Chunk red beds lie on the Loyalhanna limestone and are interbedded with thinner limestone layers. In the east, they sit above the resistant Pocono sandstone. The uplift continued, spreading a sandy alluvial plain across the state that was to become lower Pennsylvanian Pottsville sandstone.

  The anthracite and semibituminous bearing synclinal basins of Pennsylvania’s Appalachians are bounded by a double ridge rim of Pocono and Pottsville sandstone, separated by an intervening valley of softer Mauch Chunk shales. The sequence is apparent when traveling north on Route 61 across the Lower and Western Middle Anthracite Fields. Immediately south of Pottsville, Route 61 extends through a double water gap carved by the Schuylkill River through Second (Pocono sandstone) and Sharp (Pottsville sandstone) Mountains. The ridges are separated by the narrow Tumbling Run Valley (Mauch Chunk red beds). For the next 30 miles, strip mines and gob piles—mine tailing dumps—abound, evidence of the basins’ long history of coal mining. These scenes of extraction are interrupted only by the forest-cloaked flanks of Broad Mountain, an anticlinal ridge of Pottsville sandstone marking the boundary between the two hard coal basins. Beyond Shamokin, PA Route 61 leaves the Western Middle Anthracite Field by way of another double water gap carved by Shamokin Creek through the same Pottsville–Mauch Chunk–Pocono beds outcropping in Big Mountain, Little Mountain, and the intervening valley.

  At the beginning of the Pennsylvanian Period, the climate was changing in response to North America’s tectonic drifting away from the arid subtropical latitudes of the Southern Hemisphere and toward the humid equatorial region. Extensive coastal swamps formed in two great periods that were responsible for creating Pennsylvania’s future coal seams. In the soft coal bituminous fields of western Pennsylvania, the most profitable seams are associated with the lower Pennsylvanian Allegheny Group, which includes the Lower Kittanning and Upper Freeport seams; and the upper Pennsylvanian Monongahela Group, with its massive Pittsburgh seam, the richest mineral deposit in the world as measured by the total value of mined rock. The equivalent hard coals in the eastern anthracite fields belong to the Llewellyn Formation.

  The coal seams were laid down in repeating cycles of changing coastal environments at the fickle margin of a vast inland sea. The gradient of the adjacent land was so low that small fluctuations in sea level could flood or drain huge areas. A rising sea level buried coastal swamps with mud, allowing the partial decayed vegetation and peat to turn into coal beneath a layer of shale. As the rising sea deepened, coral reefs, shells, and crustaceans provided the raw materials for limestone, which itself was buried under stream-deposited sandstone when sea level receded again in the face of an advancing delta. Over time, another coal-creating tropical coastal swamp formed on the delta, and the cycle began anew. These coal-shale-limestone-sandstone-coal cyclothems continued into the Permian Period, when the last great mountain-building period peaked with the collision of Africa and North America.

  This collision, known as the Alleghenian Orogeny, and 200 million years’ worth of erosion are responsible for the quintessential landscapes of present-day Pennsylvania—its broad valleys, long parallel ridges, and uplifted dissected plateaus. By the end of the Pennsylvanian Period, most of the world’s landmasses were either on the Laurentian continent, with North America and Europe, or part of the larger Gondwanaland, with Africa, South America, Antarctica, and much of Asia. The two land giants were separated by the Iapetus Ocean, a proto-Atlantic, which narrowed and then ultimately closed as the continents were drawn into collision to form the supercontinent Pangaea. The rocks that had been stacking up in the Appalachian geosyncline for the last 300 million years were shoved northwestward along sole thrust faults, from which other faults splayed and ramped upward through the rock package. The rock layers above the upward ends of these faults were bent upward into anticlines separated by downward-folded synclines. The heat and pressure generated by more intense folding of the Appalachian Ridge and Valley rocks is what converted the coal of northeastern Pennsylvania into anthracite.

  On our turnpike timeline, the Alleghenian Orogeny took place just beyond the halfway point between Ohio and New Jersey, at Exit 180, Fort Littleton. At their peak, the Permian-age mountains of Pennsylvania looked more like the Rockies, with an average relief between 11,500 and 15,000 feet. The land was high and dry, and the forces of erosion dominated, eroding the softer shales and limestones into valleys while the more slowly eroded sandstones, quartzites, and conglomerates were left standing as ridges.

  With the exception of the Triassic red beds and basalts found in a band stretching from Bucks County to Gettysburg, Pennsylvania is devoid of rocks from the Mesozoic Era. This is a 165-million-year chunk of time that encompasses the entire rise and fall of the dinosaurs throughout the Triassic, Jurassic, and Cretaceous Periods. The equivalent distance on the Pennsylvania Turnpike would stretch for 132 miles, from Exit 180 to Exit 312 at Downingtown—more than one-third of the turnpike’s entire length. Rock layers were not being deposited during this vast sweep of time; they were being eroded away and carried off as the sand and silt of long-gone river systems. At least six—and maybe as much as ten—miles of rock were eroded away.

  The Triassic rocks deposited in Pennsylvania resulted from the breakup of Pangaea, the supercontinent assembled in the Alleghenian Orogeny. The massive landmass lasted only about 60 million years before being wracked and split asunder by the parallel faults of an active spreading center. Huge, linear blocks of the continent subsided along these breaks, forming down-dropped fault valleys known as grabens. The graben subsiding along the most active fault system flooded with seawater, giving birth to what would become the Atlantic Ocean. The cleaving of North America from Africa and Europe created a series of failed rift valleys, grabens running parallel to the spreading center, but not destined to be widened as the Atlantic basin. One such rift was the Newark-Gettysburg Basin, actually a half-graben extending across the southeastern Pennsylvania Piedmont from northern New Jersey to central Maryland. The lower Connecticut Valley, Nova Scotia’s Annapolis Valley, the Culpeper Basin in Virginia, and the Deep River Basin in North Carolina are other Triassic lowlands that formed in the same way.
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