THE ORIGIN OF POTSDAM SANDSTONE—

Background for a Tour of Potsdam, N.Y., and Vicinity

By James D. Carl
Introduction
The settlement of Potsdam, New York, began in classic New England style. A group of proprietors purchased, sight unseen, a vast acreage of North Country wilderness. They sent an agent in 1803 to survey lots, lay out roads, construct a sawmill and prepare for land sales and settlement. Early on, Fall Island on the Raquette River was divided into halves—a north side that would host numerous businesses and small industries and a south side left undisturbed until a church was built in 1835. This tree-covered island lies in the heart of the downtown historic district with a view of the Adirondack highlands. It is perhaps the most scenic and most photographed site in the village (Fig. 1). New York State acknowledged as much when a photograph of Trinity Episcopal Church appeared on the cover of the 1995 state highway map.
 

The church is one of many buildings constructed of a red sandstone that crops out along the banks of the Raquette River, chiefly south of town where most of the quarries were located. Sandstone buildings are scattered across the St. Lawrence Valley, but Potsdam Village offers a unique concentration that includes residences, offices and stores, churches, civic buildings, a railroad depot, technical college, normal school, water plant, power plant and a cemetery gatehouse. These structures give the village a formal dress and timeless quality—a reminder of the dignity of work and the skills of 19th century workmen whose first language was not necessarily English. Quarrymen, stone cutters, architects and masons took pride in their utilitarian and ornamental buildings. They believed, somewhat naively, that the heavy structures would stand for centuries as monuments to their vocational talents, but the 20th century proved unsympathetic and witnessed the loss of much irreplaceable work. You are invited to revel in the buildings that remain and to ponder the origin and source of the Potsdam Sandstone.
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Figure 1. Trinity Church in the 21st century. Built in 1835 in plain Federal-Gothic style, the church acquired a chancel in the rear in 1858. Based on designs by Ogdensburg architect, James P. Johnston, an English Gothic chapel (far right side) was added in 1884 and a Victorian tower and front façade in 1886. The stone fence was constructed in 1871. All are made of red Potsdam sandstone from local quarries. 
Bedrock geology of the St. Lawrence Valley
Potsdam Sandstone is the oldest sedimentary rock in the region, the bottom-most layers that cover the crystalline rocks of New York State and southern Ontario.
 It was named in 1838 by Ebenezer Emmons for exposures along the Raquette River south of Potsdam.
 Emmons, a Massachusetts college professor, was hired by the newly-organized Geological Survey of New York to examine the natural resources of the state’s northern district. The sandstone ranges in thickness from tens of feet in the St. Lawrence Valley to hundreds of feet in the Lake Champlain Valley. It was deposited when a Cambrian sea crept onto the continent and flooded a land surface of low hills and ridges on ancient crystalline rocks. Profound erosion throughout later geological periods has returned the land nearly to the level of that erosion surface, whose presence is indicated by an unconformity
 at the base of the stratigraphic column (Figs. 2, 3). 

Potsdam Village is located at the boundary between Adirondack crystalline rocks to the south and the sedimentary strata that underlie most of the St. Lawrence Valley (Fig. 4). Sandstone and limestone of progressively younger age crop out in east-west belts across the valley (Fig. 5), and the Raquette River crosses each belt in its northward journey. The river first encounters the Potsdam Sandstone near Hannawa Falls, but returns to the crystalline bedrock at Fall Island in Potsdam.
 Little is seen of the overlying Theresa Formation north of Potsdam, but from Norfolk to Massena and beyond, the river is entrenched within limestone and dolomite of the Beekmantown Group. One can see the influence of bedrock in the distribution of stone buildings—red sandstone structures at Potsdam give way northwardly to buildings of dark carbonate rock, especially the “Ogdensburg dolomite” in the Beekmantown Group that crops out near the St. Lawrence River.  Examples of buildings made of dark dolomite stone
 include the Custom House at Ogdensburg (1809-10) and St. Paul’s Episcopal Church at Waddington (1818), the oldest stone church in the North Country. One sees little bedrock in the fields and woods away from the river. It is buried under sheets and low hills of rock debris left during the glacial epoch that ended more than 12,000 years ago.
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Figure 2. Stratigraphic column for the St. Lawrence Valley. The Potsdam Sandstone overlies an ancient erosion surface, now seen as an unconformity between Cambrian and Precambrian rocks at the base of the column. The sandstone is of Late Cambrian age (ca. 520 million years old), whereas the age of underlying crystalline rocks varies from nearly 1000 million to more than 1300 million years (1 to 1.3 billion years). 

Limestone of the Theresa Formation and Beekmantown Group overlies the sandstone. These Lower Ordovician rocks are exposed north and west of Potsdam Village and along the St. Lawrence River. Much bedrock is covered by glacial-depositional sediments, as is shown at the top of the column. On Clarkson Hill (today’s Clarkson University campus) and elsewhere in the Potsdam area, the glacial sediments directly overlie the crystalline rocks and sandstone. Reproduced from B. VanDiver, 1976.
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Figure 3.  An unconformity at the base of the Potsdam Sandstone occurs at the dark band—the shadow cast by protruding sandstone slabs above the 1968 Volkswagen bus. Below the shadow is the outline of a low hill of ancient crystalline rocks. The hill was submerged by the Cambrian sea, and Potsdam Sandstone was deposited over it. Route 12 near Alexandria Bay in the Thousand Islands. Photo in 1972. 
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Figure 4.  Geologic map of the Potsdam area. The village is located at the boundary between ancient crystalline rocks to the south (darker shading) and younger sedimentary strata of the Potsdam and Theresa formations to the north. In the upper right is the belt of Potsdam Sandstone. Most quarries were established along the Raquette River near Hannawa Falls in a sandstone outlier (see arrow) surrounded by crystalline rock. Reproduced from Y. Isachsen and D. Fisher, 1970.
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Figure 5.  Block diagram of north-dipping Paleozoic strata in the St. Lawrence River Valley. Beginning at Blue Mountain Lake, the Raquette River flows over crystalline rocks in its northward journey into the St. Lawrence Valley. Here it crosses successively younger layers of Paleozoic strata before joining the St. Lawrence River near Massena. Note the “outlier” of Potsdam Sandstone near Hannawa Falls where the Clarkson and Parmeter quarries were located.


The transition from one belt of strata to another is not accompanied by a change in topography. There are no east-west escarpments in the St. Lawrence Valley to mark the change in strata, in spite of the fact that Potsdam Sandstone is much harder than limestones in the overlying Theresa Formation and Beekmantown Group. Erosion has been prolonged, even-handed and thorough, and most topographic expression in the valley is glacial-depositional in origin.
 The exception, of course, is the rugged terrain to the south; one must drive uphill to view the crystalline rocks in the mountainous core of the Adirondack Dome.


Remnants of Potsdam sandstone are exposed from Gouverneur Village northward to the Thousand Islands. Sandstone makes up the cap rock of low buttes, as well as the bedrock floor underlying the soils of certain fields and pastureland. Glacial striations and chattermarks are common (Figs. 6, 7). Farmers with acres of shallow-soil, bedrock-floored fields had to build snake-like fences that did not require the digging of post holes (Fig. 8). 
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Figure 6. A bedrock surface of jointed, gray Potsdam Sandstone that displays glacial striations near Brasie Corners, N.Y. The geologist is John Cecil of Jefferson Community College at Watertown. Photographed in September, 1970.
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Figure 7.  A band of crescent-shaped fractures called “chatter marks” on gray Potsdam sandstone. A rock fragment the size of a cobble was tightly held at the bottom of a glacier. It evidently moved and chipped the bedrock during glacial flow. Most likely, the glacier moved from right to left in forward jerks rather than by smooth and steady flow.
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Figure 8.  A zig-zag or snake fence laid across a field floored by sandstone or limestone bedrock. The presence of hard rock beneath the shallow soil did not encourage the digging of fence posts. Boulders removed from the field were placed beneath such fences, forming mounds of rock when the split cedar rails had rotted away.

Potsdam Sandstone

The Potsdam Sandstone is composed of tiny quartz (SiO2) grains that are held together by quartz cement. The result is a very hard, compact and weather-resistant rock. Smash a piece and the fracture will cut across both the cement and individual sand grains. Such well-cemented, pure quartz sandstones are called orthoquartzites by geologists, even though the rock is of sedimentary origin.
 Hammer-welding amateurs find the sandstone hard to trim because the slabs often break in unpredictable directions. Smooth-sided slabs, however, can be extracted from an outcrop with hammers, crowbars or a front end loader if the breakage occurs along bedding planes and cross joints. The thin slabs used for patio floors and sidewalks are taken from surface exposures (Fig. 9), whereas the thicker blocks used for building stone generally occur at depth in the quarries. 


The qualities of Potsdam sandstone were highly praised in the 1850s, especially the red to pink stone available at Hannawa Falls. It was durable and not as susceptible to spalling in fire as was the case with certain New England granites. The sandstone was widely used, early on, as a lining for charcoal-fueled iron furnaces in New York State and Ontario. Various appraisers had called attention to the sharpness of outline in natural exposures that had lasted “several centuries” (no appreciation of geologic time here). The stone was said to occur in even-bedded strata and to cleave into slabs with flat faces and straight edges. There was nothing in the rock to “nourish parasitical mosses.” Walls made from this siliceous material, it was claimed, did not become moldy and smell of decay as did limestone walls in damp basements. The sandstone kept its color, and the claim was made that exposure to air actually hardened it. The claim is questionable, given the impermeability of the rock to moisture. Perhaps the hardness of the silica cement was noticed once the broken and loosened quartz grains were brushed away.


The Potsdam Sandstone varies throughout the North Country from gray to tan, rusty yellow and pink to red. The color originates from tiny amounts of iron oxide stain in the cement—either yellow-brown goethite FeO(OH), (pronounced ger-tite) or reddish hematite, Fe2O3. Upwardly in the stratigraphic sequence, the cement varies from quartz to “lime,” a powdery form of the mineral calcite. CaCO3. The soft carbonate mineral dissolves in mildly acid rainwater. Lime-cemented sandstone, thus, is not the best building stone; it may be thin bedded and readily decomposed by weathering. The strata grade upwardly from quartz sandstone to sandy limestone and strictly limestone and/or dolomite. Somewhere, abruptly in that vertical transition, geologists have defined a second rock unit called the Theresa Formation (Fig. 2).


The Potsdam and Theresa formations were deposited when marine waters began to encroach (transgress) upon the continent. The sea moved slowly from southeast to northwest, flooding the low hills of crystalline bedrock in northern New York and southern Ontario. Rivers located on the western continental shoreline flowed into the shallow sea and deposited sprawling deltas of sand. Long shore currents moved the sand up and down the shore, creating beaches that glistened like silvery ribbons.


Offshore to the east, the warm sea water was clouded with chalk-like precipitates of lime that settled to the bottom. As the sea moved inland (northwest), the Potsdam beach sands were submerged under deeper water to become buried by the lime-bearing Theresa Formation. Consolidated rocks made from these sediments become younger from bottom to top and slightly older from southeast to northwest. For example, the basal sandstone at Westport Village on Lake Champlain is older than basal sandstone here at Potsdam where it was first named and quarried. This transgression of the sea occurred during the transition from late Cambrian into the early Ordovician Period, about 500 million years ago. Sedimentation continued through later geological periods until thousands of feet of rocks were deposited. Sedimentary strata once covered northern New York State but were eroded from the Adirondack Dome and preserved chiefly in the southern and western parts of the state. 
Rock structures and fossils
The Potsdam Sandstone consists of sand-rich, river-transported sediment that interfingers with the sandy sediments of a marine shoreline.
 Note the lack of shales (mudstone) in the stratigraphic column (Fig. 2). There are places in the basal part of the sandstone, however, where sand gives way to pockets of coarse conglomerate—to boulders and cobbles of gneisses, quartzites and other crystalline rocks. Called talus, the debris accumulated at the base of low hills and ridges that once protruded as islands in the shallow Cambrian sea.
 


The sandstone displays cross-bedding where the layers are inclined to the horizontal. Cross beds indicate the presence of currents, such as the flow of a river across a delta or the ebb and flow of strong tidal currents.
 Mounds of sand in shallow water were moved forward, inch by inch, as the sand grains trickled down the frontal incline. Most cross beds are small-scale features (Fig. 9), but some are comparable in size with the cross bedding observed in large desert sand dunes (Fig. 10). G. H. Chadwick, a well-known geologist, proposed (incorrectly) in 1920 that the Potsdam Sandstone was aeolian (wind blown) in origin, sort of a preserved desert landscape. One can measure the compass direction of the inclined layers and infer the general direction of current movement, whether caused by water or wind. In the Thousand Islands area, most of the sandstone cross-bedding was oriented toward the southwest, suggesting that currents in the Cambrian seas had funneled the sand between bedrock hills and ridges that were oriented northeast-southwest.
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Figure 9.  Small-scale cross bedding, inclined to the left, in tan to rusty Potsdam Sandstone. The layer (enclosed by brackets) lies above a foot-long rock hammer. Elsewhere, the bedding planes are horizontal. Note the broken, rectangular edges of sandstone slabs (center of photo) outlined by bedding planes and vertical joints. Indian River Road west of Oxbow, N.Y.
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Figure 10.  Very large cross beds on the face of a quarry in Potsdam Sandstone. The size of the cross beds is similar to that of desert sand dunes. The outcrop formed a bluff on the Raquette River below the power house at Hannawa Falls when photographed by J. Reed, 1934, p. 84.


Mudcracks and ripple marks also occur in Potsdam Sandstone. Ripple marks with vertical crests were formed by the gentle, back-and-forth oscillation of water, whereas the inclined crests were produced by waves and tidal currents. The preservation of mudcracks in the rock points to the former presence of tidal flats where shallow water alternated with mudflats.

Beds of quartz sand are ill suited for the preservation of organisms, and fossils are scarce in the Potsdam Sandstone. A few silicified brachiopods and a graptolite locality have been reported, and Late Cambrian trilobites were found outside St. Lawrence and Jefferson counties.
 Trace fossils, however, are locally abundant. They are sedimentary structures left by organisms, and not the remains of the organism itself; they consist of trails, tracks, burrows or tunnels left at the time of sediment deposition. Trace fossils in the Potsdam Sandstone consist chiefly of vertical burrows that were dug by elongate animals attempting to hide from an enemy (Fig. 11). Such animals are called suspension feeders because they consumed detritus and microorganisms suspended in the sea water. Modern suspension feeders and their burrows are abundant in nearshore, intertidal environments.  
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Figure 11.  Sketch of vertical burrows, a few inches deep, on the face of an outcrop of Potsdam Sandstone. The holes were dug in soft-bottom sediments by suspension feeders. Each hole was filled with crescent-shaped layers of sand and silt before consolidation into solid rock. Note the scale of 5 centimeters (about 2 inches). Reproduced from W. Kirchgasser, 1971, p. B-9. 

Sandstone quarries and the Federalist-Gothic style of Trinity Church in 1835

Little is known about the development and operation of the Clarkson family quarries. Nathaniel and Solomon Parmeter, however, had established a quarry south of the village after their arrival in 1809, nine years before the first member of the Clarkson family (John Charlton Clarkson) came to Potsdam. At least five quarries were established by 1813,
 probably in shallow pits or along the rock-walled bluffs of the Raquette River. Early sandstone buildings include the two Parmeter houses on the West Hannawa Road and the first commercial sandstone building at 30 Market Street—the 1821 Raymond-Knowles building that housed the Little Italy Pizzeria in 2006.
 Thin flagstone slabs in the walls probably were extracted from surface outcrops or a shallow quarry.


By 1835 the building committee had chosen a design for Trinity Church. Placed in a remote and natural setting on Fall Island, the church was a replica of Trinity Church on Manhattan Island at the junction of Broadway and Wall Street. The New York City church attended by the Clarkson family was the second building on the site. It was built between 1788 and 1790 in Gothic-Federalist style. Gothic-Federalist churches were tall and slender rectangular structures with a symmetrical front façade defined by a pediment and a central tower that generally achieved height in stages, ending in a soaring, slender spire. Gothic elements included the lancet or ogival windows (curved and pointed at the top) and the small decorative turrets at the corners of the tower. The style was used in St. Lawrence County churches throughout the early 19th century. Examples include two churches in Ogdensburg—the First Church of St. John the Evangelist built in 1821-22 and the Baptist Church constructed in 1833. Other examples include the 1833 Christ Church in Morristown and the 1876 First Universalist Church in Potsdam, now serving without a steeple as the Potsdam Museum.
 In the 1820s the Clarkson family opened a quarry on the west side of the Raquette River near the present Sugar Island dam.
 This may be the quarry that Thomas Streatfeild Clarkson (1799-1873) had in mind when he offered stone, free of charge, for the “neat gothic edifice of stone 44 by 64 feet.” The site chosen for church construction was the south side of Fall Island next to a dirt road called the Parishville Turnpike (Fig. 12). 
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Figure 12.  Trinity Church in 1836, a Gothic-Federalist style building with a central tower. It lacked the slender conical spire of its namesake in New York City. The Raquette River flows north toward the reader on both sides of Fall Island. The Parishville Turnpike lies in the foreground. Reproduced from A. Clarkson, 1896, p. 46.


Trinity Church was completed and consecrated on the warm afternoon of August 7, 1836, by Benjamin T. Onderdonk, the fourth Bishop of the Diocese of New York. The sidewalls of the original structure illustrate the smooth-walled “slab and binder” style of masonry that dominated Potsdam’s stone buildings in the first half of the 19th century. This style first appeared in the 1820s in residences and commercial buildings. Flat-faced, rectangular sandstone blocks have four sides that are finely laminated, i.e. composed of thinly layered, often red-streaked sand. The top and bottom of the block are not laminated. Take a look at the old church wall next to the chapel entrance. One row of blocks (binders) is laid horizontally to expose a laminated side of the blocks. Blocks in the next row (slabs) are laid vertically to expose a non-laminated face (Fig. 13). The alternation of rows gave style and texture to a smooth wall and was said to provide added strength. The style also was used in the front wall of the original church with its pair of narrow lancet windows and a semicircular porch (Fig. 14). 
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Figure 13. Cross section of a rubble-filled wall made of Potsdam Sandstone. The outer wall on the left displays slab and binder masonry. Sandstone lamination is aligned vertically on the slab and horizontally on the binder. Drawing by J. Omohundro; reproduced from S. Omohundro, 1999, p. 7.
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Figure 14.  The small, centered portico on the 1835 church is shown populated with teachers and students of the Sunday School in 1862 during the Civil War. Rev. James LaTourette was rector. Note the small size of sandstone blocks that are arranged in slab and binder masonry style. The early roof may have been cedar shingles. This drawing probably was sketched from a photograph. Reproduced from A. Clarkson, 1896, p. 126. 

Changes in style of local sandstone buildings—1868 to 1934
Early quarrying of red sandstone had left the Potsdam area populated with small buildings and homes, most of which were constructed in the same slab-and-binder style used in the 1835 Trinity Church. That era had faded by the 1850s, but sandstone quarrying was revived in the aftermath of the Civil War. It was aided by new orders for construction projects, the growth of a network of railroads throughout the North Country and the use of steam-powered quarrying machinery. 


The quarrying of Potsdam Sandstone became consolidated into large-scale commercial businesses with two major companies operating on the banks of the Raquette River. The Red Sandstone Company owned the old Parmeter quarry and other sites just north of Hannawa Falls. The company was a consortium of local businessmen that included General Edwin Merritt, the politician-philanthropist of Civil War fame whose home still stands on the corner of Leroy and Garden streets. The Clarkson family owned the quarries closer to Potsdam—an early one had opened in the 1820s on the west side of the river near the present Sugar Island dam, and another on the east side in 1877.


Susan Omohundro has labeled the period from 1868 to 1934 as the Industrial Era of Potsdam Sandstone quarrying.
 She recognized fifteen major public buildings that were constructed of red sandstone at this time. They include the Presbyterian Church, Potsdam (1868); the former Herring-Cole library (1869, addition in 1902) on the campus of St. Lawrence University, Canton; Potsdam’s water plant on Raymond Street (1871, addition in 1906); Zion Episcopal Church, Colton (1883); Trinity Church—the chapel in 1884 and the north façade of the nave in 1886; the downtown Cox Building (1888, housing Maxfield’s Restaurant in 2006); Clarkson University’s Old Main (1896); Bayside Cemetery Lodge and Gatehouse (ca. 1900); Hannawa Falls Power Plant (ca. 1900); St. Mary’s Catholic Church (1900); the Clarkson Office Building (1901, across Maple Street from Trinity Church); the Penn Central train depot (1914, housing Mama Lucia’s Restaurant in 2006); Snell Hall (1917) on Park Street opposite the Civic Center; and the assemblage of sandstone buildings of the Potsdam Museum and Civic Center (1934). 


By the mid nineteenth century, rough ashlar masonry was favored by local architects. It consisted of large rectangular-hewn blocks, some laid in long horizontal rows and some not. The sandstone is very hard, thanks to quartz grains cemented by quartz, and the hardness often is uniform in all directions. Workers using a hammer and a broad chisel could trim the face of a block and leave curved or conchoidal fractures—grooves shaped like the bowl of a spoon.
 The result was a coarse surface texture that looked better from a distance than up close (Fig. 15).
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Figure 15. A block of ashlar-cut Potsdam sandstone showing conchoidal fractures (curved grooves). The grooves were produced by striking with a broad chisel. By the 1850s, ashlar masonry had replaced the slab-and-binder technique previously used for this hard and brittle sandstone. From the west wall of Trinity’s 1955 parish hall. Pocket knife for scale.


The editors of a noted science and mechanics magazine sent reporters north to Potsdam to examine the sandstone quarries. The January 7 and 21, 1893, issues of The Weekly Journal of Scientific American featured lithographs, probably made from photographs, of quarries along the Raquette River. Several quarries were large and deep by this time, including the No. 1 Quarry of the Potsdam Red Sandstone Company. The quarry site is located on private property about one mile north of Hannawa Falls on the West Hannawa Road (Figs. 16, 17). It was owned by a consortium of local businessmen including General Edwin Merritt, the politician-philanthropist of Civil War fame.
 Note the tall derricks with inclined booms. Each boom could swing in a half-circle arc over the quarry floor and lift large blocks from the pit (Figs. 18, 19). Undoubtedly, a temporary derrick and boom had been erected on Fall Island during the construction of Trinity Church.
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Figure 16.  An arrow points to the site of the Number 1 Quarry of the Potsdam Red Sandstone Company, now a deep water-filled pit on private property (see Fig. 17). Other quarries lay next to the Raquette River, including one at the Hannawa Falls dam and power plant. Note the location of the Parmeter family cemetery next to the West Hannawa Road (top of map). The Parmeters were among the first to quarry the sandstone. Reproduced from the Potsdam and Colton 1:24,000 scale topographic maps.
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Figure 17.  SUNY Potsdam students examine the No. 1 quarry, now filled with water to a depth of about 80 feet. The water level fluctuates with the level of the adjacent Raquette River (not shown here).
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Figure 18.  View southward in 1892-3 over the Number 1 Quarry (now flooded) of the Potsdam Red Sandstone Company. The Raquette River flows from upper right to lower left and turns the water wheel located at the walking bridge. Note the derricks, booms and numerous outbuildings for stone cutting and machine repair. The gentleman and lady (lower left) are gazing over a capitalistic enterprise of considerable proportions. Reproduced from Scientific American magazine, 1893.
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Figure 19.  View north from inside the quarry toward the elevated ground occupied by the couple in Fig. 18. Steam power drills are in use, but workers in the lower right corner are using hand tools to loosen slabs along bedding planes. Note the stairsteps of cut rock. Loose glacial sediments occur in the bluff (far left), and one worries about the stability of General Merritt’s cottage on top. Reproduced from Scientific American magazine, 1893.

Figure 20. The undershot water wheel at the walking bridge across the Raquette River in Fig. 18. The heavy weight mounted in the center of the photograph was lowered, and the wheel was lifted above the surface. Logs could pass under the wheel without damage. Reproduced from Scientific American magazine, 1893.

Scientific American magazine also reported on a new invention by the sandstone company—a unique paddle wheel suitable for rivers that were extensively used by lumber companies. The wheel was constructed to rise above the water, when necessary, to permit the passage of logs below (Fig. 20). Lumber companies were operating in the headwaters of the Raquette River, and thousands of logs at Tupper Lake were directed north to Potsdam. It was claimed that the logs did no damage to the wheel. No unusual skills were required for construction of the unique wheel, and “regular employees” of the Potsdam Red Sandstone Company had built this one for $2500. “Irregular employees,” of the company, I presume, just watched. Floating logs were stored and recovered in the quiet backwater behind Trinity Church before being delivered to the sawmills.
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� Trinity Church was placed on the National Register of Historic Places in 2002, thanks to the efforts of Susan Omohundro of Hannawa Falls.


� The formation is called the Napean sandstone in Canada. 


� E. Emmons, 1838.


� Unconformity—a substantial break or gap in the geologic record, an interruption in the continuity of a sequence of rocks. In northern New York, the age difference between underlying crystalline rocks and the cover of Potsdam Sandstone varies between 500 and 800 million years. 


� Beneath the soil and rock rubble of Fall Island is bedrock of amphibolite, a dark and dense crystalline rock composed of the minerals hornblende and plagioclase feldspar.


� Dolomite is a term used for a rock or a mineral that is composed of calcium-magnesium carbonate, CaMg(CO3)2. Limestone is composed of calcite (CaCO3); it “fizzles” more  than dolomite when acid is added.


� The St. Lawrence Valley displays an unusual topography of ribbed moraine and poorly developed drumlins left by advancing ice. See J. Carl, 1978. 


� The word quartzite generally refers to a metamorphic rock. 


� T. Bjerstedt and J. M. Erickson, 1989, p. 205. 


� Boulders of quartzite and gneiss are preserved at the base of Allens Falls on the West Branch of the St. Regis River near Parishville. The coarse conglomerate grades upwardly into sandstone. Allens Falls has long been a picnic site for Potsdam college students.


� Tidal currents were proposed for Potsdam Sandstone by T. Bjerstedt and J. M. Erickson, 1989, p. 208.


� T. Lewis, 1963.


� W. Kirchgasser, 1971.


� Horatio Spafford, 1813, in an article in the Gazette of the State of New York. See S. Omohundro, 2005, p. 3.


� See S. Omohundro, 2005, for photographs and historical background of these and other sandstone buildings.


� See M. Petersen, 1992, for photographs and history of church buildings in the region.


� S. Omohundro, 2005, p. 3.


� Construction of the Sugar Island hydroelectric dam in 1922 flooded the main quarry of the Clarkson Company and the original pit of the Parmeter quarry. See S. Omohundro, 2005, p. 4.


� S. Omohundro, 2005, p. 3.


� Coarse chunks of broken glass, quartz crystals (SiO2), and natural volcanic glass (obsidian) also show conchoidal fracture. 


� S. Omohundro, 2005, p. 3.
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