	Geological society of America

Northeastern Regional Conference

Pittsburgh, Pennsylvania

	Incessant Demolition and Reproduction  

	Charles Lyell and the Role of the Niagara Region in Continental Formation

	

	Kathleen Lohff

	March 22, 2011


Incessant Demolition and Reproduction:  Charles Lyell and the Role of the Niagara Region in Continental Formation


The unconformability of strata across the continents and gaps in the chronological chain of natural history made most of the geological past inaccessible.  For Charles Lyell, these “defects” in the record were evidence of “a regular and uninterrupted series of changes in the animate and inanimate world.”
 In a lecture series before an American audience in 1842, Lyell compared strata to the different pages in volumes of History upon which were written “the names and characters of the plants and animals which lived and flourished at this period, with other indications of climate [and] habits.”
    His intention during these lectures through-out the eastern United States was “not to give any idea of the contents of the whole but just to express something of the method employed in the attempt to decipher these ancient memorials of the Earth’s History.”
 Ardent in his quest to develop a scientific methodology for geology that stressed uniformity between past and present, Lyell included countless hours of field observation and research in his seminal three volume work Principles of Geology (1830). Lyell contended that geologists find truth by suggesting views that, although often imperfect, were capable of improvement.
  His travels through North America helped him to improve his own earlier theories by providing new supportive evidence.  On the continent, Lyell found evidence to support estimates of vast time in continental formation, subsidence and elevation, and the incessant demolition and reproduction of land.
 This additional evidence supporting his geological theory of uniformitarianism was included in revisions of Principles of Geology and his travel memoirs. This paper contends that during the mid-nineteenth century, Lyell was an essential contributor in writing the geological history of the eastern United States, in particular the Niagara region.  
The Lowell Lectures 

The Lowell Institution lecture series was funded in 1836 by an endowment from John Lowell Jr., whose father Francis Cabot Lowell established the first Lowell Mill in 1814 and was instrumental in bringing the industrial revolution to America.  Popular across Europe and larger metropolitan areas of the US, lecture series, such as the Friday evening discourses at the Royal Institution in London, promoted science among the population at large.
  In an era before the Discovery Channel, Bostonians considered the free lectures a vehicle to self-improvement which was more highly regarded in American society than “the passive entertainment of theatre.”
  Charles Lyell was invited to Boston to deliver the 1841lecture series, which he repeated in Philadelphia and New York City.  The eight lectures presented at the Broadway Tabernacle in New York City in late March and early April 1842 were recorded verbatim by assistant editor of the New York Tribune, H. J. Raymond.
  As such, they provide an excellent source to demonstrate Lyell’s contributions to American geological history.  This paper will explore the theories and evidence that Lyell presented to his New York audience as the means to demonstrate his importance.  In this paper, we will be focusing on lectures (3) Upheaval and Subsidence, (6) Fossil Footprints, (7) Recession of the Falls of Niagara, and (8) Boulders and Icebergs.

Lecture 3:  Upheaval and Subsidence. Lyell opened his lecture with a proposal that upheaval and subsidence of earth was the only theory that explained: level horizontal strata; fractured, bent, curved, and vertical strata; and alternating salt and fresh water strata.  In Principles, Lyell tied together subsidence and elevation as a demonstration of geological uniformity and immense time.  These were not only foremost themes of Lyell’s geological writings, but also of the Lowell Lecture series.
 


The formation of Niagara Falls provided evidence to support Lyell’s theory of the importance of subsidence and elevation in shaping the continent, particularly in regard to valley formation.  “Rivers do not begin to act,” Lyell wrote “as some seem to imagine, when a country is already elevated far above the level of the sea, but when it is rising and sinking by successive movements.”
  Although Lyell did not provide a lengthy explanation as to the origin of the falls in revised editions of Principles, he did present, based on his observations, how he imagined the order of the successive changes to Niagara Falls had occurred.

Lyell envisioned that subsidence and elevation had created the spectacular falls.
  It began with the denudation of older stratified rock that remained nearly horizontal and undisturbed since their formation beneath the sea.  The embedded corals and shells provided proof of a marine origin.  As these beds were slowly raised, and we can assume based on his theory as presented in Principles that subterranean forces were that catalyst for the movement, the upper most strata were exposed and cliffs were formed at successive heights by the action of waves and currents. Subsequently, the entire region was then submerged during a glacial period resulting in the polishing, smoothing, and furrowing of denuded surface rocks.  Gradually, the country was buried under stratified and unstratified sand, gravel, and erratic blocks. The re-emergence of the country in an upward movement “was not sudden or instantaneous, but gradual and intermittent.  The pauses by which it was interrupted are marked by ancient beach-lines, ridges, and terraces, found at different heights above the present lake.”
 It is during the appearance of table-land laid dry between Lakes Ontario and Erie that the Niagara River came into existence.  It was here at present day Queenston that the first fall originated as a cascade of moderate height that fell directly into the sea.  It was here that the retrograde course began as the upper limestone and subjacent shale, exposed by upheaval, began to erode.  The lower beds were protected from denudation because they were still submerged.  As the rise of land continued, new strata were exposed, forming the Clinton Group and the creation of the second fall.  Finally the third fall was the result of the rise of the Quartz-sandstone strata which rested on the “very destructible red shale.” (40) [need to insert fig4]


Lyell called the exposed formations at Niagara Falls a “chronometer measuring rudely, yet emphatically the vast magnitude of the interval of years which separate the present time from the epoch when the Niagara flowed at a higher level several mile further north across the platform.”
 This statement was in keeping with the theme of space and time that ran like a thread through Lyell’s Lowell lectures and through his Principles.  By the tenth edition of Principles, Lyell was convinced that subsidence and elevation were more responsible for valley formations than faults.
  Niagara was a significant piece of evidence to support this idea as Lyell attributed the permanence of these phenomena to the same internal operations of the earth from which “heat, electricity, magnetism, and chemical affinity give rise.”
 The common denominator was time and it was in the Great Lakes region that Lyell after his first visit announced that “to see in perfection the oldest monuments of the earth’s history” we must look to the new world.



Lecture 6:  Fossil Foot-Prints. Lyell opened with a quick overview of the formations as defined in 1840. The focal point of his fossil lecture was the Silurian.  He stated “that in no part of the world has it [Silurian] so magnificent a development as in New York…where we see the fossil character so well made out.”
   In fact, Lyell considered the Trilobite fossils of the United States the richest in the world.
 In his correspondences, Lyell indicated his surprise to find such similarity between England and the upper Silurian of New York.
 The fossils of the Clinton Group (Mid-Silurian) particularly corresponded with the Wenlock and Dudley limestone’s of England.
  
Lyell demonstrated the importance of using aquatic species and shells to identify strata by showing the audience illustrations of fossils found by James Hall and Professor Emmons of the New York Geological survey.
  Among these were Lingula, Graptolite, and Pentamerus. Historical analogy was an important feature of Lyell’s geological writings because he considered fossils the “medals employed by nature in recording the chronology of past events.”
 Here Lyell made his first inference from the fossil record.


His first inference concerned the condition of the planet at the time of the fossil’s existence.  Trilobites were an important clue to identifying conditions during the Silurian, which made the evidence found in the Great Lakes region of New York a key to unlocking the past.  Lyell based his argument on William Buckland’s studies of optical laws in Trilobites which establish the relationship between light and the eye.  By examining species of trilobites nearly analogous, Buckland observed that the exterior eye of both crustacean “ranges nearly round three-fourths of a circle, each commanding so much of the horizon, that where the distinct vision of one eye ceases, that of the other eye begins, so that in the horizontal direction the combined range of both eyes was panoramic.”
 The hemispheric eye with multiple facets that enabled them to see horizontally through the lens established that both had the same optical relation. According to Buckland, these fossils found in early strata of Transition formations
 demonstrated the same optical adaptations and modifications as living Serolis whose eyes adapted to similar functions.
 Buckland posited from this evidence that the sea, atmosphere, and light must have been the same during the Transition period as now because the structure of the Trilobite eyes required that their ocean habitat be transparent enough to allow light to the organ of vision.
 Therefore, Lyell concluded that in the Silurian “the oceans must then have been transparent as it is now; and must have given a passage to the rays of light, and so with the atmosphere; and this lead us on to conclude that the Sun existed then as now and to a great variety of inferences.”



It was among vertebrates that Lyell recognized a unified plan of organization.  To demonstrate this principle, he turned to the earliest vertebrate class found—fish.  Remains such as spines, dorsal fins, teeth, and jaw bones had been found through-out Europe particularly in the Old Red Sandstone.  Lyell applauded American geologist who had traced the presence of analogous species a step lower.  He did not identify the strata or geological period, but it can be assumed that he was referring to an earlier division in the Devonian.
 As of 1842 only bony tubercles had been found, but Louis Agassiz had determined that they were the remains of a cartilaginous fish similar to sturgeon thus making it “perfectly vertebrate.”
 Lyell concluded that in these fossils were found no evidence of higher or lower order, but an “outline of the very skeleton which now appears in reptiles and mammals, and in man himself…the first outline of that plan of organization already in existence, destined, after modification and different period to reappear in the inferior animals, and man.”
 Here Lyell found evidence that a plan of unity prevailed from the most ancient periods of geological history to the present.  The structural uniformity of the Niagara fossils so ancient in their formation with current species provided powerful proof for Lyell’s theory that the Niagara area was formed by gradual and intermittent upward movements and cycles of denudation.


Lyell considered the distinguishing feature of the progress of science in the first half of the nineteenth-century to be the application of the natural history of organic remains to geology.
 The presence of fossils was the “ancient memorials of nature written in a living language”
 put in place for man’s instruction.  It demonstrated that “creation” was in a continual flux with new species supplanting others so gradually that the changes could not be detected by scientific observation.
 These fossils found in the Niagara strata provided conclusive evidence that catastrophic revolution had not occurred because such violent causation would have rendered it impossible to find ancient fossiliferous rocks in their original position.


Lecture 7: Recession of the Falls of Niagara.  Having established with his audience the importance of subsidence and elevation in continental formation, and the value of fossils in identifying strata formations, Lyell was ready to present his hypotheses of Niagara Falls. His most important task was to reveal that the escarpment of the Falls was originally a sea cliff and not the result of fault activity.  His second objective was to describe how the Falls were receding, which would provide further evidence of subsidence, elevation, and uniformity.  


The rocks of Niagara being composed of the most ancient rocks yet discovered in the earth’s crust were of great antiquity.  Lyell had knowledge of only one stratum older for which there was any authentic information.  This, Lyell stated, compelled the geological antiquary to that region of the New World.  Using historical analogy to reinforce the antiquity of Niagara, Lyell declared that even the oldest limestone used by the ancient Egyptians to construct the great pyramids were formed as if yesterday compared to the rocks of New York.
  In keeping with his theme of time and space, Lyell compared “the stupendous interval of ages” required to form the Niagara region and its geological features with the orbits of planets “reckoned [by astronomers to be] hundreds of millions of miles” in diameter.
 As these diameters are but an infinitesimal fraction of the distance between the Sun and the closest star, so are the intervals of time that divide “the human epoch from the origin of the coralline limestone over which the Niagara is precipitated at the Fall.”



Establishing a timescale extending back to an era unfathomable to the human mind was a necessary pre-requisite to Lyell’s eventual goal of demonstrating that the Niagara escarpment was an ancient sea cliff.  He compared the gypseous marl, sandstone, and shale that existed in the strata to similar formations in Europe.  In Principles, he presented numerous European examples to substantiate that escarpment in which the slopes become gentler as the land emerged from the sea were considered sea cliff. 
 In his lecture, he only referenced the formations in Morea, Greece.  Like Niagara, in Morea were “four or five ranges of ancient sea-cliffs, one above the other, at various elevations.”
  Lyell theorized in Principles that sea cliffs were proofs of successive elevation. The strata dip towards the sea that extended uninterruptedly from the base of the escarpment into the table-land (platform) showed “that the lofty cliff was not produced by a fault or vertical shift of the beds, but by the removal of a considerable mass of rocks.”
  
The beds that Lyell observed in Europe were largely from the Pliocene period giving the formations only a few million years to develop, where as the Niagara were from the Silurian period providing Lyell with the enormity of time needed for his theory of elevation and subsidence to result in sea-cliff formations.  The comparison led Lyell to conclude that the Niagara cliffs were the result of upheaval, the action of water, sea spray, and subsidence.
 He dismissed the hypothesis that the cliffs had been formed by a fault because identical beds extended along both sides of the ravine.  Cliffs that resulted from fault activity would only be found on one side. After his second visit to Niagara in June 1842 (two months after the NY lecture), he reported that there were no reasons to suspect that the excavation of the gorge near Queenston was “assisted by an original rent in the rocks, because there is no fissure at present in the limestone at the Falls, where the moving waters alone have power to cut their way backwards.”
 
Having built an argument for the origin of the escarpment, Lyell next introduced the topic of recession of the Falls. It had long been believed that the Falls were receding.  Speculation was that the Falls had originated at Queenston.  On their travels through the area in the Fall of 1841, James Hall of the New York Geological Survey (Lyell’s’ guide) noted that several feet of recession had occur since his first survey a few years prior.  Lyell too recognized geological evidence to support this conclusion.  In fact, Lyell wrote an essay on the recession of the Falls that was presented to the Geological Society of London in 1842, and a modified version was included as an appendix to the fourth edition of the Niagara Field Guide (1844).
 The essay included evidence collected between 1675 and 1842 that provided quantitative data for approximating measurements of the recession of Niagara Falls.

If the river had extended northwards, then there must be alluvial deposits and fossil evidence left behind by the receding water.  Lyell had heard that such evidence had been found on Goat Island, which lies at the ninety degree bend in the river SW of Niagara Falls Village.  He suggested to Hall that they “trace any remnants of the same along the edges of the river-cliff below the Falls.”
 To Lyell’s great delight, they found the same fossils species on Goat Island as on the American and Canadian river banks.  The fossils included unio, cyclas, melania, valvata, limnea, planorbis, and helix.  Even more definitive were the presence of Mastodon teeth approximately 13 feet below the soil surface both inland and on Goat Island.
 Lyell observed that the gravel and sand beds which extended inland 300 yards, and were then bounded by a bank of ancient drift, occupied the precise location “where the ancient bed and alluvial plain of Niagara would naturally have filled, if the river once extended farther northward, at a level sufficiently high to cover the greater part of Goat Island.”
  He presented this as proof that the Niagara River once flowed in a more tranquil state at a higher level.  The solid rock acted as a barrier to the water that created a lake-like condition.  When the barrier was destroyed, the channel would become deeper resulting in the accumulation of fresh water deposits at the same former height.
 Lyell suggested to the audience that more precise information would be gained by tracing the lower deposits from the Falls to Lewiston and Queenston.
  He himself carried out this investigation two months later during his second visit to the region.  There in the stratified beds surrounding his summer house, he found identical species to those he and Hall had found on Goat Island.  Even more astonishing to Lyell was that the proportional number of individual species also corresponded.
 By his return to England, Lyell regarded these facts as conclusive evidence that the valley was once elevated for approximately four miles south of the Falls.  Lyell did echo an environmental concern as to the continued recession of the Falls and “disturbing causes.”  The progress of population and civilization would have a “serious influence” if water redirected to newly built canals continued to cheat the Niagara River of its most valuable resource.

In his assessment of the region, Lyell concluded that it was “extremely probable that during the period when the Falls were receding from the Whirlpool there may have been an upward, downward, or perhaps an oscillating movement of the whole country…The same motion may [have] affected this whole section of country.”
 It can be inferred that Lyell was advocating that the entire North American continent was formed in this manner.  The spectacularly preserved horizontal strata extending for hundreds of miles gave Lyell a look into the geological past to an extent few before him had ever witnessed.  North America did indeed provide him with evidence to support his most important theories of uniformity and time. 
Lecture 8:  Boulders and Icebergs. Lyell’s final lecture in the series concerned the most debated geological issue of the 1840’s—glacial theory. The presence of misplaced boulders scattered through the Alps and the bedrock underneath was a source of investigation and debate in the first half of the century as geologist sought explanations for anomalies in their appearance. Several theories prevailed by 1840, however there were inadequacies with each.  In 1840 a new possibility was presented that would in time overcome the deficiencies of prior explanations.
 Louis Agassiz’ theory of a recent ice age was perhaps the most talk about idea in European geological societies when Lyell left for America.  Although Lyell was initially persuaded by Buckland to accept the theory, by the 1842 lectures Lyell had recanted.

Lyell opened by briefly discussing changes in nomenclature, introducing the new term drift which replaced diluvium and the term erratics to define the large boulders haphazardly distributed of across Europe and North America.  In this lecture he proposed that glaciers form drift only in mountainous regions, and icebergs, the off-spring of glaciers, deposited drift in all other areas.
  Lyell offered his audience an overview of the characteristics of the boulders and clarification as to why they were so perplexing to geologists on both continents. These boulders differed in appearance from round and smooth to angular and contorted.  More puzzling was that they often rested on undisturbed horizontal strata.  


Before offering his own theory, Lyell established what he considered necessary features of a theory that could properly account for boulders.
  According to Lyell, numerous glacial theories over the past several decades contained theoretical flaws for which he expressed his critique. When introducing Louis Agassiz to the conversation Lyell was cautious with his criticism, but expressed approval for one feature of the glacial theory.  Agassiz proposed that glacial movement was not only caused by gravity, but also the alternate melting and freezing experienced by glaciers. For Lyell, “this certainly [was] a strong argument in favor of [Agassiz’s glacial theory], that it is chiefly during this congelation and melting that the chief motion is observed.”
 Lyell’s acceptance of this facet of the theory was most likely because the continuity of freezing and melting paralleled closely Lyell’s theory of subsidence and elevation.  Lyell remarked, “There have been periods when the glaciers made fewer advances than at others…This period of retrocession and advance is a striking meterological phenomena showing the cycles of climate.  When there is a great fall of snow during the winter, which melts in summer, there is an advance.”
 Both reshaped the landscape through demolition and repair.  

Lyell’s theory as to the distribution of the boulders was that they were the result of the action of ice, but glaciers were not the only transport.  Icebergs were the primary source of erratics outside of mountainous areas.  Debris resting on floating icebergs would fall to the bottom of the sea as the iceberg melted.  Further, if the iceberg deposited the boulder in still water the formation would be unstratified and if there were strong currents “then an asserting power would be exercised, and we should have regular strata.”
  When the sea beds are raised from the ocean floor, they are strewn with boulders long distances from their point of origin. Yet still unsatisfactorily explained, Lyell told his audience, were the boulders of the Jura.  While all agreed that the erratic originated high in the Bernese Overland of the Alps, controversy continued to loom over theories of transport.  Lyell criticized those who supposed that a grand rush of waters, caused by the elevation of the Alps, deposited the boulders because the theory did not explain why the boulders had not fallen into the valley.  He also criticized the glacier theory because it required glacier to move “along dead flat [surface], which is contrary to all the laws of glaciers, that they should walk across this level and lodge these blocks upon the Jura peaks.”


The hypothesis that Lyell suggested was the iceberg theory, which he deemed “infinitely more satisfactory than the one which attributes the phenomena to the extension of glaciers from the Alps to the Jura, or to the diluvial rush.”
  He provided his audience with a comparison of the Alps to the Andes as support for this idea.  Lyell proposed that at one time the ocean covered the deep valleys in the Alps just as there was currently a channel separating the island of Chiloe from the Andes.  Glacial activity in the mountains would carry blocks to the sea where they will be transported by icebergs across the channel.  When upheaval occurred, Chiloe would appear to be a mountain chain similar to the Jura with the same odd distribution of granite and syenite boulders perched on the mountains.
  According to Lyell, climatic factors played a critical role in the process, a redeeming feature of the glacier hypothesis which provided good evidence of cycles in climate.  Glaciers experienced retrocession in warm temperatures and advance in colder seasons.
  For Lyell, this went in line with his uniformitarian tenants of geology.

How then did he apply glaciations and iceberg activity to North America?  The state of New York provided Lyell with abundant evidence that he interpreted as the consequence of iceberg activity.   He gave his audience two examples: (1) boulders on Long Island and (2) geologically young strata in Utica.  Lyell believed, based on discussions with sea captains, that the blocks on Long Island, originating in Connecticut, Rhode Island, and the NY Highlands, were transported by coastal ice.  Icebergs, he argued, explained the presence of contorted top layers of strata and lower horizontal undisturbed strata of Utica.  As icebergs grated along the bottom of the ocean they churn the mud and sand with great violence, while leaving the soil beneath undisturbed.  This action produced the contortions visible in upper layers when the beds were elevated above sea level.  Two months later on a second journey to Niagara, Lyell was amazed to observe erratics only twenty-five miles outside of Cincinnati, OH.  This northern drift continued to increase as he approached Springfield, OH.  Lyell believed that these large boulders originated north of Lake Erie and had been deposited by icebergs.
 So to, had the erratic boulders of Massachusetts been strewn by floating ice.
 

Even in the summer of 1842, while the glacial theory was gaining world-wide acceptance, Lyell continued to advocate his iceberg theory.  Although some geologists considered that the features of the Great Lakes might be explained by the action of glaciers,
 Lyell held the position that elevating and denuding operations in conjunction with floating ice were the principle players in the formation of North America.
 By 1867, Agassiz had applied the glacial theory to the geological changes of Lake Superior, arguing that the land rose unevenly, and not by a repeatedly lowering of water level or the removal of barriers on the sides. Despite the general acceptance of the glacial theory, in his tenth edition of Principles (1867), Lyell maintained that the parallel lines of Lake Superior were ancient sea beds.  He did, however accept that the terraces and beaches were composed of reformed glacial drift.

American Evidence in Revisions

Charles Lyell maintained through all eleven editions of the Principles of Geology that the primary instruments of decay and reproduction were aqueous and igneous causes.  It was the balance between reduction (aqueous) and restoration (igneous) that sustained uniformity on the earth and made it habitable.
 The Great Lakes region provided a dramatic example of how these processes worked together to form the North American continent. In the first edition, Lyell used Niagara sparingly and relied on the secondary sources provided by Captain Hall’s travel memoirs and articles by Robert Bakwell appearing in a London magazine.  Lyell speculated as to the recession and rate of the Falls and indicated that perhaps the rate had varied.  His descriptions of strata formation lacked details particularly fossil information.  His biggest speculation was that if Lake Erie stay at its present state until the ravine receded to its shores, it would cause a sudden escape of water and drain the lake by filling the deepened ravine.
     

The sixth edition published during Lyell’s North American visit in 1842 included new information drawn from Benjamin Silliman’s Scientific Journals and personal accounts of Robert Bakewell’s visit to the area.  Additions included Bakewell’s calculations as to the rate of recession and a more detailed description of strata that included fossils.  However, Lyell remained some what speculative as to the geological formations.  Having traveled extensively through Italy where he identified numerous sea-cliffs, Lyell suggested that the table-land that suddenly terminated at Queenston might be ancient sea cliffs.

The seventh edition completed after his initial visit contained the most revisions and was considerably more definitive on the Niagara region.  In this edition, Lyell asserted several important conclusions as to the geological formations of the area.  First, Lyell concluded that the Niagara River did supply adequate cause for the excavation of the ravine if granted enough time.  His identification of the strata as belonging to the Silurian periods provided the required time.
 This was the first time that Lyell had positioned the region on the geological time scale. Second as to the recession of the Falls, like others Lyell observed that they did indeed recede as the geological evidence indicated and that the river had flowed at a higher level in a shallower valley.  However, he challenged Bakewell’s calculation of fifty yards in fifty years.  Lyell proposed that an average of one foot per year was more probable.  In general, the varied hardness of the strata indicated to Lyell that rates varied with strata formations.
 To provided further evidence to support the recession of the Falls, Lyell included accounts from a seventeenth-century French missionary and an eighteenth-century Danish Naturalist, both of whom had explored the region.
  Perhaps a more important revision was identifying the escarpment as ancient sea-cliffs.  In the sixth edition Lyell was tentative in this assertion as indicated by the term “like inland sea-cliffs.”  That caution was replaced by confidence in the seventh.  Here and in Travels published in 1845, Lyell affirmed that the escarpment was indeed ancient sea-cliffs and therefore evidence of incessant demolition and repair.  His final revision overturned a speculation from the first edition in which Lyell pondered if Lake Erie could be converted into dry land by the recession of the Falls.  After observing the region himself, Lyell concluded that it would not be drained because the Falls diminish in height gradually before traveling back two miles.  The consequence of this gentle dip in the strata was that the “massive limestone now at the top would then be at their base and would retard, and perhaps put an effectual stop, to the excavating process.”

In subsequent editions, changes were fewer.  The ninth added the birds-eye view sketch of Niagara that Lyell included as the front-piece in his Travels.  To the tenth edition was added a more detailed account of the relationship between fossils and recent species.  Lyell included information gathered from Goat Island in this discussion.  The eleventh and final edition contained no changes from the tenth.
Conclusion

In the early nineteenth-century many individuals helped to unlock geological secrets of North America.  Using the principles of geology that he established in 1830, Charles Lyell was a crucial part of that process.  His efforts to describe the origin and formation of Niagara Falls dismantled the theory of fault formation and demonstrated the key role that subsidence and elevation played in forming the continent.  His studies of the fossils helped to place the region in the Silurian period and confirm the magnitude of time required for the processes of demolition and reproduction to maintain geological uniformity.  In turn, the observations that Lyell made during his travels provided decisive evidence to support his uniformitarian scientific methods.
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