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Was there a revolution in nineteenth century geology?

Introduction

In the late eighteenth and early nineteenth century, the only understanding of earth history was that of the biblical creation. However, fossil evidence arose to suggest a far older earth than imagined. I will explore the failings and collapse of the biblical geological model, and the emergence of Huttonianism and the new paradigm therein, and conclude as to its status as a revolution, or not.

Biblical Influence

The prevailing view of natural sciences pre-nineteenth century was the Biblical doctrines; geologically, the Six-Day Creation and the Deluge. Ussher calculated that the Earth was created in 4004BC
, and this date persisted until the mid- 1850s. Consider also that ‘much of science in [the seventeenth century] went to support [Biblical data]’ 
 -- geology was grounded in religious doctrine.

However, new geological observations began to contradict the religious foundation. Buffon was the first to extend the 4004BC date. Using estimations from cooling of the Earth’s mass, he estimated an age of 75, 000 years. More important than Buffon’s dating was his conviction that nature (here, through geology) could be understood outside of constraining religious influence.

Catastrophic and Natural Forces


We see the decline in religiosity in the changes in terminology. Diluvial terms, such as ‘monuments’, ‘revolutions’, and ‘accidents’ all vanished from geological vocabulary in the early nineteenth century
. Rocks and fossils were ‘monuments’- ‘medals’ of the Flood- but the term fell out of use as those ‘medals’ were reinterpreted.


The Deluge was a central consideration for geology. Lyell challenged it, arguing that catastrophism (that catastrophes affected Earths development) was ‘not necessary and that Earth’s features could be explained by forces still working’
. 

Rather than a single divine creation followed by catastrophe, Lyell proposed that regular, uniform forces operated on the earth over its long history. He was successful, for ‘by the mid-nineteenth century, this uniformitarianism had become the dominant geological doctrine in England.’
 

Uniform Forces


Natural forces were no longer secondary to divine influence. As Farber says, ‘Nature remains Faithful to its principles when it acts on a large scale, it is for us to grasp those principles and not to think nature has departed from them at the first little observation that seems to us unusual if we do not examine it properly.’ 


We can explain the Earth’s features by combining natural forces with a greater time scale in which to operate. The geology of then and now agreed that natural forces could not shape the earth as it exists in a mere seven thousand years. Where Lyell’s contemporaries explained this with God, Lyell (and those after him) explained it with uniform forces. 

Simply, combining the increasingly-evident great age of the Earth with uniform forces explaining geological features without need for divine creation.
Fossils and Proof of Age

However, proof was still needed for this scenario; particularly for the greater age of the Earth. Lyell maintained that ‘everything seen on Earth is a result of ordinary forces and agents, all of which act in a uniform manner’
. 
As example, Playfair identified the formation as valleys as due to the streams now flowing through them. He argued that by ‘integrating the small effects observable on the human time-scale, even very large effects could be produced on the geological time-scale’
. This conceptualised the other inconceivably long history uniformitarianism created.
The proof for great age came with fossils. Bluenbach remarked: ‘Fossils are the surest documents in the archives of nature’
. In 1796, Cuvier published a paper on extinct elephants (mammoths) and concluded that ‘fossil bones seem to prove the existence of a world anterior to ours’
. 

Cuvier noted the cold-weather adaptations of the mammoth, but could not explain its demise. His question was not ‘why’ (religious) but ‘how’ (scientific). Gradual change in environment could have been countered by adaptation, so only a ‘sudden and drastic event’ 
 could explain its extinction. 

The further ‘discovery of an alternation of marine and freshwater formations seemed to be striking evidence for the view that Earth-history had been punctuated by sudden changes in physical geography’ 
- catastrophism. 

Fossils and Revolutions

This ‘revolution’ solution— of gradual changes punctuated by periodic catastrophes— provided neat resolution of fossils, increased age for the earth and the evidential catastrophes (e.g. Buffon’s ‘gradual refrigeration of the globe’ 
 or the Deluge). However, despite the logic of this, there was still ambiguity of the word ‘revolution’ as it was then used. Cuvier’s Discours sur les révolutions du Globe (1812) varies in its understanding of the scale and rate of change. 

There was a general understanding of a ‘concept of accumulated change, ultimately bringing about a new state of affairs’
  but specifics were few. Suddenness was agreed non-essential, and it was accepted that there could be a ‘series of minor changes’ 
 followed by a dramatic change. However, geology’s uncertainty, the collapse of natural theology as a foundation, and the lack of an accepted unifying theory, meant any definitions could not be made.

Geology lacked a theory of the development and formation of the Earth. Without the divine Six-Day Creation doctrine, other formative systems were sought. Playfair remarks that the world ‘was tired out with unsuccessful attempts to form geological theories.’ It was only Lyell’s recognition in the 1830s of the importance of Huttonian uniformitarianism that any cogent theory began to arise
.

The Huttonian Theory

Geology’s new theory came with Hutton and his ‘uniformitarian’ doctrine. Hutton attributes the ‘origin of terrestrial bodies, to fire or to water’ 
 He stated that the Earth’s surface has varied over time, as rock strata ‘bear self-evident marks of being deposited by water’ and thus ‘have their origin at the bottom of the sea’
. 

This was conventionally accepted geology. Then came Hutton’s fundamental proposition: ‘That in all the strata we discover proofs of the materials having existed as elements of bodies, which must have been destroyed before the formation of those of which these materials now actually make a part’
. 

This destruction or ‘decomposition of all mineral substances…is brought about by a multitude of agents, both chemical and mechanical’
. This mated natural forces with an ancient Earth, but furthermore, argued for a dynamically active planet. 

Strata containing shells and coral were cited as proof of this ‘recycling’ of destroyed material. If aquatic creatures could be found fossilised in terrestrial rocks, then ‘there must have existed…not only a sea, but continents, previously to the formation of the present strata’
. This linked the waste of animal and vegetable substances to oil and coal, through deposition into the sea. 
This also transcends Genesis— where the Bible describes one creation, Hutton proposes many, ongoing over time.

Secondary rocks (strata) have their origin with ‘the waste of former land’
, whilst primitive rocks are old, but not older ‘than any that ever had existed’
. Consolidation of strata is due to heat (fire) or dissolution (water)
. This inclusion of physical and chemical process was a new concept.

A New System 

Hutton anticipated the role of compression and heat in subsurface rock formation: ‘[regarding] application of heat to calcareous bodies under great compression…the whole might be softened or even completely melted.’ The unification of chemical and physical processes reinforced the cohesion of natural forces as plausibly formative.

Hutton noted that shifts in strata were mainly in the primary, which suffered more violence, as the oldest
. This allowed for a gradual establishment of natural forces over time, in accordance with the emerging uniformitarianism.

 So Hutton outlines uniformity of chemical and physical processes on rocks, forming secondary strata, over long periods of time. This necessitates ‘a system of universal decay and degradation’
. Rivers lay beds of sediment, which are consolidated into strata, which rise up from the seabed, and degrade into land, all driven by heat and pressure (modern geophysics) and chemical process. This general theory formed the new paradigm for geology at the end of the nineteenth century.

Hutton also promotes the ‘novelty and beauty’ 
 of the system, attributing it to ‘the author of Nature’
. This did not protect him from accusations of atheism, linking Hutton with Buckland.

Buckland 

Buckland noted ‘geology has shared the fate of other infant sciences in being for a while considered hostile to revealed religion [although] when fully understood, it will be found a potent and consistent auxiliary to it’
. As an apologist for geology, he emphasises that geology’s ‘followers are as yet agreed on no complete and incontrovertible theory of the earth’
. 


However, whilst outlining geology’s deficiencies, he states that those who seek a detailed account of geological phenomena in the Bible, rests on a unjustified expectation of finding therein historical information’
. 

Despite geology’s only developing understanding of the formation and processes of the Earth, it still takes precedence over the Bible, it being only a guide for ‘religious belief and moral conduct’
. 

The Bible’s unspecified ‘beginning’ suggests undefined period of time, yet the lack of animal or vegetative fossils in primary rocks means a set beginning for all life. There is also the (recurrent) problem of interpretation: is Genesis factual or mere abstraction?


So Buckland’s assertion of ‘the lapse of very long periods of time before the creation of man’ 
 and an inconstant ‘series of creation operations’ 
 support the developing geological view of a far-older Earth than previously-estimated, with the gradual effect of chemical and mechanical natural forces, and intermittent catastrophes— much the modern view. 

Buckland also comments that ‘such universal prevalence of law, method and order assuredly attests the agency of some presiding and controlling mind 
 and that geological phenomena are not ‘conducted solely and exclusively with a view to the benefit of man’
. Buckland here accepts teleology, but rejects the religious anthropocentrism of the religious.

Conclusions

Nineteenth century geology opened with confusions as to the age of the Earth, and a ‘devaluation of evidential theology’
  in the face of fossil evidence. The biblically-estimated 7000-year age of the Earth could not be reconciled with fossil evidences of extinct species. 

Yet, there was no acceptable or cohesive replacement theory, until Huttonian uniformitarianism married the Earth’s greater age with the acknowledged regularity of natural forces. ‘Uniformitarianism meant that the past could be explained I terms of what we see happening today’
 

This wholly physical and scientific system explained formative processes on Earth. No divine element was necessary, although teleology was still included; perhaps to satiate the prominent contemporary religious audience.

Simply, the comfortable Biblical geological model was discredited. The nineteenth century progressed without a ‘leading paradigm’
 until Huttonian uniformitarianism. I would not count this as a revolution, as its changes were distinct and slow, without the ‘rapid theory shift’
 of Kuhn. 

Nineteenth century geology consisted of a disproof of old theories and their gradual replacement by newer theories. However, these changes lacked any cohesive connection and cannot thus be considered a revolution.
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Accidents

p40 Eighteenth century geologists had only one normal way of thinking about the history of the more recent parts of the earths crust, that sedimentary formations had been laid down at the bottom of the sea…It is not surprising that such matters as (41) volcanoes and earthquakes were treated as deviations from the normal...they were not to be given undue importance in the earths history

p40 Freshwater molluscs might have bee adapted to marine water— from fossils? Evolution?
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‘Just as the institutions of the old regime had been suddenly swept away and replaced by new ones’ 

· 110 ‘All over Europe the end of the Pleistocene Ice Age had indeed produced radical changes in the nature and rate of geological processes. It was an awareness of such phenomena that made it difficult for most geologists at the time to accept the arguments of…James Hutton for the uniformly slow action of ALL geological processes’ seems to me, the problem is: if Hutton right about uniformitarianism, then if all geological processes uniform, the only way to explain fossils of unknown (or extinct) species is to have them existing BEFORE man…making the world very, very old…
· The catastrophe- Flood?

· 115 ‘Extinction, evolution or migration;  Not migration for large animals so ‘extinction v evolution’ Darwinian method matched the two

· 118 Lamarck believed continental drift was ‘continents steadily being eroded in their western shores while gaining land by silting on their eastern’

· 119 Lamarck’s thoeyr less obvious affinities with James Hutton’s

· ‘One must believe that every living thing whatsoever must change insensibly in its organisation and its form’ one must therefore ‘never expect to find among living species all those which are found in the Fossil state’- not extinction, though- basically, you won’t find any living Fossils
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· Confidence in its reliability

· Geology was history as well as science

Fonetenelle—‘Geologists deal with histories written by the hand of nature itself’

· Change to theory of heart causing vertical uprise came in 1960s- plate tectonics theory

· Ties in with continental drift- Kuhn

· Drift had been considered but rejected as mantle was believed to be solid, not liquid

· But then why was vertical uplift accepted as that needs liquid mantle?

· Good evidence for it, tho…

· Wegener proposed idea of Pangaea and drift in early Twentieth Century, but it was not accepted until 1960s 

· Mid-Atlantic Ridge found in nineteenth century

· Similarity of S. American coastline to that of Africa with rock types matching

· But all this circumstantial…need a mechanism
· Joint landmass of Southern Continents first from Seuss (Austrian)

· Greene: ‘Wegener’s theory was a legitimate but very tentative deduction from a great body of geological and geophysical evidence assembled in the last quarter of the nineteenth century’

· First fifty years of Twentieth Century had no leading paradigm

· Changing magnetic fields—due to drift?

· Geology no longer subversive to physics

· Revolution? ‘If all Kuhn had meant by a revolution was a period of rapid theory change, then it would be appropriate to invoke its work. However, Kuhn surely had a great deal more in mind’
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