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  ABOUT RICHARD KIRWAN.


  Mr. Kirwan was born at Cloughballymore, Co. Galway, in 1733, and died in Dublin in 1812. Although chiefly remembered with amusement today for his support for phlogiston and the Neptunian geological theory, he was a reputable scientist who made significant contributions to analytal chemisty. He was elected to the Royal Society in 1780, and in 1782 was awarded the Society's prestidigous Copley medal for his chemical research. He was also elected as a foreign member of the Royal Swedish Academy of Sciences, and in 1799 became president of the Royal Irish Academy (Wikipedia). He was also a well-respected mineralogist in England whose book 'Elements of Mineralogy' was first published in 1784 and passed through two additional editions.


  'Geological Essays' was published in 1799 soon after a new theory of the Earth, the Plutonist Theory, was published by James Hutton in 1788. At this time, most European and American scientists firmly believed in the Neptunian theory of the Earth that held that rocks such as granites and basalts were precipitates from a primordial ocean rather than being solidified from deeply-buried molten rock material as Hutton believed. The Neptunian Theory was first developed by Gottlob Werner (1749-1817) of the Mining Academy of Freiberg, Germany, in his book 'New Theory of Veins' in 1791 and in his influential teaching over many years beginning in 1775 at Freiberg. Kirwan's book presented his model of geology as based on Werner's Theory. At this time he probably was the leader of the British school of Neptunists. Although wrong about many aspects of geology such as the origin of igneous rocks and the vast length of geologic time, Kirwan's belief in a primordial ocean led him to investigate chemical precipitation in natural aqueous systems. His conclusions about salt deposits and the nature of calcite cements in sandstones were much closer to current models than those of Dr. Hutton.


  PREFACE.


  GEOLOGY is the science that treats of the various relations which the different constituent masses of the globe bear to each other. It at once unfolds and shews how to read the huge and mysterious volume of inanimate nature, of which MINERALOGY supplies the alphabet. The instruction it conveys is our surest guide in researches for the various valuable substances buried under the earth's surface, and powerfully assists us in the sublime investigation of the history of the planet we inhabit. Singularly diversified, and intricately complicated, as the local arrangement of subterraneous substances may appear, yet that its mazes are not without a clew, may readily be inferred, and with certainty concluded, from the practical skill which several miners are known to possess in many parts of the world. Uncombined, however, with any general theory, the knowledge thus attained, is generally imperfect, being circumscribed within the limits of the districts wherein their operations are exercised, linked with their peculiar circumstances, and more over, frequently darkened and perplexed with notions either falsely assumed, or erroneously generalized.


  It is to men of far superior acquirements that Geology owes its origin and progress. John Gottlob Lehman first traced the genuine outlines of this science: Eminently skilled in general physics, practical mining, mineralogy, and chymistry, fully acquainted with the circumstances attending the situation of most minerals relatively to each other, in numerous and extensive tracts of different countries, he was enabled to deduce from multiplied observations some general conclusions, which have since, with few exceptions, been verified in all parts of the world.


  This sagacious observer soon found that priority or posteriority of formation was a prominent feature distinguishing various elevations of the globe, and a circumstance demanding the strictest attention in determining the probable presence of particular minerals, as well as in devising and prescribing the mode of extracting them. Hence arose the denominations of PRIMARY or PRIMEVAL, and of SECONDARY mountains. And thus Geology was found connected with the ancient history of the globe.


  The connexion thus discovered between the modern and ancient state of the Earth soon excited the curiosity, and fired the imagination of some speculative philosophers, better versed in mathematics, astronomy, and geography, than in chymical or mineralogical knowledge, yet all desirous of tracing the origin of the globe, and applying Geology to their several systems. Thus COSMOGONY was grafted on Geology.


  Among many visionary theories, most of which have now sunk into oblivion, I shall single out one as claiming some notice from its artful structure and deceptive appearance of solidity.


  In the formation of this theory, Genius (I mean Genius in its primitive sense, the sublime talent of fascinating Invention, and not the energetic power of patient, profound, and sagacious investigation) unhappily presided. Yet dazzled by the splendid but delusive scenery presented by an ardent imagination soaring to the source of light, and rending from its flaming orb the planetary masses that surround it, then marking with daring and overweening confidence fancied successive epochs of the consolidated fabrick of the terraqueous globe, the public attention was long arrested by the magic representation, and the understanding nearly betrayed into a partial, if not a total assent to it.


  On examining this theory more seriously, we may observe, that two facts, both of which were erroneously extended by analogy, and blended with a few incontestable truths, formed the basis of all that was not purely imaginary in its stately structure.


  It was well known that flinty or siliceous substances entered into the composition of common glass, and also that such substances form one of the principal constituent parts of the globe; it is also certain that many of these substances resemble glass in colour, transparency, lustre, hardness, and specific gravity; and as glass originates from fusion in a strong heat, it was thence inferred that these substances also derived their origin from a similar fusion in an intense heat; and as in our planetary system such heat could be suspected only in the sun, it was concluded that these substances were produced in, or rather formed a part of that luminary, from which, they together with the other planets were detached by the fortuitous shock of a COMET. Our globe thus originating, required, it was said, many thousand years to cool to such a degree as to allow the vapours that accompanied it to condense into water, and this water was so abundant as to cover it to the height of some miles; excavations however were at length formed, into which this liquid gradually sunk; hence the origin of our seas and oceans. Organic particles (of undefined origin) uniting by unknown plastic power, peopled the seas with shellfish, and ocked the continents, when sufficiently cooled to support them, with land animals.


  Farther, as shells are known to consist of an earth similar to that which forms limestone or marble, it was inferred, that after a series of ages, the immense masses of calcareous substances, whether found in plains, or forming mountains, originated from accumulated comminuted shells, the remains or traces of which are found in many of them at this day.


  This proud gigantic theory was, however, like another Goliath, soon demolished by a common flint or pebble, the very substance it sprung from; common glass, essentially contains an alkaline salt to which alone it owes its fusibility; siliceous substances contain none, and are absolutely infusible when unassociated with any. Maquer found them infusible not only in furnaces, but in the still incomparably superior heat of the concentrated solar rays, as did Geyer, Lavoisier, and Ehrman, in the again higher heat of inflamed oxygen. Hence the hypothesis grounded on the assumed identity of these substances and common glass, vanished like the unembodied visions of the night. With respect to limestone, the other pillar on which this theory rested, Cronsted, Ferber, Born, Arduino, and Bergman, demonstrated the existence of numerous and immense mountains, in which not only no vestiges of shells could be traced, but whose internal structure or position were incompatible with the supposition of an origination thence derived.


  This gaudy illusion being dissipated, the internal structure of the globe was more patiently and soberly investigated. Mountains offering their constituent materials more conspicuously to view, were generally visited and principally consulted; the chymical properties, and distinctive characters, of their component masses, their external relations, whether of position, superposition, form, direction, or extension, the connexion of a peculiar constitution, with the absence or presence of metallic, or other valuable substances, and finally, the precise height of the whole over the level of the sea, were now carefully attended to, recorded and published in most parts of the civilized world.


  In this magnificent display of the internal arrangement of the globe, many philosophical observers acquired distinguished eminence from tedious, laborious, painful, but successful, exertions. TILAS, GMELIN, CRONSTED, FERBER, PALLAS, CHARPENTIER, BORN, WERNER, ARDUINO, DE LUC, SAUSSURE, and DOLOMIEU, are names consecrated to IMMORTALITY; to which I should be proud to add that of a distinguished young countryman of our own who has lately travelled into the east, if his modesty had not as yet prevented the publication of his observations.


  I am sorry to add, that in this highly interesting career of inquiry, of the first importance to civilized society, and demanding the most powerful co-operation, few POTENTATES except our own august Monarch, the late amiable sovereign of France, and the illustrious female sovereigns of Russia, particularly the immortal benefactress of mankind, CATHARINE THE GREAT, have taken any concern [1]. No enterprize however can assuredly reflect: more lasting splendour on their reigns, or more effectually promote the repose of their subjects, by attracting, absorbing, and even exhausting the activity of fiery spirits whose energies may otherwise be perniciously employed in disturbing the constitution of the state, instead of exploring that of nature [2].


  As no work comprising the generality of this object has as yet appeared in the English language, though several valuable fragments bearing some relation to it may be noticed, I thought I should make no unacceptable present to the public, by collecting and exhibiting to its view, the most important observations that occur in the works of the celebrated writers I have already mentioned, and of many others less generally known; the whole connected by such theories as appeared to me most probable, either devised by others, or resulting from my own reflections. COSMOGONY, an object, considered in its totality, above the reach of human understanding, I should have avoided meddling with, had it not been for the pernicious influence, I observed some false but ingenious systems of it to have on persons in other respects far from ignorant, and the evident agreement I discovered between the account of it given by Moses and the most certain and striking geological observations. This work was ready for the press in June 1798, but the confusion arising from the rebellion then raging in Ireland, prevented the impression. An opportunity however occurred of sending the manuscript to Germany, where I knew its translation would be attended with notes, which might considerably improved the intended subsequent publication in English. The German translation I have lately received, accompanied with many notes, some of which are very valuable, being extracted from the Journal of Travels through Peru, by Mr. Helm, published in Germany in 1798, and containing the only exact mineralogical account extant of that interesting country; these I have inserted and subjoined to the present publication with such other remarks as I thought worthy of notice.
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  GEOLOGICAL ESSAYS.


  ON THE PRIMITIVE STATE OF THE GLOBE AND ITS SUBSEQUENT CATASTROPHES.


  IN the investigation of past facts dependent on natural causes, certain laws of reasoning should inviolably be adhered to. The first is, that no effect should be attributed to a cause whose known powers are inadequate to its production. The second is, that no cause should be adduced whose existence is not proved either by actual experience or approved testimony. Many natural phenomena have arisen or do arise in times or places so distant, that well conditioned testimony concerning them cannot without manifest absurdity be rejected. Thus the inhabitants of the Northern parts of Europe, who have never felt earthquakes nor seen volcanos, must nevertheless admit, from mere testimony, that the first have been, and that the second do actually exist.


  The third is, that no powers should be ascribed to an alleged cause but those that it is known by actual observation to possess in appropriated circumstances.


  To these laws I mean strictly to conform in the subsequent inquiry, and on this conformity to rest its merits. To them I shall appeal in examining the various systems I may have occasion to mention.


  To those who may regard this inquiry as superfluous, and consider the actual state of the globe as alone entitled to philosophical attention, I shall beg leave to observe, that its original state is so strictly connected with that which it at present exhibits, that the latter cannot be properly understood without a retrospect to the former, as will amply be shewn in the sequel. Moreover recent experience has shewn that the obscurity in which the philosophical knowledge of this state has hitherto been involved, has proved too favourable to the structure of various systems of atheism or infidelity, as these have been in their turn to turbulence and immorality, not to endeavour to dispel it by all the lights which modern geological researches have struck out. Thus it will be found that geology naturally ripens, or (to use a mineralogical expression) graduates into religion, as this does into morality.


  So numerous indeed and so luminous have been the more modern geological researches, and so obviously connected with the object we have now in view, that since the obscuration or obliteration of the primitive traditions, strange as it may appear, no period has occurred so favourable to the illustration of the original state of the globe as the present, though so far removed from it. At no period has its surface been traversed in so many different directions, or its shape and extent under its different modifications of earth and water been so nearly ascertained, and the relative density of the whole so accurately determined, its solid constituent parts so exactly distinguished, their mutual relation, both as to portion and composition, so clearly traced, or pursued to such considerable depths, as within these last twenty-five years. Neither have the testimonies that relate to it been ever so critically examined and carefully weighed, nor consequently so well understood, as within the latter half of this century.


  The introduction of testimony into researches merely philosophical has been, I am well aware, objected to by many, but in the present case the objection evidently originates in inattention to its object. All philosophical researches are grounded either on experiment or observation singly or jointly, and the consequences clearly deducible from them. Where recourse cannot be had to experiment, as in the present case, there observation singly must be resorted to, but as objects even of observation are not of daily occurrence, and many of them must have existed at distant intervals of time and place, recourse must be had to its records, and consequently to testimony. Astronomy furnishes us with a case in point. This is a science purely philosophical, yet astronomers have never hesitated to admit the observations of an Hipparchus or a Ptolemy. In effect, past geological facts being of an historical nature, all attempts to deduce a complete knowledge of them merely from their still subsisting consequences, to the exclusion of unexceptionable testimony, must be deemed as absurd as that of deducing the history of ancient Rome solely from the medals or other monuments of antiquity it still exhibits, or the scattered ruins of its empire, to the exclusion of a Livy, a Sallust, or a Tacitus. That great changes have taken place on the surface of the globe since the commencement of its existence, changes that for some thousand years have not been repeated, is allowed on all hands. What then should render these facts and the circumstances attending them unsusceptible of testimony? not surely their improbability or discrepance with actual observation, since their reality is confessed by all; with respect to some of them I can think of no reason but one, and that indeed at the first blush sufficiently plausible, namely, that their existence preceded that of the human; this certainly proves that the knowledge of the historian that relates them (supposing him to have any) was not as to such facts obtained by human means, But if in a series of facts, discovered by an investigation to which the witness was an utter stranger, an exact agreement with the relation of the historian be discerned, not barely as to the substance of the fact but even as to the order and succession of their evidence, in such case it must be acknowledged that the relation is true, let the knowledge of the historian have been obtained how it may. If its primary source cannot be human, it must have been supernatural, and most assuredly worthy of credit even in such instances as have not as yet been corroborated by observation, or perhaps are incapable of such additional proof. Now such an account of the primeval state of the globe and of the principal catastrophe it anciently underwent, I am bold to say Moses presents to us, and I make no doubt of demonstrating in the following Essays.


  ESSAY I. ON THE PRIMEVAL STATE OF THE GLOBE.


  THE first remarkable fact that presents itself to our notice on considering the primitive state of the globe is, that its superficial parts, at least to a certain depth, must have originally been in a soft or liquid state. This fact is inferred from the shape it at present exhibits, which, as astronomers tell us, is that of a spheroid compressed at the poles, the polar diameter being found several miles shorter than the equatorial; nor is it at the poles only that this compression is observable, but in all the higher degrees of latitude, nearly in proportion to their proximity to the poles. This shape it evidently could not assume unless to a certain depth its superficial parts were in a soft or liquid state. Some geological observations also indicate that its component parts, even those that are at present the most solid, were originally in a soft state. Thus in the mountains of Quedlioe and Portfioellet in Norway, which consist of an argillaceous pudding stone, the siliceous pebbles it contains are observed to be compressed to the thickness of about 1/4 of an inch in the lower parts of the mountains, but to increase in size and roundness in proportion as their situation is higher.—1. Bergm. Erde Befch. 182. and in the Vivarois the lowest strata of primitive limestone have been found of the thickness of only 1/10 of an inch [3], but in proportion to their heighth in the mountain their thickness increases, until at its summit it arrives to thirty or forty feet. 1. Soulavie, 178. Mr. Ferner made the same observation in England [4], but it is needless to insist further on this point, as it is now generally allowed.


  With respect to the interior and more central parts, they having been hitherto inaccessible, nothing can be determined from immediate observation, but we may collect with sufficient certainty, and it is now generally acknowledged, that at the time of the creation, and for many centuries after, they contained immense empty caverns, and consequently consisted of materials sufficiently solid to resist the pressure of the enormous mass of liquid substance placed over them. See Boscovich, and 4 La Metherie 15.


  The liquidity thus proved to exist in the more superficial parts of the globe, comprehending even those that are now most solid, must have proceeded either from igneous fusion or solution in water. The hypothesis of igneous fusion wars with every notion which experiment has taught us to form either of fire or its fuel, or the properties and appearances of the various substances supposed to be subjected to it, as I have shewn at large in a former dissertation contained in the Transactions of the Irish Academy; the latter perfectly accords, and much more perfectly than I was then aware of, with all the properties and characters that all the solids now known exhibit, those confessedly of volcanic origin solely excepted.


  The difficult solubility in water of most of the solids which the globe at present exhibits, and the immense quantity of that fluid requisite to effect their solution, form the only difficulty that has hitherto embarrassed geologists, though it has prevented scarce any of them from admitting that solution. Most of them have supposed that at that early period some menstruum existed capable of effecting it. This difficulty, however, proceeds solely from inattention to the first demonstrated fact, namely, that the globe at its origin, at least to a certain depth, was a liquid mass; therefore the solids that at present compose it were not originally in a solid state, whose conversion into a state of liquidity would certainly require more water than is known to exist, but were at the very commencement of their existence in that state of minute division which aqueous solution requires, but which no known existing quantity of that fluid would be able to effect.


  Now it is a well known chemical fact, that less of any menstruum is requisite to keep a solid substance in solution, at least for a short time, than originally to dissolve it.


  Yet if the quantity of aqueous fluid requisite even to keep the mass of solids in solution were too small, as possibly it may have been, this would only hasten the second general fact, to which I now proceed, namely, the crystallization, precipitation, and deposition of these solids. But before I enter on this event it will be necessary to consider more particularly the state of this original chaotic fluid.


  The water which constituted this menstruum, being in a liquid state, must have been heated at least to thirty-three degrees, and possibly much higher. Secondly, it contained the eight generic earths, all the metallic and semi-metallic substances now known, the various simple saline substances, and the whole tribe of inflammables, solid, and liquid, which are of a simple nature, variously distributed, forming upon the whole a more complex menstruum than any that has since existed, and subsequently endued with properties very different from any with which we have been since acquainted.


  Hence elementary fire or the principle of heat must have been coeval with the creation of matter, and the general properties of gravitation and elective attraction may be supposed of equal date.


  The proportion of the different materials contained in the chaotic fluid to each other, may be supposed upon the whole nearly the same as that which they at present bear to each other, the siliceous earth being by far the most copious, next to that, the ferruginous, then the argillaceous and calcareous, lastly, the magnesian, barytic, Scottish, and Iargonic, in the order in which they are named, the metallic substances (except iron) most sparingly; in particular parts, however, of this polygenous fluid a very different proportion must have obtained (as in some parts of the globe) some species of earth or metal, &c. have evermore been found more copious than in others. Some geologists, as Buffon, and of late Dr. Hutton, have excluded calcareous earth from the number of the primeval, asserting the masses of it we at present behold, to proceed from shell fish. But in addition to the unfounded supposition, that shell fish or any animals possess the power of producing any simple earth, these philosophers should have considered that before the existence of any fish the stony masses that inclose the bason of the sea must have existed, and among these there is none in which calcareous earth is not found. Of this circumstance indeed Buffon was ignorant, the analyses that prove it being unknown to him. Dr. Hutton endeavours to evade this argument by supposing the world we now inhabit to have arisen from the ruins and fragments of an anterior, and that of another still prior, without pointing at any original. If we are thus to proceed in infinitum I shall not pretend to follow him, but if he stops any where, unless he also supposes his primitive globe absolutely different from that which we inhabit, (and with such I do not meddle) he will find the same argument equally to occur.


  In a fluid constituted as that just mentioned, it is evident from the laws of elective attraction, that the various solids diffused through it must soon have coalesced in various proportions according to the laws of this attraction and the presence or proximity of the ingredients, and thus have crystallized into different groups, which descended to and were deposited on the inferior solid kernel of the globe [5]. In those tracts in which the siliceous, and next to it the argillaceous earth most abounded, (and such tracts appear to have been by far the most extensive) granite and gneiss appear to have been first formed, and their formation may thus be explained: Both these rocks consist of quartz, felspar and mica, in a variable proportion, but the quartz and felspar are generally the most copious. These stones are themselves composed of siliceous and argillaceous particles, and particularly the first, principally of siliceous, the two latter admitting also the argillaceous and a small proportion of the calcareous, the magnesian and in some instances of the barytic. Now of these earths, that should coalesce first, which with an equally small affinity to water was at the same time most plentifully contained in it, its particles being more within the reach of each other's attraction. Hence we may conclude that the quartz first crystallized, scarce ever indeed, perfectly, from the disturbance that must have occurred in such an immense body of an heterogeneous fluid, nor perfectly pure by reason of its affinity to argil and calx [6]. Next to this felspar, containing a smaller proportion of silex and a larger of the other earths, proportions which, from their easy fusibility, also appear to exhibit the maximum of attraction of these earths to each other when silex and argil prevail, must have crystallized next, and lastly the mica, a stone in which the proportion of silex to argil is still smaller. The portion of water disengaged from these earths gradually ascended and made room for new shoots, which attaining the foregoing before they were perfectly hardened, adhered to them closely, and thus at last vast uniform blocks were formed; where the shoots had not attained a certain degree of hardness, or the softer ingredient, viz. the mica abounded, the gneiss was formed; and where the proportions requisite to form felspar were deficient, the other granitic ingredients being present, shistose mica was formed. Hence we may understand how it happened that gneiss should sometimes be found in granite [7], and sometimes masses of granite in the midst of gneiss, and why in mountains, granite, gneiss and shistose mica frequently alternate with each other. Charpent. 390 [8].


  As the fluid from which these crystallized granitic masses subsided was of the most heterogeneous kind, it is not to be wondered at that various metallic substances, and particularly iron, and even some traces of carbon and plumbago, should sometimes occur in them. 2 Sauss. 451. 2 Bergm. Jour. 1790. 532.


  In other tracts where the same earths occurred, but not in the proportions fitted to produce granitic ingredients, other masses of the siliceous genus, as siliceous shistus, siliceous porphyries, jaspers, &c. were formed by a less perfect and confused crystallization, or partly crystallized and partly deposited, as in 6 Sauss. 128, § 1574.


  In various places argillites, hornblende slates, serpentines and other primeval stones of various denominations must have arisen according to the predominant proportion of their ingredients by a more or less perfect or partial crystallization. 4 La Metherie, 86.


  Metallic substances (all of which I suppose to have originally existed in their complete metallic state) and particularly iron, of all others the most copious, must in sundry instances have met and combined with sulphur, the substance to which almost all, and particularly iron, have the greatest affinity, and thus pyritous substances and sulphurated ores originated. Petrol, specifically lighter indeed than water, but involved in the chaotic fluid, meeting sulphur to which it has an affinity, with it formed a liquid specifically heavier, which gradually involved and was absorbed by carbonic particles which were thus collected and precipitated.


  It is a fact at present well established, that in the act of crystallization a very considerable degree of heat is generated. Judging by analogy, how great then must have been the heat produced by the crystallization of such immense quantities of stony masses as took place at this period? the immediate effect of which must have been an enormous and universal evaporation, sweeping over the surface of the heated fluid according to the inequality of its diffusion and of the causes that produced it in various tracts.


  The heat thus produced must have been still farther increased in consequence of an event which naturally resulted from the degree at first excited. For in consequence of the heat and evaporation, the quantity of the chaotic fluid (the universal menstruum), as also its specific gravity, were diminished, and thus the substances contained in it (of which it was not the most natural solvent) were still more disposed to precipitation, as usually happens in such cases; thus then the ferruginous particles naturally not soluble while in their metallic state in any fluid, and of which immense quantities existed, were rapidly and copiously precipitated; the aqueous particles intercepted between them must in that case have been decomposed, and an immense quantity of inflammable air let loose, the heat thus produced increasing with the masses operated upon, must have risen at last to incandescence; in that circumstance the oxygen absorbed must have been in great measure expelled, and in its nascent state meeting and uniting with the inflammable air must have burst into flame. The progress of such high degrees of heat must have disengaged all the oxygen contained in the contiguous chaotic fluid, which uniting partly with more metallic iron, partly with the sulphurated and partly with the carbonic and bituminous substances, must have occasioned a stupendous conflagration, the effects of which may well be supposed to have extended even to the solid basis on which the chaotic fluid reposed, and to have rent and split it to an unknown extent.


  That flame should thus burst from the bosom of the deep is not a forced supposition, but has frequently been verified in latter times. I shall only mention one instance which happened in the beginning of this century, when flames burst out of the sea near Tercra, and an island was elevated [9].


  These volcanic eruptions, many of which seem to have taken place at this period, chiefly in the southern hemisphere, were attended with important consequences; the first must have been the diffusion of a considerable heat through the whole mass of the chaotic fluid, by which means the oxygen and mephitic airs dispersed through it must have been extricated, and thus gradually formed the atmosphere.


  The second was the production of fixed air from the union of oxygen with the ignited carbon; this at first rose into and diffused itself through the atmosphere, but in proportion as the chaotic fluid cooled it was gradually absorbed by it. This absorbtion occasioned the precipitation, and more or less regular crystallization of the calcareous earth, the greater part of which being much more soluble than the other earths, still remained in solution after the others had, for the most part, been deposited. This explains why many of these primitive calcareous masses are of all others the freest from foreign admixture. In some instances, however, it must have happened that the calcareous particles intermixed with other earths were saturated before the reunion and deposition of the other earths, and, in some countries, strata of primitive calcareous masses occur in the midst of gneiss, or alternating with it; but these instances are very rare [10].


  That the formation of fixed air was an event subsequent to the formation of most of the primeval stones, appears from the observation, that the calcareous earth found in the composition of primeval stones is in a caustic state. 44 Roz. 206.


  The immense masses concreted and deposited on the interior nucleus of the earth formed the primitive mountains. It may, perhaps, be thought that this deposition should be equally diffused, and should constitute only an even crust over this interior nucleus, but such a disposition is contrary to the nature of crystallization, between whose shoots an interval always intercedes, if not too sudden. The water first discharged of its dissolved contents, and thereby heated, moved upwards, being pressed by the circumambient denser fluid, which was too heterogeneous to mix with, and be diluted by it. The deposit already formed affording to the succeeding portions of the charged fluid a basis whose points of contact were so much the more numerous as its height was greater, thereby determined these portions to a similar deposition, until the diminished density or exhaustion of the menstruum diminished or put an end to the number and extent of the points of contact of the deposited masses with the solids contained in the menstruum. In some cases also, particularly after the chaotic fluid was heated by the causes already mentioned, and a considerable evaporation had ensued, the crystallization might have begun at the surface, as we see happen to some salts and to lime-water. Thus extensive strata might have been successively deposited, mostly in an horizontal, but often from accidental ruptures during their fall, in an oblique, or nearly vertical, portion. Thus far we are led by general analogies, without the assistance of romantic or gratuitous hypotheses, and the view of the subject, thus obtained, is sufficient for the explanation of most of the observations hitherto made on the structure of primitive mountains.


  The formation of plains is easily understood; in the wide intervals of distant mountains, after the first crystallized masses had been deposited, the solid particles still contained in the chaotic fluid, but too distant from each other's sphere of attraction to concrete into crystals, and particularly those that are known to be least disposed to crystallize, and also to have least affinity to water, were gradually and uniformly deposited. Of this nature argillaceous particles are known to be, intermixed as may well be expected with a large proportion of siliceous and ferruginous particles of all others the most abundant, and some particles of the other earths; by these compound and slightly concreted earths the surface of plains were originally covered. In process of time these earths undoubtedly received an abundant increase from the decomposition of primitive mountains, but this being an event of a posterior date need here be only cursorily mentioned.


  The next important event necessary to fit the globe for the reception of land animals, was the diminution and recess of the chaotic fluid in whose bosom the mountains were formed, and the consequent disclosure of the dry land. This event was the natural consequence of the operation of the preceding volcanoes, by these the bed of the ocean was scooped, most probably as we shall hereafter see, in the Southern hemisphere. But no change or transposition of the solid materials deposited from the chaotic fluid could lower its level, unless the inferior nucleus of the globe could receive it within its hollow and empty caverns; this admittance it gained through the numerous rifts occasioned by the antecedent fires; at first rapidly, but afterwards more slowly, in proportion as the perpendicular height of the fluid was diminished, and thus the emerged continent consisting of mountains and plains was gradually laid bare and dried, and by drying, consolidated.


  The disclosure of the actual continents, as I have just hinted, appears to have been gradual. The tracts at first uncovered were those whose height over the present seas amounts to 8500 or 9000 feet, or more. This height comprehends most of the Eastern heights of Siberia, between latitude 49° and 55°, and of the extensive regions of Great Tartary, Thibet, the desert of Coby or Chamo, and China, reaching in some places to latitude 35°, and extending in the Northern parts from the sources of the Irtish, long. 95° and in the more Southern from the heads of the Ganges and Bourampooter, long. 80°, Hohanho and Porentsho to long. 190° at the least, and, perhaps, still farther into the unknown parts of Eastern America.


  In Europe, only the summits of the Alps, Pyrenees, and of a few other mountains, were uncovered, but in America the narrow but long chain of the Cordeliers must have raised its summits far above the Ocean; this fact is a necessary inference from that which I am next to mention.


  The level of the ancient Ocean being lowered to the height of about 8500 or 9000 feet, then, and not before, it began to be peopled with fish. I shall, therefore, from its similitude to our present seas henceforward denote it by this denomination, to distinguish it from the chaotic fluid, whose composition was so different and contained no fish.


  That the creation of fish was an event subsequent to the emersion of the tracts just mentioned and to the reduction of the waters to the height I have stated, is proved by the observations of all those who have visited those countries. Pallas informs us that the immense desert of Cobea or Chamo forms a flat platform whose elevation can be compared only to that of Quito in Peru (which Boguer has hewn to amount to upwards of 900 feet), and that the plains of the Moguls all along to the Chinese wall are nearly of the same height [11].


  Major Rennel, in his account of the map of India, tells us, that the country of Thibet is one of the highest in Asia, being part of that elevated tract which gives rise not only to the rivers of India and China, but to those of Siberia and Tartary. The Southern ridge of the mountains of Boutan (Thibet) rises, he says, about a mile and a half above the plains of Bengal, and may be seen in a horizontal distance of one hundred and fifty miles, p. 93 and 94, which indicates a height of fifteen thousand feet, or allowing for refraction according to Dr. Maskelyne's rule, eleven thousand nine hundred and eighty-one feet [12].


  According to Abbé Man's calculations, of all others the most accurate and the most moderate, the height of the Ganges and Hohanho, even at one thousand miles distance from the sea, must be three thousand six hundred and thirty feet [13]. But Major Rennel has shewn in the Philosophical Transactions, 1781, p. 90, that the head of the Ganges is two thousand miles distant from the sea, therefore the country it flows from is elevated at least eight thousand eight hundred, or nine thousand feet.


  Now in these elevated tracts no marine shells or petrifactions are found in the body of any mountain, nor in any stone, not even in limestone, though it abound particularly about the sources of the Amour, Herm. 1 Chy, An. 1791, p. 155. But all the calcareous masses that occur are either what are called saline like Carrara marble, or so fine grained foliated as to appear nearly compact, but of the primitive kind. This absence of marine shells and petrifactions from such extensive regions has attracted the particular notice of all travellers into these parts as they are so abundantly found in all lower tracts of the globe, Gmelin, 45. Phil. Trans. 254. Pallas, 1 Act. Petrop. 44. Patrin, 38 Roz 227. And though salt springs and lakes are found in the highest plains, Pallas, ibid. 38, and even coal mines in the mountains, yet no organic remains accompany these mines as they do in the lower tracts of the globe, Patrin, 38 Roz. 226. Pallas indeed remarks some few petrifactions have been found in the rifts even of granitic mounts, but these he rightly judges were deposited there at the time of the deluge; ibid. 44.


  Hence I think it follows evidently that these tracts were indeed formed in the bosom of the primitive ocean, like all others, but that they were uncovered before the creation of fish, and since they contain limestone, that this stone does not necessarily and universally originate from comminuted shells, as Buffon and others have advanced [14].


  That fish did not exist until the level of the ocean was depressed to about eight thousand five hundred feet, may also be inferred with equal evidence from this observation, that though several lofty mountains at present exist, which far exceed that height, yet no petrifactions or shells are incorporated in the rocks or strata that form them [15]. This De la Peyrouse attests with respect to the Pyrenees, which yet are mostly calcareous. Traite des Mines de fer, 336. Nor are any found in Santo Velino, the highest of the Appenines, its height being eight thousand three hundred feet, whereas they abound in those that are lower. In the Savoyan Alps, Salenche, Saleve, Mole, the Dole, all of which are calcareous, but below the height of seven thousand feet, contain petrifactions, but the Buet, which is also calcareous for the greater part, but whose height exceeds ten thousand feet, contains none. Saussure passim. But quere if the Buet be not secondary? 7 Sauss. 296. and 1 Sauss. § 590; it is not, though in vol. 7 he seems to say it is.


  And reciprocally of the mountains that contain petrifactions embodied in their mass, none reaches to the height of eight thousand six hundred feet. With respect to the Hartz, Lasius remarks, that no petrifactions are found in the mountains whose height exceeds two thousand three hundred and ten feet, Lasius, 148; and Renovants, p. 76, asserts, that none of those of Siberia on either side of the Altai exceed two thousand Paris feet. Nay Pallas does not allow to calcareous mountains that contain petrifactions (which on this account he judges to be formed in the sea) above thirteen or fourteen hundred feet, 1 Act. Petrop. 59; but a view of the mountains of Switzerland shews that many of them are much higher.


  The nearest approach I have met with, to the limits I have assigned to the height of the ancient ocean when it began to be peopled with fish, is an observation of Mr. De Luc's, that he found cornua ammonis petrified on mount Grenier, whose height is seven thousand eight hundred feet. Lettres à la Reine, 227; and another of Baron Zoits on the mountain of Terglore in Carniola, that petrifactions were found in limestone at the height of between thirteen and fourteen hundred German lachters; taking such to be equal to those of the Hartz, the height was eight thousand five hundred English feet nearly, and hence I have extended the limits to eight thousand five hundred feet, yet it does not appear by Mr. De Luc's relation that these petrifactions were imbodied in the stone or rock which constitutes the mountain, and therefore may well be only relics of the deluge. He also says that the chain of Jura abounds in marine remains; but Jura consists of two chains, the highest of which consists of primeval limestone in which no petrifactions are found, and this is the highest, 30 Roz. 275, and 11 Annales Chy. 265, but the lower chain certainly abounds in them. Fichtel also remarks that still higher on the mountains of Terglore no petrifactions are found imbodied, Mineral Aufsatz, p. 4. After this elevated tract of the globe had been uncovered, there is no reason to suppose that it long remained divested of vegetables or unpeopled by animals, being in every respect fitted to receive them. The severe degree of cold which at present distresses these countries during the winter months, is solely owing to their distance from, and elevation over, the actual seas (as I have elsewhere shewn), circumstances that did not exist at this period.


  That the retreat of the sea from the lower parts of our present continents was gradual and not fully effected until after the lapse of several centuries, many reasons induce us to believe. 1°. Both sides of the Altaischan platform exhibit secondary mountains (so I call all those which contain marine shells or other remains of animal or vegetable substances between their strata, or incorporated in the rocks or stones of which they consist) both of the calcareous and argillitic kind, in which marine shells abound, Renov. 75; these therefore must have been formed before the sea had receded far from these parts, and must have been the work of many years.


  2°. Not only in every region of Europe, but also of both the old and new continents, whose situation is interior to that above mentioned, immense quantities of marine shells either dispersed or collected have been discovered. In the province of Touraine in France, at one hundred miles distance from the sea, there exists at a depth of eight or nine feet a heap of shells of nine leagues in surface, and upwards of twenty feet in depth, many of which are those of the neighbouring seas, a collection which certainly required many years to accumulate —Mem. Paris, 1720. p. 524, 540. Most of these shells are placed on their flat and not on their convex surface—Ibid, which shews they must have been gently deposited, and not huddled together by a sudden and violent inundation. In some places shells of different species are thus accumulated, but in others they are regularly arranged in families. —1. Bergm. Erdekug. 251. 262. 6 Roz. 120. Widem. Verwandl. 118. Mem. Par. 17471059. which shews also that they were neither suddenly nor promiscuously collected. Many smaller but similar accumulations occur in England, as may be seen in the Philos. Trans. and Ray's Discourses, and in Peru 2 Don Ulloa's Voy. 197. and also in Italy, Spain, Germany, Poland, Sweden, &c. which being generally known and acknowledged it is needless to detail, but it deserves particular attention, though many of them are found at a depth of from eight to one or two hundred feet under the surface of the earth, and at still greater depths from the surface of mountains, yet scarce any are found lower than the actual surface of the bed of the sea.—1 Bergm. Erde, 1762 Wms. 183, contra, but this is in the Atlantic, a sea newly formed. Some indeed are found that do not now occur in the neighbouring coast, because they are of the kind called Pelagicae which exist only at great depths, as Don Ulloa has shewn, 2 Voy. 197. or because the temperature of the actual seas is unfit for them, as the ancient seas, from the smaller extent of the ancient continents, must have been much warmer; nay the number of these unknown shells is daily diminishing.


  We may also remark that the lowest countries, as Brabant and Holland, contain most of them. In particular tracts of Russia they are also very copious, because these tracts were longer covered by the sea than most other countries, as will be shewn in a future Essay.


  4°. Trees of different kinds and various vegetables have been found at great depths in our modern continents, and even under lofty mountains, as at Meissen in Hessia, and often mixed with marine remains. Some parts of the earth on which these trees grew must therefore have been dry land, while those parts in which the trees are found were covered by the sea, therefore the retreat of the sea must have been gradual. Many I am sensible ascribe these depositions to the ravages of the universal deluge, and in some cases, I believe, justly, but as they are often under hills or mountains, whose strata are regularly disposed, a regularity that can scarce be supposed to take place during the turbulence of a deluge, in these cases it appears their deposition must be ascribed to more tranquil causes.


  5°. Trees have often been found deposited near the summits of many mountains at heights in which from the degree of cold which at present prevails on them they could not grow, therefore they must have grown when the temperature of these summits was warmer, and consequently when they were less elevated over the surface of the sea, and less distant from it. See the Note in 1 Berg. Erdekugel, 253 of the Pholades and De Luc.


  Lastly—Stratified mountains of various heights beneath eight thousand feet exist in different parts of Europe, and of both continents, in and betwixt whose strata various substances of marine, and some vegetables of terrestrial origin repose, either in their natural state or petrified; the regularity and uniformity of these strata strongly indicate a cause whose action was regular and uniform and long continued; now tides are the only cause of this nature with which we are acquainted; sudden and violent inundations and of short continuance are incompatible with stratifications so regular and numerous. In some few instances, it is true, much irregularity and confusion prevail amongst the strata, from the dissolution, elapsion, or different compression of some of these strata, or from their interruption during their formation, by the introduction of extraneous rocks projected amongst them by adventitious causes, as earthquakes or volcanoes; or the tides themselves may have sometimes been rendered irregular by storms, currents or the irregular profile of the shores, as we daily observe. But even in these cases the length of time necessary for the formation of the strata excludes all suspicion of short and tumultuary inundations.


  We also observe, that though the strata themselves are not arranged in the order of the specific gravities of the materials that compose them, the lighter being frequently placed beneath the heavier, yet within each stratum the materials that compose it are almost always arranged according to the laws of their gravitation, 1 Bergm. Erde. 179. These phenomena fully prove that the retreat of the sea from the vicinity of the lofty mountains and elevated platforms that first emerged was not sudden, but continued for several ages, and that the various stratified secondary mountains at present existing were formed within it during its retreat, and after the creation of fish. The mode of their formation now claims our attention.


  To form as just an idea of the formation of secondary mountains as the nature of an object inimitable to human eyes can allow us [16], we must observe, 1°. That the greater part of the particles of solid matter contained in the chaotic fluid being deposited before the creation of fish, the various materials that enter into the composition of secondary mountains must have been furnished either by the destruction of such of the primary as existed in the sea, but either from want of solidity or the smallness of their mass were too feeble to resist its impetuosity when animated by storms, and being by continued friction reduced to atoms, or rolled into tumblers, were either diffused through, or hurried along by the agitation of the waters, or were crumbled to pieces by earthquakes, and variously dispersed through the ocean, or these materials were ejected in immense heated masses, by submarine volcanoes, into the bosom of the waves, to be by them farther comminuted, disintegrated, or decomposed.


  The various solids thus diffused at different periods of time through the vast body of the Ocean, must have been gradually precipitated and deposited on such solid masses as refilled the progressive motion impressed upon the precipitating masses by that tumultuous element; hence they applied to and rested on the low lateral surfaces of many of the most considerable primary mountains, or were accumulated on the scabrous but firmly rooted fragments of such of those mountains as were before destroyed, intombing the shell-fish that adhered to or relied upon these fragments, and arresting by their initial softness the various sunk woods and such other vegetable or animal substances as chanced to be mixed with these precipitating masses, or were subsequently borne upon them. Trees naturally assumed the situation that afforded least resistance to the currents that conveyed them, and hence the uniformity that has been observed very frequently in their position. These depositions, when during their descent they attained a certain degree of density, must have proved fatal to the various species of fish which were involved in them, and hence the origin of the more solid piscine remains at present found in them; the softer parts being destroyed by putrifaction, in this manner, but after long intervals of time, the succeeding strata appear to have been formed, but they did not attain their present solidity until after the retreat of the sea, and through the operation of causes which I shall presently mention.


  From the circumstances here stated, we may easily account for several of the most general geological observations, as,


  1°. Why stratified hills have always been found reposing on primary rocks, or inverting primary mountains, as on granite, gneiss, argillite, &c. as Ferber, Born, Pallas, Gerhard, Charpentier, Werner, Saussure, &c. attest [16a] not as matters of opinion, but as fact they have constantly been witnesses to. Doctor Hutton, indeed, thinks this observation does not hold true with respect to Scotland, or even with respect to the greater part of Britain, because in traversing the greater part of that island he seldom met with granite; but it is plain from what has been said, that it is not on the surface it should be expected, but under the superior strata, therefore the Doctor's observations, but not his assertions, are perfectly consistent with those of all other geologists. However Mr. Eversman of Berlin, who resided some years in Scotland, tells us that the fundamental rock (Grund gebirge) of Scotland is a mass of the granitic kind, I Bergm. Jour. 1789, 495; and Dr. Ash relates that not only near Aberdeen, but in the more southern parts, extensive granitic mountains often occur, 1 Chy. Ann. 1792, 115. The truth is that the whole of Britain seems to have been formed of strata, resting upon and intercepted between masses of granite or other primitive rocks, at depths in most places not easily accessible.


  2do. Why the strata of secondary mountains are generally elevated in the direction that faces the next primitive mountains, though frequently distant from them, being, as we have seen originally, formed against, and along the sloping sides of the mountains, and the separation occasioned by the course of waters that formed the vallies that intercede between them [17]. The seeming exceptions to this rule arise either from the sinking of the primitive mountain to which the secondary faced, as happened to that which stood where the lake of Geneva is now placed, whose bottom is chiefly granite, or some other primitive rock, as Mr. Saussure attests, 1 Sauss. 15, and therefore the elevation of the strata of the Mole, Saleve, &c. face the lake, Id. p. 222, 223, &c. or because these stratified hills were originally independent, being formed on the fragments of primitive mountains, as already said.


  Hence also we may explain an important observation made by Mr. Schrieber on the mountain of Gardette, which consists of limestone superimposed on gneiss; he observed that where they joined, the gneiss had penetrated into the body of the limestone, but the limestone did not penetrate into that of the gneiss, whence he justly inferred, that the limestone was in a soft state, but the gneiss already consolidated, when the contact took place; 36 Roz. 359. Similar to this is the observation of Mr. Saussure, 1 Sauss. 528, that a puddingstone with a calcareous cement or argillaceous grit is generally interposed betwixt the uppermost strata of the primary and the lowest of the secondary strata as the soft secondary matter inveloped the pebbles or gravel on the surface of the primary; this he observed in the Alps, the Vosges, the Cevennes, &c. This is also constantly observed in coal mines, where semi-primigenous strata (Todliegendes) a sandstone or breccia, with a calcareous or martial argillaceous cement, forms the last stratum immediately over the primitive rock.


  Many, indeed most, of the observations hitherto made, are explicable on these principles, which, not to extend this part of the Essay beyond its due limits, I here omit.


  The retreat of the sea appears to have continued through the rifts already mentioned, or possibly through others subsequently made, probably until a few centuries before the deluge. Its cessation long before the deluge I infer from the hardness which the mountains must have acquired to withstand the shocks they must have underwent during that catastrophe. To acquire this hardness a long period of time was necessary, both for their desiccation and the infiltration of those particles to which the strata of secondary mountains owe their solidity.


  I do not by this pretend that the secondary strata had not acquired a certain degree of solidity in a few minutes, even after their deposition, and consequently long before their emersion; on the contrary, this must soon have been acquired in the same manner as we find calcareous deposits to harden at the bottom of salt-pans, and teakettles, while full of liquor, and tartar in hogsheads of wine, and pouzzolana mortar, &c. but this hardness is moderate in comparison of that which they acquired by desiccation and continued infiltration, as we daily experience in moist limestone quarries, where though the stone is originally hard, yet it becomes much harder when dried. The induration effected by infiltration is still more considerable, as by it the minuter particles of bodies are conveyed into the minutest interstices. Hence we see that traps and basaltic pillars are always harder at the bottom than at the top, Cronst. § 267, and the upper strata of limestone, particularly of that species called freestone, are always softer near the surface of the quarry than at a greater depth; that such infiltration is not an imaginary process, let it be explained how it may, and consequently that the hardness of the lower strata does not proceed merely from the pressure of the upper, appears by an elegant observation of M. Werner's, that where various strata of a different nature occur, the petrifactions that are found in the inferior, are frequently filled with the matter of the superior instead of that of the stratum which contains them, Wedem, Umwandl. 118. The petrified shells found in clay or argillites are commonly compressed and flatted, as Mr. Bergman remarks, as argil hardens by contraction, but those found in limestone retain their primitive shape, as these harden chiefly by infiltration.


  I now proceed to the Mosaic account of these events, "In the beginning God created the heaven and the earth," that is to say, the first event in the history of this globe was its creation, and that of all the planets then known.


  "And the earth was without form and void," that is to say, that the earth at the time of its creation was without form, &c. therefore another terraqueous globe did not previously exist in a complete state out of the ruins of which the present earth was formed, as some have lately imagined; without form and void the Hebrew has Tohu and Bohu. Ainsworth remarks that Tohu signifies a state of confusion, and Bohu a state of vacuity; see Pool's Synopsis. That is to say, that the earth was partly in a chaotic state, and partly full of empty cavities, which is exactly the state, which from the consideration of the subsequent phenomena, I have shewn to have been necessarily its primordial state.


  "And darkness was on the face of the deep," consequently light did not at first exist. The deep, or abyss, properly denotes an immense depth of water, but here it signifies, as Mede and Estius observe, the mixed or chaotic mass of earth and water.—David, whose knowledge was derived from Moses, and who probably possessed a less abridged copy of Genesis than we do, expressly tells us that the earth was covered with water; "the abyss, like a garment, was its covering." Psalm civ. v. 6.


  Hence we see that the water was from the beginning in a liquid state (and not in that of ice) as I have mentioned; and consequently elementary fire, or the principle of heat, existed from the beginning.


  "And the spirit of God (or rather a spirit of God) moved on the face of the waters;" here spirit denotes an invisible elastic fluid, viz. the great evaporation that took place soon after the creation, as soon as the solids began to crystallize, as I have shewn. Of God, is a well known Hebrew idiom, denoting great; moved, or rather hovered, over the waters. David here mentions a fact which he undoubtedly took from Moses, though omitted in our present copies of Genesis, and this fact is essential to our theory, namely, that "the waters stood above the mountains." Psalm civ. v. 6. Therefore the mountains were formed in the bosom of the waters, as I have stated. Nay, he uses an expression that most probably hath hitherto been ill understood, that "God fixed the earth on its basis, from which it shall not be removed for ever." This appears to me to denote the deposition of the solids contained in the chaotic waters, on the solid kernel of the globe, from whence they should never be removed, nor indeed have they ever since.


  "And God said, Let there be light, and there was light;" here we may observe that facts only, were revealed to Moses or the person (most probably Adam) from whom their tradition descended. The words chosen by Moses, or this person, were such as coincided with his own notions, or were most intelligible to an ignorant people. The phrases, God said, God saw it was good, God called, used in this chapter, are mere anthropological phrases, suited to the conception of those to whom these fact were related, for religious and moral, and not merely for scientific purposes. To men of science their signification could not be ambiguous. "God said," signifying no more than that events naturally possible took place by virtue of the laws of their production, which laws God had established. "God saw it was good," signifies merely that it was good, and the expression "God called," denotes no more than that it received such a name.


  The production of light stands next in the order of events recorded by Moses, as it does in our theory, and most probably denotes the flames of volcanic eruptions, the Hebrew certainly bears this signification. The period of its existence Moses called day, evidently from its resemblance to true days, which could have existed only at a subsequent period, namely after the sun had gained its luminous powers.


  "And God said, Let there be a firmament in the midst of the waters, and let it divide the waters from the waters." Here Moses indicates the production of the atmosphere, the word which in our translation is rendered firmament [18] most properly signifies expanse, or an expanded or dilated substance; than which a more proper name could not surely be chosen for the atmosphere. "To divide the waters from the waters," that is, to separate and contain vapours, which is one principal use of the atmosphere.


  "And God said, Let the waters under the heavens be gathered together in one place, and let the dry land appear, and it was so." This is the fifth event which Moses places in the same order of succession that mere philosophical considerations assign to it.


  The word appear is remarkable, as it seems to denote that the disclosure of the earth was successive, and had not from the beginning fully and completely taken place. The events immediately subsequent I omit, as not relating to geology, and shall only mention the creation of fish, a fact of great importance in the theory of the earth; this, Moses, as well as philosophy, tells us happened after the separation of the waters from the dry land and primitive mountains. He also relates that the creation of land-animals was subsequent to that of fish; a fact which geological observations also indicate, for their remains are always found near the surface of the earth, whereas those of fish are found at the greatest depths. This order of succession is not only allowed by Mr. Buffon, but made one of the principal pillars of his system. 1 Epoque's de la Nature, p. 231, in 8vo.


  Here then we have seven or eight geological facts, related by Moses on the one part, and on the other, deduced solely from the most exact and best verified geological observations, and yet agreeing perfectly with each other, not only in substance but in the order of their succession. On whichever of these we bestow our confidence, its agreement with the other demonstrates the truth of that other. But if we bestow our confidence on neither, then their agreement must be accounted for. If we attempt this, we shall find the improbability that both accounts are false, infinite; consequently one must be true, and, then, so must also the other.


  That two accounts derived from sources totally distinct from and independent on each other should agree not only in the substance but in the order of succession of two events only, is already highly improbable, if these facts be not true, both substantially and as to the order of their succession. Let this improbability, as to the substance of the facts, be represented only by 1/10 then the improbability of their agreement as to seven events is (1/10)7 that is, as one to ten million, and would be much higher if the order also had entered into the computation.


  ESSAY II. ON THE DELUGE.


  HAVING, I flatter myself, established, in the preceding Essay, the credit due to Moses on mere philosophic grounds and abstracting from all theological considerations, I shall not scruple taking him as a guide as far as his testimony reaches, in tracing the circumstances of the most horrible catastrophe to which the human and all animal species, and even the terraqueous globe itself, had at any period since its origin been exposed. His testimony is indeed in substance confirmed by the traditions of many ancient nations, which may be seen in Grotius de Veritate, Huet Quest. Alnet, lib. ii. chap. xii. Euseb. Prep. Evang. lib. ix. &c. and therefore needless to adduce; it is more to our purpose to prove it by geological facts, of which there are some that seem to me perfectly conclusive.


  1st, According to Don Ulloa, shells were found on a mountain in Peru at the height of 14220 feet, 2 Buff. Epoque, 268. Mem. Par. 1771, p. 439, in 8vo. 1 Gentil Voy. 116, in 8vo. Now I have already shewn, in the former Essay, that no mountains higher than 8500 feet were formed since the creation of fish, or, in other words, that fish did not exist until the original ocean had subsided to the height of eight thousand five hundred feet above its present level. Therefore the shells found at more elevated stations were left there by a subsequent inundation. Now an inundation that reached such heights could not be partial, but must have extended over the whole globe.


  2dly, The bones of elephants and of rhinoceri, and even the entire carcase of a rhinoceros have been found in the lower parts of Siberia. As these animals could not live in so cold a country, they must have been brought thither by an inundation from warmer and very distant climates, betwixt which and Siberia mountains above nine thousand feet high intervene [19]. It may be replied that Siberia, as we have already shewn, was not originally as cold as it is at present; which is true, for probably its original heat was the same as that of many islands in the same latitude at this day, but still it was too cold for elephants and rhinoceri, and between the climates which they might have then inhabited, and the places they are now found in, too many mountains intercede to suppose them brought thither by any other means but a general inundation. Besides, Siberia must have attained its present temperature at the time these animals were transported, else they must have all long ago putrified.


  3dly, Shells known to belong to shores under climates very distant from each other are in sundry places found mixed promiscuously with each other; one sort of them, therefore, must have been transported by an inundation; the promiscuous mixture can be accounted for on no other supposition.


  These appear to me the most unequivocal geologic proofs of a general deluge. To other facts generally adduced to prove it, another origin may be ascribed; thus the bones of elephants found in Italy, France, Germany, and England, might be the remains of some brought to Italy by Pyrrhus or the Carthaginians, or of those employed by the Romans themselves; some are said to have been brought to England by Claudius. 4 Phil. Trans. Abr. 2d part, 242. When these bones, however, are accompanied with marine remains, their origin is no longer ambiguous. Thus also the bones and feeth of whales, found near Maestricht, are not decisively of diluvian origin, as whales have often been brought down as low as lat. 48°. 34 Roz. 201. Nay sometimes they strike on the coast of Italy. 1 Targioni Tozzetti 386.


  Yet, to explain the least ambiguous of these phenomena, without having recourse to an universal deluge, various hypotheses have been framed.


  Some have imagined that the axis of the earth was originally parallel to that of the ecliptic, which would produce a perpetual spring in every latitude, and consequently that elephants might exist in all of them. But the ablest astronomers having demonstrated the impossibility of this parallelism, it is unnecessary to examine its consequences; it only deserves notice that the obliquity of the equator is rather diminishing than increasing. See La Lande in 44 Roz 212. Besides, why are these bones accompanied by marine remains? Others, from the nutation of the earth's axis, have supposed that its poles are continually shifting, and consequently that they might have originally been where the equator now is, and the equator where the poles now are; thus Siberia might have, in its turn, been under the equator. But as the nutation of the earth's axis is retrogressive every nine years, and never exceeds ten degrees, this hypothesis is equally rejected by astronomers. 44 Roz 210 Bergm. Erde Kugel 305. The pyramids of Egypt demonstrate that the poles have remained unaltered these three thousand years.


  The 3d hypothesis is that of Mr. Buffon, to which the unfortunate Bailly has done the honour of acceding; according to him the earth, having been originally in a state of fusion, and for many years red hot, at last cooled down to the degree that rendered it habitable. This hypothesis he was led to imagine from the necessity of admitting that the globe was, at least to a certain distance beneath its surface, originally in a soft state; the solution of its solid parts in water he thought impossible, falsely imagining that the whole globe must have been in a state of solution, whereas the figure of the earth requires the liquidity of it only a few miles beneath its surface. Epoques, 10 and 35. If he had trod the path of experiments he would have found both the hardness and transparency, of what he calls his primitive glass, and thinks the primitive substance of the globe, namely, quartz, to be altered in a strong heat with the loss of 3 per cent. of its weight, and that so far from having been a glass, that it is absolutely infusible. The loss of weight, he must have seen, could be ascribed to nothing else but the loss of its watery particles, and that, therefore, it must have been originally formed in water; he would have found that some felspars lose 40 per cent. and others at least 2 per cent. by heat; he would have perceived that mica, which he thinks only an exfoliation of quartz, to be in its composition essentially different. He certainly found their crystallization inexplicable, for he does not even attempt to explain it.


  But waving this, and a multitude of other insuperable difficulties in his hypothesis, and adverting only to the solution he thinks his theory affords, of the phenomenon of the existence of the bones of elephants, and the carcase of a rhinoceros in Siberia, I say it is defective even in that respect. For allowing his supposition that Siberia was at any time of a temperature so suited to the constitution of these animals that they might live in it, yet the remains lately found in that country cannot be supposed to belong to animals that ever lived in it.


  1st, Because though they are found at the distance of several hundred miles from the sea, yet they are surrounded by genuine marine vegetables, which shews that they were brought thither together with those vegetables.


  2dly, Because they are generally found in accumulated heaps, and it is not to be imagined that while alive they sought a common burial place no more than they at present do in India.


  3dly, Because the rhinoceros was found intire and unputrified, whereas if the country was warm when he perished this could not have happened.


  4thly, Because in no very distant latitude [20], namely, that of Greenland, the bones of whales, and not of elephants, are found on the mountains, consequently that latitude must have been in that ancient period sufficiently cold to maintain whales, as it is at this day; and that cold we know to be very considerable, and incompatible with the proximity of a climate suited to elephants. 17 N. Comment. Petropol. 576. 1 Ad. Petrop. 55. Renov. 73. Therefore the animals whose remains are now found in Siberia could not have lived in it.


  The 4th hypothesis is that of Mr. Edward King, but much amplified and enlarged by Mr. De Luc. This justly celebrated philosopher is of opinion that the actual continents were, before the deluge, the bottom or bed of the ancient ocean, and that the deluge consisted in the submersion of the ancient continents, which consequently form the bottom or bed of our actual oceans, consequently our actual mountains were all formed in the antediluvian ocean, and thus shells might be left on their highest summits.


  In this hypothesis the ancient continents must have existed in those tracts now covered by the Atlantic and Pacific oceans; if so, I do not see how the elephants could have been brought into Siberia, or a whole rhinoceros found in it: For Siberia being then the bottom of some Ocean, the sea must have moved from it to cover the sinking continents, instead of moving towards it, to strew over it their spoils.—If it be said that these animals were carried into the sea before the flood, then, assuredly, the rhinoceros should have been devoured, and only his bones left.


  To say nothing of the incompatibility of this system with the principal geologic phenomena mentioned in my former Essay, and of the destruction of at least all the graminivorous fish that must have followed from their transfer to a soil not suited to them, it is evidently inconsistent with the Mosaic account of this catastrophe, which account these philosophers, however, admit.


  Moses ascribes the deluge to two principal causes, a continual rain for forty days, and the eruption of the waters of the great abyss. Now to what purpose a rain of forty days to overwhelm a continent that was to be immersed under a whole ocean? He tells us the waters increased on the continents a certain number of days, rested thereon another period of days, and then returned. Do not these expressions imply a permanent ground on which they increased and rested, and from which they afterwards retreated? As the retreat followed the advance, is it not clear that they retreated from the same spaces on which they had before advanced and rested?


  Mr. De Luc replies, that in the 13th verse of the 6th chapter of Genesis, it is said the earth should be destroyed, and that Mr. Michaelis so translates it. However it is plain, from what has been just mentioned, that Moses did not understand such a destruction as should cause it to disappear totally and for ever; he tells us that the waters stood 15 cubits over the highest mountains; now as he has no where mentioned the antediluvian mountains, but has the postdiluvian, it is plain that it is to these his narration relates, and these, he tells us, were at the time of the deluge covered with water, and uncovered when the waters diminished; he never distinguished the postdiluvian from the antediluvian, and therefore must have considered them as the same.


  Nor did Noah himself believe the ancient continents destroyed, for he took the appearance of an olive branch to be a sign of the diminution of the flood. This he certainly believed to have grown on the ancient continent, and could not expect it to have shot up from the bottom of the sea.—M. De Luc tells us that this olive grew on an antediluvian island, and that these islands, being part of the antediluvian ocean, were not flooded—it is plain, however, Noah did not think so, else he would not judge the appearance of the olive-to be a sign of the diminution of the waters.—Where is it mentioned, or what renders it necessary to infer that islands existed before the flood? If islands did exist, and were to escape the flood, so might their inhabitants also, contrary to the express words of the text.


  It would surely be much more convenient for Noah, his family, and animals, to have taken refuge in one of them, than to remain pent up in the ark.


  The dove, Moses tells us, returned the first time she was let out of the ark, finding no place whereon to rest her foot; she consequently could not discover the island, whereas the raven never returned, plainly because he found carcasses whereon to feed, therefore these carcasses were not swallowed up, as Mr. De Luc would have it. Moses tells us that at the cessation of the flood the fountains of the deep were stopped or shut up; therefore, in his apprehension, instead of the ancient continents sinking into the deep, the waters of the abyss flowed from their sources upon that continent and again returned; from all which it follows that this hypothesis is as indefensible as the foregoing.


  Passing over the systems of Burnet, Woodward, and Whiston, which have been repeatedly refuted, I recur to the account of this great revolution given by Moses himself, taken in its plain literal sense, as the only one that appears perfectly consistent, with all the phenomena now known, of which I shall find occasion to mention many; he plainly ascribes it to a supernatural cause, namely the express intention of God to punish mankind for their crimes. We must therefore consider the deluge as a miraculous effusion of water, both from the clouds and from the great abyss; if the waters, situated partly within and partly without the caverns of the globe, were once sufficient to cover even the highest mountains, as I have shewn in the former Essay, they must have been sufficient to do so a second time when miraculously educed out of those receptacles.


  Early geologists, not attending to these facts, thought all the waters of the Ocean insufficient; it was supposed that its mean depth did not exceed a quarter of a mile, and that only half of the surface of the globe was covered by it; on these data Keil computed that twenty-eight oceans would be requisite to cover the whole earth to the height of four miles, which he judged to be that of the highest mountains, a quantity at that time considered as extravagant and incredible, but a further progress in mathematical and physical knowledge has since shewn the different seas and oceans to contain at least forty-eight times more water than they were supposed to do.


  Mr. De La Place, calculating their average depth, not from a few vague and partial soundings, for such they have ever been (the polar regions having been never sounded, particularly the Antarctic), but from a strict application of the theory of tides to the height to which they are known to rise in the main ocean, demonstrates that a depth, reaching only to half a league, or even two or three leagues, is incompatible with the Newtonian theory, as no depth under four leagues can reconcile it with the phenomena [21].—The vindication of the Mosaic history does not require near so much. The extent of the sea is known to be far greater than Keil supposed, that of the earth scarcely passing 1/3 of the surface of the globe, 1 Lulolff, p. 233, § 244.


  The possibility and reality of the deluge being thus established, I shall next endeavour to trace its origin, progress, and still permanent consequences. That it originated in and proceeded from the great southern Ocean below the equator, and thence rushed on the northern hemisphere, I take to be a natural inference from the following facts:


  1st, The southern Ocean is the greatest collection of waters on the face of the globe [22].


  2d, In the northern latitudes beyond 45° and 55° we find the animal spoils of the southern countries, and the marine exuviae of the southern seas, but in the southern latitudes we find no remains of animals, vegetables or shells belonging to the northern seas, but those only that belong to the neighbouring seas. Thus in Siberia, to return to the already frequently mentioned phenomenon, we find the remains of elephants and rhinoceri accompanied by marine vegetables, and also with shells that do not belong to the northern ocean. 1 Epoques, 418. 1 Act. Petropol. 55. They must therefore have been conveyed thither by the more distant Indian sea overflowing these parts; as the elephants very naturally crowded together on the approach of the inundation, they were conveyed in flocks, and hence their bones are found in accumulated heaps, as should be expected [23]. But in Greenland, which is still more distant, only the remains of whales are found on the mountains. Crantz Histoire Generale des Voy. vol. xix. 105. So in the southern latitudes, as at Talcaguana in Chili, latitude 36° S. the shells found on the tops of the hills are those of the neighbouring sea 2 Ulloa Voy. p. 197. So those found on the hills between Suez and Cairo are the same as those now found in the Red Sea. Shaw's Voyages, vol. ii. and those that exist in the calcareous rocks that serve as a basis to Egypt, are such as are found in the neighbouring seas. Volney Egypt, 8, 9.


  3dly, The traces of a violent shock or impression from the south are as yet perceptible in many countries. This Mr. Patrin attests as to the mountains of Dauria on the south east limits of Siberia; he tells us that the more eastern extremities of the mountains appear to be broken off by the impetuosity of an ancient Ocean rushng from east to west; that the fragments carried to the west in some measure protected the more western. 38 Roz. 230. 238. And that in general the mountains of this country were so disordered (by the shock) that the miners are obliged to work at hazard. Ibid. 226. Steller makes the same remarks on the mountains of Kamschatka, 51 Phil. Trans. Part ii. p. 479. and observed that the S. end of Bering's island is much more shattered than the N. extremity, 2 Nov. Nord. Beytr. 262. Storr, Hoepfner, and Saussure, inform us that the inundation that invaded Swisserland proceeded from the south, but its impression was modified by another event which I shall presently mention. 1 Helvet. Mag. 173. 175. and 293. 4 Helvet. Magaz. 307. Lasius tells us that the mountains of the Hartz suggest the same inference. Hartz. 95. Many of the fish found on the slates of La Bolca are those of the South Sea. 5 Ir. Accad. 288.


  4thly. The very shape of the continents which are all sharpened towards the south, where washed by the southern Ocean, indicate that so forcible an impression was made on them as nothing but the mountains could resist, as the Cape of Good Hope, Cape Cormorin, the southern extremity of New Holland, and that of Patagonia; Foster's Observations, p. 11, 12.


  To these geological proofs perhaps I may be permitted to add the tradition of the orthodox Hindus, that the globe was divided into two hemispheres, and that the southern was the habitation of daemons that warred upon the gods. 3 Asiatic Researches, 51 and 52. This war is commonly thought to be an allegorical Description of the flood, and hence the olive branch, denoting a diminution of the flood, became a symbol of peace.


  Did not Noah reside on the borders of the southern Ocean, otherwise he could not see that the great abyss was opened? and did not an inundation from the south-east drive the ark north-west to the mountains of Armenia? These conjectures are at least consistent with the most probable notions of the primitive habitation of man, which I take to be near the sources of the Ganges, (as Josephus expressly mentions) the Bourampooter and the Indus, from which, as the temperature grew colder, mankind descended to the plains of India.


  This unparalleled revolution, Moses informs us, was introduced by a continual rain for forty days. By this the surface of the earth must have been loosened to a considerable depth; its effects may even have been in many instances destructive; thus in August, 1740, several eminences were swept away, nay the whole mountain of Lidsheare, in the province of Wermeland in Sweden, was rent asunder by a heavy fall of rain for only one night. 27 Sechwed. Abhand, 93. This loosening and opening of the earth was in many places, where the marine inundation stagnated, an useful operation to the soil subsequently to be formed, as by these means shells and other marine exuviae were introduced into it which rendered it more fertile. By this rain also, the salt water was diluted, and its pernicious effects both to soil and fresh water fish in great measure prevented. The definition of animals served the same purposes, and might, in many instances, be necessary to fertilize a soil produced by the decomposition of primary mountains; from the animals thus destroyed the phosphoric acid found in many ores may have originated.


  But the completion of this catastrophe was undoubtedly effected, as Moses also states, by the invasion of the waters of the great abyss, most probably, as I have said, that immense tract of Ocean stretching from the Philipine islands, or rather from the Indian continent on the one side to terra firma on the other, and thence to the southern pole; and again from Buenos Ayres to New Holland, and thence to the pole.—Tracing its course on the eastern part of the globe, we shall see it impelled northwards with resistless impetuosity against the continent which at that time probably united Asia and America. 1 Physical. Arbeit, p. 13. 1 Nev. Nord. Beytr. 278 and 294. This appears to have been torn up and swept away (except the islands that still remain, some of which are primitive mountains, and seem torn from the continent. Staunton's Voy. to China, 4to. p. 310.) as far north as latitude 40°; its further progress appears to have been somewhat checked by the lofty mountains of China and Tartary, and those on the opposite American coast; here then it began to dilate itself over the collateral countries; the part checked by the Tartarian mountains forming, by sweeping away the soil, the desart of Coby, while the interior or middle torrent pressed forward to the pole; but the interior surge being still more restricted by the contiguous, numerous, and elevated mountains of eastern Siberia and America, must at last have arisen to a height and pressure which overbore all resistance, dashing to pieces the heads of those mountains, as Patrin and Steller remark, and bearing over them the vegetable and animal spoils of the more southern, ravaged or torn up continents, to the far extended and inclined plains of western Siberia, where its free expansion allowed it to deposit them. Hence the origin of the bones and tusks of elephants and rhinoceri found in the plains, or inconsiderable sandy or marly eminences in the north western parts of Siberia, as Mr. Pallas rightly judges.


  If now, returning to the south, we contemplate the effects of this overwhelming invasion on the more southern regions of India and Arabia, we shall, where the coasts were undefended by mountains, discover it excavating the gulphs of Nanquin, Tonquin, and Siam, the vast Bay of Bengal, and the Arabic and Red Seas. That the southern capes, promontories, and headlands, were extenuated to their present shape by the deluge, and not by tides or the currents still observed in those seas, may be inferred from the inefficacy of those feebler powers to produce any change in them for many past centuries.


  The chief force of the inundation seems to have been directed northwards in the meridians of from 110 to 200 east of London. In the more western tracts it appears to have been weaker; the plains of India I suspect to have been less ravaged, or perhaps their subsequent fertility may have been occasioned by the many rivers by which that happy country is watered. Not so those of Arabia; their solid basis, resisting the inundation, was obliged to yield its looser surface, and remains even now a sandy desart, while the interior more mountainous trails, intercepting, and thus collecting, the washed off soil, are, to this day, celebrated for their fertility, 2 Niebuhr, 45 and 320. Irish edition. To a similar transportation of the ancient vegetable soil, the vast sandy desarts of Africa, and the barrenness of most of the plains of Persia, may be attributed.


  The progress of the Siberian inundation once more claims our attention; that it must have been here for some time stationary may be inferred from its confinement between the Altaischan elevation on the south, and the Ouralian mountains on the west, and the circumpolar mountains on the side of Greenland. Hence the excavations observed on the northern parts of the former, and the abrupt declivities on the eastern flanks of the latter, while the western discover none. New reinforcements from the south-east must at length have surmounted all obstacles; but the subsequent surges could not have conveyed such a quantity of shells or marine productions as the first, and hence, though many are found on the more northern plains, scarce any are found on the great Altaischan elevation.


  The mass of waters now collected and spread over the Arctic regions, must have descended partly southwards over the desarts of Tartary, into countries with which we are too little acquainted to trace its ravages, but from the opposition it must have met in these mountainous trails, and the repercussion of their craggy sides, eddies must have been formed to which the Caspian, Euxine, and other lakes may have owed their origin. Part also must have extended itself over the vast tracts west of the Ourals, and there expanded more freely over the plains of Russia and Poland down to latitude 52° where it must have met with and be opposed by the inundation originating in the western parts of the Pacific Ocean, this side the Cape of Good Hope, and thence impelled northwards and west wards in the same manner as the eastern inundation already described, but with much less force, and sweeping the continents of South America (if then emerged) and of Africa, conveying to Spain, Italy, and France, and perhaps still farther north, elephants and other animals, and vegetables hitherto supposed partly of Indian and partly of American origin.


  That the course here assigned is not imaginary, appears from the shells, vegetables, and animal remains of those remote climates, still found in Europe, and from the discovery both of the European and the American promiscuously mixed with each other at Fez. 1 Bergman Erde Kugel, 252. 249.


  So in Germany, Flanders, and England, the spoils of the northern climates, and those of the southern also, are equally found; thus the feeth of arctic bears, and bones of whales, as well as those of animals of more southern origin, have been discovered in those parts, Saussure also has found traces in Swisserland of an inundation from the north. 7 Sauss. 216.


  The effect of the encounter of such enormous masses of water, rushing in opposite directions, must have been stupendous, it was such as appears to have shaken and shattered some of the solid vaults that supported the subjacent strata of the globe. To this concussion I ascribe the formation of the bed of the Atlantic from latitude 20° south up to the north pole. The bare inspection of a map is sufficient to shew that this vast space was hollowed by the impression of water; the protuberance from Cape Frio to the river of the Amazons, or La Plata in South America, corresponding with the incavation on the African side from the river of Congo to Cape Palmas; and the African protuberance from the Straits of Gibraltar to Cape Palmas, answering to the immense cavity between New York and Cape St. Roque. The depression of such a vast tract: of land cannot appear improbable when we consider the shock it must have received, and the enormous load with which it was charged. Nor is such depression and absorption unexampled, since we had frequent instances of mountains swallowed up, and some very lately in Calabria [24].


  The wreck of so considerable an integrant part of the globe must of necessity have convulsed the adjacent still subsisting continents previously connected with it, rent their stony strata, burst the still more solid masses of their mountains, and thus in some cases formed, and in others prepared, the insular state to which these fractured tracts were reduced; to this event, therefore, I think, may be ascribed the bold, steep, and abrupt western coasts of Ireland, Scotland, and Norway, and the numerous isles that border them, as well as many of those of the West Indies 2 Wms. 162. The Britannic islands seem to have acquired their insular state at a later period, though it was probably prepared by this event; but the basaltic masses on the Scotch and Irish coasts, and those of Feroe, appear to me to have been rent into pillars by this concussion.


  During this elemental conflict, and the crash and ruin of the submerged continent, many of its component parts must have been reduced to atoms, and dispersed through the swelling waves that usurped its place. The more liquid bitumens must by the agitation have intimately mixed with them. They must also have absorbed the fixed air contained in the bowels of the sunk continent; and further, by this vast continental depression, whose derelinquished space was occupied by water, the level of the whole diluvial ocean must have been sunk, and the summits of the highest mountains must then have emerged. In this state of things it is natural to suppose that if iron abounded in the submerged continent, as it does at this day in the northern countries of Sweden, Norway, and Lapland adjacent to it, its particles may have been kept in solution by the fixed air, and the argillaceous, siliceous, and carbonaceous particles may have been long suspended. These muddy waters mixing with those impregnated with bitumen, the following combinations must have taken place: 1º. If carbonic matter was also contained in the water, this uniting to the bitumen, must have run into masses no longer suspensible in water, and formed strata of coal. 2do The calces of iron by the contact of bitumen were in great measure gradually reduced, and together with the argillaceous and siliceous precipitated on the summits of several of the mountains not yet emerged, and thus formed basaltic masses, that, during desiccation, split into columns; in other places they covered the carbonaceous masses already deposited, and by absorbing much of their bitumen rendered them less inflammable, and hence the connexion which the sagacious Werner observed between basalts and coal. The fixed or oxygen air, erupting from many of them, formed those cavities, which being filled by the subsequent infiltration of such of their ingredients as were superfluous to their basaltic state, formed calcedonics, zeolytes, olivins, basaltines, spars, &c. Hence most of the mountains of Sweden that afford iron, afford also bitumen [25]. Hence also the asphalt found with Trap [26] and under basalts [27], and in balls of calcedony found in Trap [28].


  This I take to be the last scene of this dreadful catastrophe, and hence shells are seldom found in these basalts, they having been previously deposited, though some other lighter marine vegetable remains have sometimes been found in them [29]; some argillaceous or sandstone strata may also have been deposited at this period.


  On this account, however, of the formation of the basalts which crown the summits of several lofty peaks, I lay no more stress than it can justly bear; I deliver it barely as an hypothesis more plausible than many others.


  It has been objected to the Mosaic account that the countries near Ararat are too cold to bear olive trees. Toumfort, who first made this objection, should recollect, that at this early period, the Caspian and Euxine seas were joined, as he himself has well proved. This circumstance surely fitted a country lying in the 38th degree of latitude to produce olives (which now grow in much higher latitudes) at present chilled only by its distance from the sea.


  A more plausible objection arises from the difficulty of collecting and feeding all the various species of animals now known, some of which can exist only in the hottest, and others only in the coldest climates; it does not however appear to me necessary to suppose that any others were collected in the ark but those most necessary for the use of man, and those only of the graminivorous or granivorous classes, the others were most probably of subsequent creation. The universality of the expressions, Gen. chap. i. ver. 19. "Of every living thing, of all flesh, two of every sort shalt thou bring into the ark," seem to me to imply no more than the same general expressions do in Gen. chap. i. ver. 30. "and to every beast of the earth, and to every fowl of the air, have I given every green herb for meat;" where it is certain that only graminivorous animals are meant. At this early period ravenous animals were not only not necessary but would have been even destructive to those who had just obtained existence, and probably not in great numbers. They only became necessary when the graminivorous had multiplied to so great a degree that their carcasses would have spread infection. Hence they appear to me to have been of posterior creation; and to this also I attribute the existence of these that are peculiar to America and the torrid and frigid zones.


  The atmosphere itself must have been exceedingly altered by the consequences of the flood. Soon after the creation of vegetables, and in proportion as they grew and multiplied, vast quantities of oxygen must have been thrown off by them into the then existing atmosphere without any proportional counteracting diminution from the respiration or putrefaction of animals, as these were created only in pairs, and multiplied more slowly; hence it must have been much purer than at present; and to this circumstance, perhaps, the longevity of the antediluvians may in great measure be attributed. After the flood the state of things was perfectly reversed, the surface of the earth was covered with dead and putrifying land animals and fish, which copiously absorbed the oxygenous part of the atmosphere and supplied only mephitic and fixed air; thus the atmosphere was probably brought to its actual state, containing little more than one-fourth of pure air and nearly three-fourths of mephitic. Hence the constitution of men must have been weakened and the lives of their enfeebled posterity gradually reduced to their present standard. To avoid these exhalations it is probable that the human race continued for a long time to inhabit the more elevated mountainous tracts. Domestic disturbances in Noah's family, briefly mentioned in holy writ, probably induced him to move with such of his descendants as were most attached to him, to the regions he inhabited before the flood, in the vicinity of China, and hence the early origin of the Chinese monarchy.


  ESSAY III. OF SUBSEQUENT CATASTROPHES.


  A SHOCK so violent and universal as that which pervaded the globe during the diluvian revolution must have produced not only innumerable alterations in the whole extent of its surface, endless to detail (and belonging rather to the natural history of its particular geographic divisions than to a general survey of the whole), but also have prepared, by loosening its basis, many other changes that took effect some centuries after, as I have already hinted; of these, however, some are so important, by their connexion either with the past transactions of the inhabitants of the globe, or with the actual external appearance or subterraneous state of the countries with which we are best acquainted, that they cannot be totally passed over in silence; such are the total separation of Asia from America, the coarctation of the Baltic, the separation of the Caspian from the Black Sea, and the junction of this with the Mediterranean, and of the Mediterranean with the Ocean; and, lastly, the separation of Ireland from Britain, and of Britain from the Continent.


  These events are either totally omitted by historians, or only slightly mentioned by that history, from its mixed nature, stiled fabulous; in such cases imagination has commonly taken up the pen of the historian, but possessing neither the inclination nor the talents necessary for converting natural history into romance, the account I shall give of them must be very short, and such as is suggested by the most probable traditions or actual appearances.


  1°. Of the separation of Asia from America, we have no traditional account; it is certain, however, that they were once joined, as the inhabitants of the former passed into the latter; they still approach each other very nearly in the northern parts, and the intermediate space is filled with islands. The junction immediately after the flood I stated in my former Essay to have reached so low as latitude 40°, because I find America peopled by nations of different characters, degrees of civilization, and languages; such varieties could scarcely occur among a people inhabiting the same climate, and formed to the same habits. As Cain was originally banished from his brethren, so I imagine malefactors anciently were into the colder deserted climates, by their civilized brethren in Asia, and thus the Esquimaux originated, that are equally found in both continents, and other savages; and hence the predatory disposition of the Scythian tribes. That the postdiluvian junction did not reach lower than latitude 40°, I infer from the absence of elephants from the warmer regions of America.


  The utter separation of both continents was most probably the effect of excavations by volcanoes; at least this cause is adequate to such an effect, and it still exists in the most northern parts. The superior fertility of the western coast of America may arise from the lavas ejected on that coast.


  2d. That the Baltic in all its branches was anciently much more extended than at present, many reasons induce us to believe; but principally the state in which we at present find the immense plains of Southern Russia from Petersburgh to Pultowa.


  These plains for some hundred miles to the south of Petersburgh are still a morass, and farther southwards they are covered with sand, pebbles, and petrified shells [30]. This water is not, indeed, salt, but neither was the Baltic so originally, and is but slightly so at present, for it seems to have been formed by the confluence of the various rivers that flow into it, which at last burst a passage into the German sea; by communication with this it became salt. At present there are three passages by which they communicate, at first probably but one; to the opening of the two last the reduction of this sea to its present limits is owing.


  3d, The ancient communication between the Caspian, the Lake of Aral, and the Black Sea, before the opening of the Thracian Bosphorus, which enabled these seas to discharge themselves into the Mediterranean, is rendered highly probable, if not demonstrated, by Pallas, 3 Pallas Reise, 368. He observed, that between the rivers Sarpa and Volga, from Zarzycin down to the Caspian Sea, the land slopes with considerable indentures and abrupt promontories as if it had been an ancient coast, and continues on the same level on the east of the Wolga in the sandy desert of Narym, and in the more southern steppes or deserts between the Wolga and the Jaick or Ural. The shells which abound in this extensive flat exactly resemble those of the Caspian, and are different from those of the adjacent rivers; these deserts are moreover covered with sand, contain abundance of salt and salt lakes, and produce only such vegetables as grow on salt marshes; whereas the upland that borders this flat contains a genuine black fertile soil, and no shells resembling those of the Caspian, but only those of ancient date, such as those found in other countries, and of the sorts called Pelagicae that belong to the deepest seas. Hence he collects that the level of the Caspian before it was reduced to its present limits was ninety feet higher than at present; thus it was enabled to communicate with the Euxine by the sea of Asoph, In this state it must have remained from the period of the deluge until about 1800 years before our AEra, the most probable date of the separation of these seas, as Mr. Foster has shewn in a learned memoir in the Gottingen Magaz. 1780. p. 140.


  Buffon pretends the rupture of the isthmus that separated this sea from the Mediterranean preceded the deluge mentioned by Moses, merely it should seem to contradict that most authentic historian, for he assigns no reason independent of his own hypothesis, and is destitute of the support even of the most fabulous tradition. 1 Epoques, 8vo, p. 291.


  The rupture of the isthmus was probably sudden and total, and consequently effected by an earthquake. To discover its effects, we must first consider the antecedent state of the Mediterranean:


  The Mediterranean, before its union with the Black Sea and the Ocean, was most probably a bason much narrower and shallower than at present; for though it received several considerable rivers, the Nile, the Rhone, and the Po [31], yet since even now evaporation from its surface is sufficient to prevent it from overflowing, not withstanding that the Ocean on the one side, and the Euxine on the other, flow into it, we may well suppose that when it communicated with neither, evaporation kept its level much lower; when, therefore, by the rupture of the Thracian isthmus on the one side, and of the African which joined Ceuta with Gibraltar on the other, the waters of both were poured in upon it, an immense pressure took place on its bed, under which it sunk and fell into the inferior cavity of the globe; during this tremendous tumult the islands of Sicily, Sardinia, Corsica, and those of the Archipelago were torn off, and Italy was lengthened to its present shape. Fortis Dalmatia, 173. The neighbouring shores of France and Spain, and more especially those of Africa as being much lower, and those of Greece and Asia, must have been inundated to a great extent, and hence the saline substances still existing in the adjacent parts of Africa, &c.


  As the southern parts of Italy still abound in sulphur and other inflammable substances, so probably did the contiguous parts of the bed of the Mediterranean, and by the immense friction which they must have suffered during this fall and the hollows that interceded the abrupted masses the first subterraneous fires might have been kindled and the beds of the actual volcanoes prepared, which however did not probably acquire sufficient strength to burst through the incumbent earthy strata until some ages after, as I conjecture from the silence of Homer with respect to AEtna, whose wonders, had they existed in his time, he probably would not have overlooked.


  The separation of Sicily from Italy is vouched by ancient traditions, as may be seen in Pliny, Ovid, and Claudian.


  Zancle quoquc juncta suisse


  Dicitur Italiae, donec confinia pontus


  Abstulit, & media tellurem reppulit unda.


  Ovid. Metam. Lib. 15. v. 290.


  Trinacria quondam


  Italiae pars una suit, sed pontus & aestus


  Mutavere situm, rupit confinia Nereus


  Victor, & abseisso interluit aequore montes. Claudian. De Rapt. Proserp. Lib. 1.


  The steep abrupt coasts from Genoa to Leghorn, described by Ferber in his twenty-second letter, must be ascribed to the rupture of the strata, as tides, scarcely sensible in this sea, cannot be even suspected of having acted so powerfully upon them. The rapidity of the Rhone, and of most of the rivers that fall into this sea on the European side, also indicate the great inclination of the strata of the interior countries towards it, a natural consequence of the depression of their primitive support. The mountains of Swisserland discover also vestiges of a shock on the south east, as I have already noticed, the detail of which I leave to the many excellent geologists of that country.


  The communication of the Euxine with the Ocean by means of the Mediterranean, being thus formed, its level gradually subsided, the canal which joined it with the Caspian dried up; as few great rivers fall into this (only the Wolga and the Ural) it was soon reduced by evaporation to its present level, which is said to be lower than that of any other sea, and thus the salt deserts that border it, were formed, and its separation from the Aral effected.


  5°. The entire separation of Great Britain from the Continent must have happened long after the deluge, and that of Ireland from Great Britain at a still later period; for wolves and bears were anciently found in both, and these must have passed from the Continent into Britain, and from this into Ireland, as their importation cannot be suspected. These events, as I already said, must have been prepared and have commenced by the shock communicated during the rupture and depression of the bed of the Atlantic. The divulsive force that separated Britain from Germany, seems to have been directed from north to south, but gradually weakened in its progress. Hence that island is sharpened to the northwards, but the impression must have been considerably weakened by the opposition of the granitic mountains that form the Shetland and Orkney Isles. The looser structure of the calcareous or argillaceous and arenaceous materials of the more southern parts offered less resistance, was more easily preyed upon, and gave way to, what is now called, the German ocean, while these materials themselves were spread over Westphalia, &c. or formed the subsoil of Flanders, Holland, and the sand banks on its coast. The rupture of the isthmus that joined Calais and Dover was probably effected by an earthquake at a later period, and gradually widened by tides and currents. Ireland was protected by Scotland from the violence of the northern shock, hence its separation from Scotland appears to have been late and gradual. That from England was probably diluvial and effected by a southern shock.


  All these changes happened at least three thousand six hundred years ago, and I see no reason to think that the general level of the ocean has since been altered, but that of the continents seems to have varied considerably, being in some places higher and in others lower than anciently.


  The depression of continents originates from two causes; the first is the diminution of the waters that anciently pervaded them; the second is the sliding away of the inferior argillaceous strata; to say nothing of causes merely contingent, as earthquakes and inundations. After the deluge, the earth on which it rested 150 days, and from which it very slowly retired, must have been drenched with water; vegetation quickly ensued, and twenty centuries ago most countries are known to have been covered with trees, and many until a much later period; in these circumstances an infinity of small rivulets must have been formed, which poured their streams into the great rivers arising from their confluence; while the surface of the earth was protected by forests from the immediate influence of the sun, the moisture replenishing its interior must have remained. Again, as we see the craggy summits of many of the highest mountains, now decomposing, being corroded by air and moisture, we must suppose that the same causes have operated in the most ancient times, and that previous to their action these summits were much higher, and consequently better fitted for collecting vapours than at present, but in modern times, from the extension of agriculture to countries where it never before was introduced, and the increasing multiplication of mankind, the forests have in great measure disappeared; the earth laid bare yields its waters to evaporation; the mountains lowered, no longer collect or condense the same quantity of vapour, the rivulets cease, or are reduced to rills, and the earth freed from its pervading moisture has naturally sunk to a lower level. Hence most rivers were anciently much more considerable than at present, as we may see by the wide extended vales through which they run, the monuments of their ancient magnitude. Not only bogs have in some instances been known to slide over lower adjacent plains, but even portions of land seemingly more solid. Thus in France, near Meudon, in 1787, a whole side of a hill, covered with trees, descended 50 feet upon, and covered to the height of 70 feet, a neighbouring plain; its descent lasted six years. 43 Roz. 19. It was occasioned by laying bare a bed of clay, which, by imbibing rain was tumefied and loosened. In Bohemia also, so late as the year 1770, a great part of the mountain of Ziegenberg slid down 38 fathom to the Elbe with its trees still standing partly erect: and partly inclined. This was ascribed to the solution of its inferior stratum, an argillaceous sandstone, whose argillaceous part was carried off by rain to which it had incautiously been exposed. Reuss Bohemia, 55 [32].


  In some places the surface of the earth has been elevated by the particles carried down by rain from greater elevations, or the gradual disintegration of the stony substances that covered them, or by various local and contingent events. Hence many remains of antiquity deposited on the ancient surface are now found at considerable depths, particularly in countries long devasted.


  The effects of volcanoes in altering the face of the globe seem to me much more circumscribed than many late writers have asserted: few mountains, and those easily distinguishable, owe their origin to them; neither Vesuvius nor AEtna were formed by them, as is evident by the mass of Neptunian stones that compose them; their effusions seldom reach to a great distance, none above 100 miles. Of ancient volcanoes now extinct, few can be traced by undoubted characters or historic accounts. Sidonius Apollinaris, lib. 7. Epist. 1. mentions one near Vienne in Dauphiné which burned about the year 469; but by his account it is not clear whether it was a volcano or a pseudo volcano; I suspect the latter.


  Tacitus also, at the end of the 13th Book of his Annals, mentions a volcano, or rather pseudo volcano, that ravaged the country of the Jutiones; this is said by many to be that of the Ubians; if so, it must have been in the neighbourhood of Cologn, where some pseudo volcanic remains are traced.


  On no subject have philosophers been less cautious of the delusions of imagination than on this of volcanoes: the astonishment excited by their awful phenomena seems to have affected even the understanding of some of their spectators. The author of many celebrated treatises on volcanoes, lately travelling into Scotland, exclaimed, at the sight of every black stone he met with, that it was lava, as I was informed by one of his companions [33]; even the very excellent Sir William Hamilton has frequently been reduced from the simple path of observation, to which, notwithstanding, he professed to adhere, into the mazes and errors of a baseless system [34]. In a letter to Sir John Pringle, May 1776, he tells us that "Wherever basaltic pillars like those of the Giant's Causeway in Ireland are found, there without doubt a volcano must have existed, for they are mere lava." At present, however, I believe none will pretend that the volcanic origin of these pillars is out of the reach of doubt. He tells us that Vesuvius and AEtna were formed by a series of volcanic eruption [35], though there is no certain proof that the former was so formed, and it is demonstrable that the latter existed as a mountain before it became a volcano. Padre Torre, who has given a good Description of Vesuvius, insists that its primitive stamina, if I may so call them, are not volcanic, but that it should rather be considered as an extension of the Appenines; the number of Neptunian stones it throws up, as may be seen in Gioeni's Lithography of Vesuvius, confirms this opinion; that the calcareous strata are covered to a great depth with lava cannot be doubted, but that the whole mass of Vesuvius consists of volcanic ejections has not been proved; it is said that in sinking a well near the sea shore, beds of lava have been found at great depths, but how easily may have the mother stones of lava, hornblende, and shistose hornblende, be mistaken for lava itself!


  With respect to AEtna there can be no doubt. Dolomieu found immense heaps of sea shells in its north-east flanks at the height of near 2000 feet over the surface of the sea. Hence he justly concludes that this volcano existed as a mountain before it was uncovered by the sea; he adds, that at the height of about, 2400 feet there are regular strata of grey clay filled with marine shells; these strata must then have been deposited while the mountain was a forming under the sea; it contained also, he says, prismatic lava, but the word lava, particularly with the addition prismatic, can now impose on no one [36].


  He farther affirms, that in particular parts of this mountain, calcareous strata exist under the lava.—So also Count Borch, in his Letters on Sicily and Malta, informs us, that the original stone of which AEtna consists is granite mixed with jasper, neither of which, surely, are lava; he says, that it abounds in mines of lead and copper, neither of which are ever found in lava, though their fragments may. This last mentioned geologist pretends that AEtna is at least 8000 years old, which he infers from the beds of vegetable earth which he discovered betwixt different beds of lava. Yet Dolomieu expressly tells us that such earth does not exist between beds of lava, Ponces, 472, and thus destroys the foundation of those calculations that ascribe to the globe an antiquity incompatible with the Mosaic history. Even if vegetable earth were found betwixt beds of lava, yet no conclusion relative to their age could fairly be deduced from that circumstance, as some lavas become fertile much sooner than others. Thus Chevalier Gioanni in 1787 found lavas projected in 1766 in a state of vegetation, while other lavas much more ancient still remained barren. Dolom. Ponces, 493. And in particular, it is well known that beds of volcanic ashes and pumice vegetate sooner than any other [37]


  I have been led into this detail by observing how fatal the suspicion of the high antiquity of the globe has been to the credit of the Mosaic history, and consequently to religion and morality; a suspicion grounded on no other foundation than that whose weakness I have here exposed. M. Dolomieu tells us, that Canon Recupero denied having ever expressed any doubt on that head, and could not conceive why a late celebrated traveller should endeavour to render suspicious the orthodoxy of his belief, So far from having been persecuted on that account, he had a pension from the court of Naples to his death, with many testimonies of esteem and regard. Ponces, 471.


  ESSAY IV. ON LAPIDIFICATION.


  ANY earthy substance whose integrant particles naturally cohere with sufficient force to resist the power of gravity, while one part of them only is supported and cannot be separated by mere scraping with the nail, is called a stone; when they may be separated by the nail, but not by an inferior force, they may be called indurated earths; but this being the limit, substances that thus cohere are also frequently denominated from either extreme, being sometimes called earths, and sometimes stones. When this cohesion is artificially produced, particularly by fire, they are called from the consideration of other properties, brick, porcelain, glass, &c.


  Hence the power of cohesion may be considered as the cause of induration; but this power itself is derived from two sources, namely, the general attraction, or gravitation, of all particles of matter to each other[38], and the specific attraction of the integrant particles of one species of matter, either to each other, or to those of another species; both these sorts of attraction are so much the stronger, and, consequently, so is also the resulting hardness, as the points approaching to contact are more numerous and nearer to each other [39] in the same mass, and these are capable of becoming so much the more numerous as the particles that present them are more minutely divided; their surface (relatively to their masses) being increased in proportion to their division.


  Hardness is properly that sort of cohesion that refills division by abrasion, or scission, its opposite is softness. Firmness is that coherence which resists percussion, and its opposite is brittleness, or fragility. Brittleness arises from the elasticity of the particles struck, and may be possessed in a high degree by substances of great hardness, as is evident in glass, steel, bell-metal, &c. in all of which the approximation to contact seems to be very near, but the points betwixt which this intimate approximation takes place are not very numerous, as appears by the low specific gravity of glass; with respect to stony substances, the specific attraction of siliceous particles, and also that of argillaceous particles to each other, seems to be the greatest, that of calcareous substances next greatest, and that of magnesian particles least, in most instances.


  Earthy substances acquire a stony hardness either from crystallization more or less perfect or confused, concretion, cementation, or substitution of unorganic to organic matter.


  Each of these modes of Lapidification I shall now consider.


  Crystallization, when perfect, is an operation by which the component particles of bodies are so arranged in uniting to each other, as to assume a regular internal, and external form; to effect this arrangement they must be minutely divided, have liberty of motion, be placed at a due distance from each other, and be undisturbed by a force superior to that of their mutual attraction; in proportion as these circumstances more or less perfectly prevail or fail, the crystallization is more or less perfect or confused, as explained in the first volume of my Mineralogy, chap. 1. § 2.


  As bodies may be minutely divided either by igneous solution, that is, fusion, or by solution in a liquid menstruum, crystallization may in appropriate circumstances take place either in the dry, or in the liquid way; in the dry way, however, much more difficultly than in the liquid, because the particles are too much crowded together; hence the most perfect crystallizations thus formed, are produced in the act of sublimation, as I have often observed in exposing different mineral substances to Parker's lens; and often also in crucibles, particularly with respect to magnesia, and stones of that genus. The crystallizations formed by mere fusion are always imperfect, or rather rudiments of crystals, as the lamellated or striated, or granular appearances of the different metals, and metallic ores. But the natural crystals of stony substances were all (except a few found in lavas) formed in the moist or liquid way, no known natural heat being sufficient to produce their fusion, and the circumstances that accompany them being incompatible with igneous fusion, as will be shewn in the last of these Essays. Nay, some crystals are found which by no possibility could be the result of previous fusion, even though every other necessary circumstance should concur, namely, those which with, or without an intermediate prism, are terminated by a pointed pyramid at both ends, as those of quartz and calcareous spar sometimes are; for crystals formed by previous fusion must necessarily adhere to some basis in contact with them while in fusion, else they could not be supported, but these could adhere to none without altering their shape.


  That siliceous earth is soluble in simple water, when sufficiently comminuted, appears from various observations. Mr. Gensanne in the mines of Cramaillot in Franche Compté, remarked that the water that transuded through the rocks that formed the vault of the works, produced concretions that resembled stalactites, but were in reality quartz; they also sometimes appeared on the timber of the mine; this observation he attended to for several years. Hist. de Langued. vol. 2. p. 28, 1 Buffon Mineralogy, 48. Mr. De Lassone found the surface of a sandstone which had the year before been invested with a siliceous crust, nearly as hard as agate, the particles of which it was formed must therefore have been conveyed and deposited by water. Mem. Par. 1774, p. 13, in 8vo. Bergman found silex in the waters of Upsal, but in small quantity; Klaproth in a much larger, in the waters of Carlsbad, 1 Klap. 335. 340. and though this water contains an alkali, yet it is not to this that the siliceous matter is indebted for its solubility, for the alkali is fully aerated; and Westrumb detected it in many more, as did Santi in the waters of Pisa. Nott's translation, p. 53. The only question is, whether it should be said to be mechanically suspended? that it is truly dissolved, appears to me most consonant to truth; as Dr. Black, however, seems to think otherwise, any opinion opposite to that of a philosopher of his acknowledged ability, deserves, before it be admitted, the strictest examination; the following proofs will, I hope, appear satisfactory.


  1°. The Doctor himself found in an English gallon of Rykum water 21,83 gr. of siliceous earth, and 3 only of caustic natron; though caustic alkali has the power of dissolving siliceous earths, yet, surely, it cannot dissolve upwards of six times its weight of that earth, therefore, in this instance, the solution of so large a quantity of silex cannot fairly be attributed to the natron; among a variety of conjectures to explain this fact, the Doctor thinks it most probable that common salt and Glauber's salt had been applied to the earthy and stony strata, which contain mixtures of silex and argil; that these salts were in part decompounded by the attraction of these earths for the alkali of the neutral salt; that part of the acid had been dissipated or changed into sulphur and sulphureous gas by the simultaneous action of inflammable matter, and that the compound of alkali and earthy matter had afterwards been long exposed to the action of hot water. But this explanation the Doctor allows to be merely conjectural. I should think that if the siliceous matter had been dessolved by its affinity to the alkali, the alkali would have still adhered to it in the quantity necessary to hold it in solution, which we find it does not. Let this instance be compared with any other case of solution; when a metal or an earth is dissolved by means of a menstruum, if that menstruum be withdrawn, or saturated with some other substance, does not the substance it had dissolved immediately fall, unless the new compound be also a menstruum for it? Thus, if magnesia be dissolved in water by means of fixed air, or of a common acid, does it not fall as soon as the fixed air has evaporated, or as soon as the common acid is saturated with an alkali? But in the case before us the alkali is for the most part saturated, and yet the silex remains in solution for years: this instance is therefore of a totally different nature from that of the cases adduced, and the solution must be attributed to the attractive power of the menstruum that still holds it in solution, namely, water.


  In fact, the term, solution, denotes two different sorts of action: first, that of the menstruum on the integrant or component parts of the aggregate to be dissolved, whereby it separates them from each other; and, 2do that by which it holds them in solution when separated. The first sort of action is that which the Doctor says he never observed water to possess with respect to siliceous earth, nor do I contend for it; the second he certainly does not disclaim expressly, and his own experiment proves it to exist in water; with respect to that earth, it is true, he seems to think this the effect of a mechanical suspension, rather than that of a chemical attraction, because he could never dissolve flint, ever so finely pulverized, in mere water; but this argues only a defect of the first species of action, for surely the reason of this insolublility is, that no artificial pulverization is ever sufficiently minute. Thus we find, that argil once baked, is very difficultly, or scarce at all soluble in any acid, let it be ever so finely pulverized; and though acids be its natural menstruums, yet if this argil be still more subtilly divided, as it is by chemical agents in the act of precipitation, or even after precipitation, while still moist, it is then easily soluble in appropriate acids; and to come closer to the case contested, the Doctor will allow that caustic alkali is the natural menstruum of siliceous earths. Yet Mr. Macie observed, that powdered flints were scarce at all acted upon even by boiling fixed alkali, and the very little that was dissolved was soon precipitated again in the form of minute flocculi on exposure to the air (a proof that it was argil, and not silex); but the precipitate obtained from liquor silicum by marine acid dissolved even when dry, and very readily in this alkali, and while still moist did so very copiously, even without the assistance of heat [40]. It is, therefore, plain, that the insolublility of silex in water, in common cases, should be attributed to the defect of a division sufficiently minute; the division requisite to render it soluble in water should, perhaps, be still more minute than that requisite to dissolve it in fixed alkalies, or rather the particles should be still more discrete, in order to enable them to be surrounded by a sufficient quantity of water. Mechanical suspension is not very difficultly distinguishable from chemical solution. Filtration commonly separates particles so suspended, at least if several times repeated, and the liquor gently heated; of this we have a remarkable instance in the case of iron precipitated by the Prussian alkali.


  2d°. Silex is found in the ashes of all vegetables, as Mr. Bergman attests, § 172. Anmerk and Ruckert, but principally in the bambou reed, in whose joints even a pebble hard enough to cut glass has been discovered, Macie's Memoir above quoted. It is plain, then, that this earth is contained in the water imbibed by plants; the small proportion of it that generally occurs in a given quantity of water, is no proof of a mere mechanical suspension, for this may and should be attributed to the rare occurrence of particles sufficiently minute to be taken up by water; I say it should be attributed to this circumstance, because, in some cases, namely, where this circumstance occurs, its proportion is very considerable: thus, Stucke found that according to his experiments 20 oz. of water collected in the internal cavities of basaltic columns should contain 14 2/7 grains of silex. In this case the water percolating the pores of the basalt must have collected the minutest siliceous particles that occurred: here not a particle of alkali was found; but on the contrary, a large proportion of aerated magnesia and argil. Stucke untersuck, 119.


  3dly. Zeolite is also soluble in water, as Mr. Bergman has shewn. 3 Bergm. 255. lastly, to Dr. Black's authority I shall oppose that of a chymist equally respectable, that of Mr. Klaproth, who tells us, that from his own experience he has learned that in favourable circumstances silex is soluble in water, without the co-operation of a fixed alkali, and that the hypothesis of the Doctor to explain the solubility of silex, was no way requisite, 2 Klapr. 108.


  There are few examples, however, of the crystallization of stony substances at this day, the reason of which is very obvious: all these substances were originally created in that state of minute division which watry solution and crystallization require; and the greater part of these have long since entered into a state of combination or accretion, from which mere water can, only in a great length of time, or perhaps never, disengage very many of them. This remark is particularly applicable to the formation of crystals of the siliceous genus; of which genus, when pure and unmixed, 1000 parts water can take up only one, and whose perfect crystallization, moreover, requires perfect rest, undisturbed even by the alternate rarefaction and condensation of the atmosphere, as may be deduced from this circumstance, that these crystals are always found in cavities well secured from the free communication of the air, as in the veins and cavities of mountains, or in hollow stones called geods, or in rifts, &c. where the air has had access, or any disturbance taken place, the crystallization is imperfect, being merely granular or distorted. Some have attributed the ancient solution of stones of the siliceous genus, to some imaginary menstruum which, they say, has long since been destroyed or saturated. This supposition is both absurd and gratuitous: absurd, because it is grounded upon another supposition, which evidently is so, namely, that siliceous substances were at first formed in a concrete state, that they might by this fictitious menstruum be immediately after reduced to a dissolved state. Gratuitous, because no trace of such a menstruum can be found; even the sparry acid, the only known acid menstruum of siliceous substances, has never been found in siliceous crystals, and the quantity of it known to exist, is infinitely too small to effect such a solution, and its affinity to siliceous earths is smaller than to earths of other genera, to which, consequently, it would preferably unite. An alkaline menstruum would be much more congenial, if any trace of it could be found.


  In modern times it is only the siliceous particles that have escaped combination, or have, by some means, been detached from it, and often widely dispersed, or thinly scattered through other stony masses, and slowly collected by the minute drops of water that circulate through these masses, that can in appropriate circumstances form crystals, the drops of water gradually evaporating in these hollows, and depositing the siliceous substances, first on the basis to which they adhere, and afterwards on each other. The annual alterations of heat and cold which prevail even at the greatest depths, though ever so small, are sufficient in a great length of time to condense, promote, and carry off, these vapours: this circulation of vapours in the interior parts of the earth, has been lately proved by Baron Trebra in his third letter.


  That even siliceous crystals were formed in water, appears not only from the foregoing general reasoning, but from various concomitant circumstances. 1°. Baron Veltheim lately found some in a lonely retired spot, that seemed recently formed, being as yet soft. 1 Gerh. Gesch. 17. 2d°. All of them, even the most solid and compact, lose some part of their weight when exposed to a strong heat, and many of them decrepitate; the weight thus lost is mere water. Thus zeolytes lose from 5 to 18 per cent, as is well known; and in Klaproth's experiments compound spar loses 45 per cent, opals from 6 to 18; shorl from 7 to 9; turmaline loses 15 per cent. Brasilian topas 20; common flints 5; and red quartz 3 per cent. 1 Klapr. Beytr. 41 Roz. 95. Fleaurieu de Bellvieu found Carrara marble, heated below calcination, to lose 1/113 part of its weight.


  3°. Pebbles filled with water sometimes occur; nay, Ferber observed in the mineral cabinet of Pisa, a round quartz crystal, half filled with water, and even containing an insect. If it be said, the water was introduced through a chink, I ask, how the insect could be introduced? for the chink, if there were any, was so small, that Ferber could scarce believe his eyes when he perceived the water, whereas the wonder would cease if there were a perceptible chink [41]. Instances of the same kind have frequently occurred.


  4°. Gerhard well remarks that stones formed in the dry way, being heated to redness, become still harder, or at least remain equally hard; but those formed in the moist way being so treated, become softer: now siliceous crystals, those of quartz for instance, become softer when heated to redness, therefore they must have been formed in the moist way [42]. As to calcareous spars, they have often been formed by art in the moist way, but, surely, never by igneous fusion; Saussure observed some formed in a bottle of aerated water, 1 Sauss. 270 2 Sauss. § 1097, in note.


  5°. Siliceous crystals are found in the cavities of calcareous stones, where these are so situated that infiltrations from the former class may pass into them; thus Mr. Saussure found crystals of quartz in a calcareous mass of 400 feet in extent, which leaned against a mountain, formed of quartz and mica, on the side adjacent to this granilitic rock 2 Sauss. 118.


  6°. Siliceous stalactites have lately been found in Montaniata, hanging from Piperino, and also in the form of an incrustation superficially inverting lavas; now this stone is infusible in the strongest heat, therefore it does not owe its origin to volcanic heat, but must have been formed by transudation, or infiltration through the lavas after they had cooled; in structure, tuberosity, rugosity, &c. it exactly resembles calcareous stalactites; see Chy. An. 1796, 589, &c.


  Lastly, Siliceous solutions in fixed alkali, after the alkali has been super-saturated with an acid, being slowly evaporated, deposit the silex in the form of crystallized grains, which shews, that silex can crystallize in mere water, when the proportion of water necessary to hold it in solution is slowly diminished. 1 Klapr. 211.


  The next mode or immediate cause of Lapidification is concretion, that is, the close union of earthy particles to each other, without any sort of crystallization, but arising merely from their approximation to each other after the expulsion of the superfluous water; thus clays are indurated, and many sorts of stone of the argillaceous genus are formed, particularly when calces of iron, petrol, or carbonaceous substances are found in them; bricks have often been formed in this manner by mere solar heat in hot and dry climates. That the hardness thus resulting is derived from their closer union and the expulsion of water, is clearly proved by the contraction of their dimensions which they experience, and their loss of weight; the Polish and Hungarian huts formed of clay, are a further proof of the induration thus produced [43].


  We may, however, remark, 1°. that some proportion of water is always necessary to promote this lapidescence, for earths that have all their water expelled, remain in dust, or if a considerable-proportion be expelled, they remain much softer, and hence to harden them, some water must be added; this Dolomieu remarked with respect to lavas. Ponces, 417.—2°. That the dimensions of some compounds that acquire a stony hardness by concretion, are sometimes increased, namely, when they absorb air; the compound, for instance, that forms Pouzzolana expands while it hardens, as its ferruginous part absorbs the oxygen of water.


  Water, in some small proportion, seems even an essential ingredient in many species of stone, even the hardest; quartz, for instance, loses its transparency when deprived of it. In these cases the water seems to be solidified by a loss of great part of its specific heat, in the same manner as that contained in Glauber's salt is now known to be.


  The hardness induced by desiccation in stones of the siliceous genus has been often remarked; thus, Delius observed, that Hungarian opals when first dug up, are so soft as to be friable betwixt the fingers; but by exposure to the air and sun only for a few days, they acquire a stony hardness. 44 Roz. 48. and Saussure tells us, it is well known to all mineralogists, that most stones, even granites, are harder on the surface than in the interior of mountains. 6 Sauss. 319. That many argillaceous stones are softened by water, and hardened by exposure to the air, is a matter of general observation. 2 Bergm. Journ. 1789. 724.


  Even calcareous stones are hardened by desiccation; this fact I often observed with respect to compact limestone taken from a quarry level with the surface of the earth, not only the superior strata, but even the inferior were much less hard while in the quarry than in a few days after they were taken out of it and exposed to the air; this has often been observed by others. Mem. Par. 1746. 1075. 1 La Mether. 12.


  That calcareous concretions of a stony hardness have been formed in modern times, and still continue to be formed, particularly in the vicinity of springs strongly impregnated with calcareous or calcareo sulphureous matters, as in Derbyshire, Bohemia, &c, is quite notorious; and that vast masses of limestone have within a few centuries concreted in the same manner, may be collected from the discovery of various artificial substances within those masses. As these, however, have been by some, ascribed to some fictitious Preadamitick periods, I shall quote one, which, without very violent suppositions indeed, cannot be attributed to any other but very modern times. In working a block of stone raised near Paris, the barrel of a pistol was found imbedded in the midst of it. 1 Buff. Mineral. 39. Stalactitic concretions of modern formation, and even artificial, are too well known to require any illustration; but are also a full proof of the formation of stones by concretion, or at least, a commenced crystallization; and perfect calcareous spar has been found in a stalactitic form. 1 Bergm. Journal, 1792, 218.


  The third cause of lapidification is cementation, see Black on Geyser, p. 22, that is the introduction of particles, either of the same or of a different species, into the interstices of substances that either did not adhere at all to each other previous to this introduction; or at least were of a looser or less indurated texture. Thus Saussure tells us, that in the neighbourhood of Messina, where grits are quarried near the sea shore, the cavities formed by their extraction are soon filled with sea sand, which in a few years is solidified, having its particles agglutinated by the calcareous matter introduced by the sea water. 1 Sauss. § 305. p. 248. Bowles remarks, that in the neighbourhood of Cadix, the sea possesses the same power, as the fragments of brick, mortar, &c. thrown on the shore, are, after a certain time, cemented with the sand and shells into an uniform mass of stone. Bowles Spain, 99. Flurl relates, that fragments of rocks are cemented together, even at this day, by streams impregnated with calcareous matter, and depositing it on and between these fragments, at Hugelfing in Bavaria. Flurl Bavaria, 23, 24. Mr. De la Faille, an Academician of Rouen, observes, that the sea near Chatelaillon after a storm throws up a sort of mud on which, after a few days, a species of shell-fish, called grissites, appear, and soon after, the whole hardens into a stone as solid as the hardest limestone. 20 Roz. 43, in note [44]. But, perhaps, no where does this effect take place so quickly as at Crainburg, near the banks of the Save; for in quarrying a stratum of stone, it was observed, that the fragments, if not immediately removed, were in a short time so firmly cemented by the river water that oozed through the banks, that they required to be quarried over again. 2, Born Phys. Arbeit 8vo. in note; and hence the ingenious author, Mr. Gruber, clearly deduces the origin of breccias. In many cases calces of iron minutely divided form the whole of the cement; or at least powerfully contribute to the cementing power of other earths. Zimmermann mixed one part filings of iron and three parts sand, sprinkled, or rather covered them with water, and let them stand six months, at the end of which period he found the vessel burst by the expansion of the oxygenated iron, and the sand so firmly compacted, that the mass thus formed could not be broken but by a chisel and hammer. Henckel Origine des Pierres, 405 in note; and that this induration may, and does take place at great depths in the sea, is evidently proved by the observations of Rinman. Mem. Stock. 1770, related by Gadd, that an iron anchor long deposited in the sea, had hardened into stone all the sand, clay, and shells, which surrounded it, to a pretty considerable distance; and is farther confirmed by a similar observation of Mr. Edward King, Phil. Trans. 1779, p. 35, that a violent storm having laid bare part of the wreck of a man of war that had been stranded 33 years before, several masses, consisting of iron, ropes, and balls, were found covered over with a hard substance which upon examination appeared to be sand concreted and hardened into a kind of stone; that which concreted round the rope, retained the impression of that part of the ring to which the rope was fastened in the same manner as the impressions of extraneous fossils are often found in various strata. Also round the iron handle of a brass cannon that remained in the sea a much longer time, a much harder incrustation of sand was found, in closing cockles, muscles, limpets, oysters, &c. all so firmly fixed, and converted into a substance so hard, that it required as much force to separate or break them, as to break a fragment of any hard rock. Ib. 40, 41. It appears also, that a very small proportion of calx of iron is sufficient to produce induration, when diffused through the mass of earthy matter, not only by the observation of Rinman above related, but also by that of Mr. King on the induration caused by the point of a nail, in the paper above quoted.


  Stones already formed, may be still further indurated by the infiltration of slightly oxygenated iron; thus Dr. Fothergill having watered pieces of Portland stone with water impregnated with iron rust, found the concreted mass in a few years to have acquired a sensible degree of such hardness as to yield a metallic sound, and resist any ordinary tool. Phil. Trans. 1779, 44.


  That a process of the same nature has been, and still is, carried on in the interior parts of the earth, wherein hardness is induced or increased by the infiltration of particles of the same, or of a different, nature, appears by many observations, of which I shall only mention a few, as being perfectly decisive.


  1°. Mr. Werner observed in the mountain of Zeigelberg, strata of blue clay and compact red iron stone, to alternate several times with each other, and that each had peculiar petrifactions not found in the other; for instance, only turbinites were found in the one, and in the other only chamites, or muscallites, &c. which shews these depositions were not simultaneous, but originated at different periods of time. Now the petrifactions found in the stratum of the blue clay, when placed under the iron stone, were constantly filled with the ferruginous matter of that stone, and, on the contrary, the petrifactions found in the iron stone, when under the stratum of clay, were filled, at least in the parts contiguous to the clay, with argillaceous matter, but the hardness of the iron stone prevented it from receiving much of the argillaceous matter. Wedem. Umwandl. p. 118.


  2°. The petrifactions found in chalk are frequently filled with siliceous matter, and so hardened as to give fire with steel. Now chalk itself is found constantly to contain more or less of minute siliceous particles; it is, therefore, to the infiltration of these that this increased hardness is to be attributed.


  3°. It is remarked, that coloured marbles (of the compact kind) are generally harder than the white, as by infiltration or otherwise they received, either during or after their formation, particles of another species, by which their interstices were filled. Nadault. 1 Buffon Mineral. 342.


  4°. The calcareous Farcilite called Amenla, is formed of rounded calcareous masses of extreme hardness, cemented by a calcareous cement. Now near the surface where the calcareous cementing matter could not be so abundant, these stones are but loosely connected or united, but at greater depths, for the contrary reason (there being more calcareous matter incumbent) the cement becomes so hard that the masses it forms cannot be separated but by explosion with gunpowder; per Sauvages Mem. Par. 1746, 1086, in 8vo.


  That the cementing matter was of posterior formation, is evidently inferred from the veins of calcareous spar that run through the rouned masses, but which never pass into the cement, as the sagacious author well remarks, p. 1091.


  5°. Gusman attests, that he has seen petrosiliceous breccias, whose calcareous cement originated from their own decomposition. Lithophy. Mitsian. 114.


  6° The refuse stones thrown out of mines are frequently hardened again by the matter arising from their disintegration and decomposition, as Lasius observed at Ramelsberg. Hartz. 283 and 3. De Luc Lettres à la Reine, 298. Sometimes a commenced crystallization is found in these adventitious accumulations. Flurl Bavaria, 565.


  It sometimes happens that a cement which was originally a mere confused aggregation, becomes, after some ages, so minutely comminuted by solution, as to crystallize into a transparent matter; this, Mr. Nadault observed in the fragments of a very ancient rampart, in several fathoms of which the stones were connected, not by mortar, but by a transparent substance (a spar) into which the calcareous particles of the mortar were converted by the infiltration of rain water [45]; the same effect seems also naturally to take place in many limestones of a loose spungy texture, the water that pervades part of their mass gradually conveying into another part of the same mass such particles as it can dissolve: these being thus brought into a closer union with each other, crystallize, and induce an additional hardness in that part of the mass in which they settle. The hardness thus produced is the result, not of one, but of several successive infiltrations, and hence various degrees of hardness are observed to take place between the loose and spungy extremity of the stone, and the extremity which has received its maximum of solidity. Calcareous masses of this sort have been observed by the Abbé Sauvages [46] and others. In Mr. Greville's cabinet there are many hornstones, in which the gradual transition from an indurated clay into siliceous hardness and fracture, may be evidently discerned. It has been asked, what becomes of the water that conveys these crystallizing particles? The answer is easy; all stones, and even the densest metals, contain vacuities; these act as capillary tubes, and soon reconvey the water to the upper surface, from which it gradually evaporates.


  Of the hardness induced by obscure and confused crystallizations pervading stony masses, we have an indubitable proof in many impure gypsums, which undoubtedly coalesced by crystallization, though the crystalline grains are scarcely discernible.


  The cements are of many different sorts, but more generally of the same species as the stone cemented. Sometimes they run in veins; sometimes they are dispersed through the whole mass invisibly to the naked eye, or visible only in a strong light, or by a lens; sometimes very visible in minute shining specks: thus, in the calcareous class they are more frequently sparry, but often also siliceous or ferruginous; sometimes argillaceous or pyritous, more rarely gypseous or fluoric—in the argillaceous they are commonly ferruginous, but sometimes calcareous or siliceous, &c. and, as lately has been discovered, sometimes carbonaceous.


  The last known mode of inducing stony hardness, is SUBSTITUTION; that is, the introduction of stony, and, sometimes, of metallic substances, into organic bodies whether of the vegetable, or of the animal kingdoms, in proportion as the particles of these organic substances are destroyed by putrefaction, so as to assume the place, and, consequently, the form and figure of these, as if cast in the same mould.


  The mineral substances, thus moulded, are called petrifactions in the most proper sense of the word; but, by many, particularly by the Germans, this word is used in a looser sense, to denote any organic substance found buried at great depths in the earth, or embodied in stone, whether converted into stony matter or not.


  The hardness thus induced, arises from the proximity of the stony particles to each other, and the superior attraction of these particles, in comparison of those of the organised substances whose place they occupy.


  The mechanism of petrifaction, I conceive to be shortly this, organic substances petrified, are either found in water, replete with the stony matter found in petrifactions, or, they are inclosed in earths, sands, or stones; in both cases the first step in the process of petrifaction, is the escape of the hydrogen and part of the carbon of which the organised substance consists. If this substance be surrounded by water strongly impregnated, the stony particles are immediately attracted and substituted in the place occupied by the particles that escaped; but if the petrifaction takes place more quickly than water can supply the stony particles, then no petrifaction takes place, and hence the softer organised substances are scarce ever found petrified. The process is thus continued by gradual putrefaction on the one part, and gradual insinuation of stony particles on the other, until the petrifaction is completed.


  Shells, bones, and woods, are the substances that decay most slowly, and therefore are most frequently found petrified; but the fibrous parts of these decay more slowly than the softer or medullary, and thence the disposition of the stony particles introduced, must, necessarily, be as different as the disposition and form of the fibrous particles were, whose form and place they assume. We must also conceive that the petrifaction is at first imperfect, and not absolutely completed until long after it has penetrated into the interior of the organic substances. The minute interstices at first left, are afterwards gradually filled up, though in some instances contrary appearances occur.


  In some cases, also, the interior or more central parts of the organised substance first decay, while the exterior remains found; in such cases the petrifying operation takes place only in the interior: this has often been observed in woods where the wood is of a species that strongly resists putrefaction, or the water in which it is lodged is but slightly impregnated with petrescent particles, the petrifaction very slowly takes place; of this we have a memorable instance in one of the timbers that supports Trajan's bridge over the Danube, some miles below Belgrade. About the year 1760, the emperor of Germany being desirous to know the length of time necessary to complete a petrifaction, obtained leave from the sultan to take up and examine one of these timbers. It was found to have been converted into an agate, to the depth only of half an inch; the inner parts were slightly petrified, and the central still wood. Undoubtedly the timber employed was of the kind least subject to rot, and the Danube is not known to contain any notable quantity of siliceous particles; but the fact is important, as it proves to a demonstration, that siliceous particles are soluble in water, are taken up by wood, that petrifactions are carried on in appropriate circumstances in modern times, and the successive process of petrescence as above stated. Justi Gesch. des Erdkorpers, 267. 1 Gerh. Gesch. 222.


  But in the most favourable circumstances; that is, where the wood is of a species more susceptible of putrefaction, and the water in which it is immersed, richly impregnated with stony particles, petrifaction takes place much more quickly. Don Ulloa tells us, that north of Quito, at the foot of mount Anlagua, there is a river that petrifies any sort of wood or leaves that are thrown into it, and that he had whole branches thus petrified; the fibres of the rind, even the smallest fibres of the leaves, and the meanders of the fibrillae being equally discernible as when fresh cut from the tree.


  All the rocks in this river, he observes, are covered with a crust little inferior in hardness to the rocks themselves. This matter, he adds, fastens much more easily on corruptible substances, and frequently forms a lapideous tegument round the leaves, &c. [47]. Mr. Stedel found the pieces of elm left in a fountain, near Ulm, become petrified in seven years [48].


  The petrifaction induced in woods surrounded by sands, or inclosed in stones, originates exactly from the same causes, and is produced in the same manner. Mr. Gledisch observed one of the roots of a pine tree still in a state of vegetation, converted into the calcareous petrifaction called Osteocolla: it was surrounded by sand, and part of the wood in a rotten state remained in the center of the root. Mem. Berl. 1748, p. 49, 50.


  This same petrifaction, which exactly resembled the root of a tree, Margraff analysed, and found it to yield volalkali from some remains of the putrid wood that were still contained in it. 1 Margr. 246. 261; and that putrefaction ever precedes petrifaction, may be deduced from the existence of fixed vegetable alkali in the marls that surround petrifactions, and the volalkali also often obtained by distilling them; see Gesner's Dissertation in 6 Roz. in 8vo 2d part, p. 20, &c.


  Several lakes or other waters that anciently possessed a petrifying power, have since lost it by having imparted the greater part of the stony particles they contained to such substances as were capable of retaining them.


  ESSAY V. ON THE DECOMPOSITION AND DISINTEGRATION OF STONY SUBSTANCES.


  Decomposition consists in the separation of the constituent parts of a stone or other substance, and may be either total or partial. Disintegration denotes the separation only of the integrant parts; both often take place in the same substance.


  The only causes of mere disintegration as yet known, are the vicissitudes of the atmosphere; the absorption and congelation of water; the sudden dilatation or contraction produced by the former, particularly when extreme, cannot but loosen the texture of most stony substances, and when aided by the absorption of water, strongly tend to separate them. The water thus received in their minutest rifts, being afterwards frozen, bursts them with incredible force, of which frequent instances occur in the northern countries, and in the more elevated mountains of the southern, where the most sudden transitions of heat and cold; and the highest degrees of the latter frequently prevail; and hence the broken craggy state of their loftiest summits.


  The known external causes of decomposition, are water, oxygen, and fixed air.


  The internal causes are, the bases most capable of forming an union with the external, as saline substances, sulphur, slightly oxygenated calces of iron, or of manganese, lime, argil, bitumen, carbon, and mephitic air, which is certainly contained in many stony substances, as Dr. Priestley has shewn in the first volume of his last edition, p. 64; but as to its nature and effects it is at present too little known: all these are assisted by a loose texture, of the substance acted upon.


  Saline substances, particularly when (relatively to their mass) they present a large surface, are dissolved by water, and, consequently, the stones, of which they sometimes form a component part, are decomposed; thus muriacite, which consists of 57 per cent gypsum, 14 common salt, 5 mild calx, and 53 of micaceous sand, must be decomposed when long subjected to the action of water.


  Sulphur promotes decomposition by absorbing oxygen, while it is thus converted into vitriolic acid; but moisture is also requisite. To this cause the decomposition of such stones as contain pyrites is to be attributed; it seldom acts, however, unless united to some metallic substance; and hence its combinations with argil, unless assisted by heat, are not sensibly decomposed, or only in a great length of time.


  Calces of iron, moderately oxygenated, are the most general cause of decomposition, particularly when assisted by a loose texture, and the other causes of disintegration; these act by absorbing a greater proportion of oxygen and fixed air, but require also the assistance of moisture. By this absorption they gradually swell, and are disunited from the other constituent parts of the stone into whose composition they enter.—When least oxygenated their colour is black, or brown, or bluish; and in some instances, when united with argil and magnesia, grey, or greenish grey; the former in proportion as they become more oxygenated become purple, red, orange, and, finally, pale yellow; the latter become at first blue, then purple, red, &c.


  Iron, in its perfect metallic state, or at least but slightly oxygenated, also decomposes water; but if exposed to the air it becomes farther oxygenated, and the compound in which it enters gradually withers, as Dr. Higgins observed, in imitating pouzzolana, on Cements, 124.


  But stones into whose composition calces of iron highly oxygenated seem to have originally entered, are very difficultly decomposed, as red jaspers, &c. as they already possess nearly as much as they can absorb.


  Manganese, when slightly oxygenated, is known to attract oxygen strongly, particularly with the assistance of heat and moisture; hence it is, in many cases, a principle of decomposition, as in sidero calcites, &c. it also frequently assists or promotes that effected by calces of iron.


  Lime, from its attraction to fixed air, and its solubility in water, must promote, in favourable circumstances, the decomposition of stones, of which it forms a constituent part; to it the decomposition of felspars, and many zeolites, may, in part, be attributed [49].


  Argil, when its induration does not exceed 7, must, by the common annual vicissitudes of heat and cold, gradually become rifty, absorb moisture, soften, and swell, and thus promote disintegration, and decomposition.


  Bitumen is said to form the cement of some limestones, and, probably, of various other species. Bowles found it so in various parts of Spain, and Flurl in Bavaria; and to its fusion and withering (probably by attracting oxygen) he attributes the disintegration of several compact limestones in Bavaria, p. 78.


  Carbon has lately been found in several species of stone; as it powerfully attracts oxygen, to it we may, perhaps, attribute the disintegration of many of them, as marls, marlites, some, argillites, shales, &c.


  Mephitic air (the azote of the French) by its property of forming nitrous acid, when, during its nascent state, it is gradually brought into contact with the oxygen of the atmosphere, in a moderately dry state, may also promote decomposition; calcareous stones are known to contain it in pretty considerable proportion, and those that contain animal remains, probably, most; from this consideration we may derive some explanation of a very remarkable phenomenon related by Mr. Dolomieu. 36 Roz. 116. "All the houses of Malta are built of a fine grained limestone, of a loose and soft texture, but which hardens by exposure to the air. There is a circumstance which hastens its destruction, and reduces it to powder, namely, when it is wetted by sea water; after this it never dries, but is covered by a saline effervescence, and a crust is formed some tenths of an inch thick, mixed with common salt, nitre, and nitrated lime; under this crust the stone moulders into dust, the crust falls off, and other crusts are successively formed, until the whole stone is destroyed. A single drop of sea water is sufficient to produce the germ of destruction; it forms a spot which gradually increases and spreads like a caries through the whole mass of the stone; nor does it stop there, but, after some time, affects all the neighbouring stones in the wall. The stones most subject to this malady are those that contain most magnesia; those which are fine grained, and of a close texture, resist most." Short as this account is, it appears from it, that the limestone of Malta contains both calcareous earth and magnesia, but most probably in a mild state; and the stone being of the looser kind, is of the species which is known to contain most mephitic air. Mr. Dolomieu shews at the end of his tract on the Lipari islands, that the atmosphere of Malta, in some seasons, when a south wind blows, is remarkably fouled with mephitic air, and at other times, when a north wind blows, remarkably pure; and hence, of all others, most fit for the generation of nitrous acid.—Again, sea water, besides common salt, contains a notable proportion of muriated magnesia, and a small proportion of selenite. From these data we may infer, that, when this stone is wetted by sea water, the selenite is decomposed by the mild magnesia contained in the stone, and intimately mixed with the calcareous earth; of this decomposition, two results deserve attention, 1. The production of Epsom; 2°. The extrication of mephitic air, the muriated magnesia of the sea water serving, during this extrication, the purpose of attracting and detaining a sufficiency of moisture. This air, thus slowly generated, and meeting the dry oxygen of the atmosphere, forms nitrous acid, highly mephitised, but it soon acquires a due proportion of oxygen by deoxygenating the vitriolic contained in the epsom salt, which by successive depredations of this sort is gradually destroyed. Part also must unite to the mild calx, forming a salt which in its turn is decomposed by the remaining mild magnesia; more mephitic air is set loose, and more nitrous acid is produced, until the stone is destroyed; how the alkaline part of the nitre, which is one of the products resulting from the decomposition of this stone, is formed, is as yet mysterious; Is it not from the tartarin lately discovered in clays and many stones? I am as yet inclined to think that it is derived from the putrefaction of vegetable and animal substances; and though nitrous acid formed of oxygen and air, from putrefying substances, be found united, not only to the absorbent earths to which it is exposed, but also to a fixed alkali; yet I should rather suppose that the alkali is conveyed into those earths by the putrid air, than newly formed; and the reason is, that tartarin, notwithstanding its fixity, is also found in soot, and in the same manner may be elevated in putrid exhalations. As to the common salt, said also by Dolomieu to be found in the blisters of this mouldering stone, I am as yet in doubt, for common salt was also said to accompany the native nitre found in the pulo of Appulia, yet Klaproth in analysing this nitrated earth could find none; see Zimmerman's account of this native nitre. 36 Roz. 111. 113, and 1 Klap. 319.


  So also when the calx of iron contained in stones is but slightly oxygenated, it may, by reason of the close texture of the stone, remain undecomposed for ages; but if by any accident, as fracture, or contact with some saline matter, or the alternate reception and dismissal of water, the reception of more oxygen is facilitated, a decomposition will commence, which, as in the former case, will spread like a caries, because the less oxygenated part of the iron takes oxygen more easily from the more oxygenated part, than from the atmosphere, by reason, that the absorbed oxygen is more condensed than it is in the atmosphere. Thus, iron inserted into a highly oxygenated solution of vitriol of iron, and which, therefore, refuses to crystallize, will take up the excess of oxygen, and thus restore the solution to a crystallizable state; or as calx of tin takes up oxygen from calces of silver, antimony, &c. in the beautiful experiments of Pelletier. 12 An. Chym. 229, &c.


  Hence, also, ferruginous stones near, or upon, the surface of the earth, being more exposed to air and moisture, and the disruptive action of growing vegetables whose roots pierce through their minutest rifts, and, by swelling, burst them, are more exposed and subject to decomposition. Water carries down the ferruginous particles into the lower strata, and forms there those illinitions and masses of pisiform argillaceous iron ore, which Buffon and others have, without sufficient reason, derived from decayed vegetables [50].


  Basalt, when pure, strongly resists decomposition, or its surface alone bears any marks of it; the argillaceous, siliceous, and calcareous ingredients, and part of the ferruginous, soon recombining and forming a hard crust, which invests and protects the remainder of the stone;—but wacken is very easily decomposed, and hence the basalts or traps into whose composition it enters, yield easily to the decomposing principle. Some granites, I may say most, are in appropriate circumstances not difficultly decomposed; the mica and felspar are chiefly affected; the same may be also said of most sandstones, particularly those whose cement is argilaceous or ferruginous, and many porphyries, and gneiss.


  OF MOUNTAINS.


  AMONG the various inanimate objects which Nature has so profusely scattered around us, there are none which at first sight convey so awful an impression of the power of its great Author, as those stupendous masses we call MOUNTAINS; none in which reflection discovers more convincing proofs of wisdom and beneficence, than in their diversified heights and arrangement, exactly suited to the varieties of their geographic position and the general economy of the globe. Without them the earth would be little more than a sandy desert, and the atmosphere a pestilential receptacle of noisome exhalations; by conducting the electrical fluid, and the principle of heat, they contribute to the production of rain, which fertilizes the former, and purifies the latter. Their elevation enables us to extract metallic, combustible, saline, and other substances, whose use is indispensable, yet which in flat situations, from the impossibility of drawing off the water, we could not obtain. Among the stony substances they present us, many are applied to building, and to various arts; many are the harbingers of metallic or other valuable substances, and many others, both stony and metallic, exist, whose uses, through the unpardonable neglect of former ages, are as yet unknown; mankind unaccountably forgetting that the principal occupation originally assigned to them was to cultivate, that is, to labour on, and extract every possible advantage from the earth, and the substances it contains. Nor is the wisdom of the geographic position of mountains, and of the degrees of their diversified elevation, suited thereto, less obvious and striking; thus, in the northeast parts of our continent, the vast Asiatic platform, from which so many mountainous chains branch forth, afforded, in the infancy of the globe, an habitation for man and animals; while inferior regions, for the purpose of completing their arrangement, still remained buried in the bosom of the deep. The height of these mountains that raise their lofty summits in the eastern parts, is proportioned to the course which their mighty rivers must hold in the extensive empires of Indostan and China, and fitted to produce the refreshing blasts necessary to moderate the ardour of those sultry climates; whereas, in the more western tracts, the same reasons not existing, the elevations are far less considerable. In the southern parts of Europe, the accumulated and exalted masses of the Alps, Appenines, and Pyrenees, dispense the same blessings as in the north-east part of Asia; and on the other hand, in Africa and Arabia, immense sandy plains occur, whose heated surface produces those alternations of atmospheric currents that occasion the monsoons, and the varieties of season requisite for the fertility of the tropical regions.


  In common language, mountains are distinguished from hills only by annexing to them the idea of a superior height, not assigning to either the exact height that should entitle it to its particular denomination. Geologists have aimed at greater precision; Pini and Mitterpachter call any earthy elevation a mountain whose declivity makes with the horizon an angle of at least 13°. and whose perpendicular height is not less than 1/5 of the declivity. Mitterp. 182.


  Werner calls a mountain high, when its perpendicular height exceeds 6000 feet; middlesized, when its height reaches from 3000 to 6000 feet; and low, when its height is beneath 3000 feet. Berg. Kal. 176. Betwixt the tropics, the boundaries of vegetation are fixed at the height of about 12000 feet; in the temperate climates at from 5 to 8000; and within the polar circle still lower.


  Before I proceed farther, I must notice an ill-founded opinion, advanced by a late highly respectable philosopher, the reverend Doctor Michel; Trans. for 1760, vol. 51, p. 584. namely, that they were forced up from the earth, and, consequently, not formed by precipitation from a fluid, as I have stated in my first Essay; this notion was suggested to him "by remarking," he says, "that, in all high and mountainous countries, the strata lie in a situation more inclined to the horizon than the country itself; the mountainous countries being generally, if not always, formed out of the lower strata of the earth—from this formation of the earth, it will follow, that we ought to meet with the same kinds of earths, stones, and minerals, appearing at the surface, in long narrow slips, and lying parallel to the greatest rise of any long ridges of mountains; and so in fact we find them. The only proofs he gives of this disposition are, that the Andes have a chain of volcanoes extending 5000 miles, which are all, probably, derived from the same stratum; and that another chain, parallel to these, runs at least 100 leagues; and that the gold and silver mines worked by the Spaniards, are found in a direction parallel to these." It must be evident, that here is not even the shadow of a proof, not a single stratum common to the plains and mountains is mentioned, much less a succession of strata, which alone could afford a proof. The Andes and American mountains were most injudiciously chosen, as, in respect to their composition, they are perhaps of all others the least known, having never been described by any mineralogist; nor has the stratum, on which inflammation depends, in any volcano been ever known by observation. But of the very reverse of his opinion, numberless instances might be adduced. Though the strata of mountains are often inclined to the horizon; yet many are perfectly horizontal, as will be seen in a subsequent Essay. I shall at present quote only one instance, namely, that of the mountain of Kinneculla in West Gothland; it consists of five different strata, all horizontal, the last reposes on granite; and of this, and this only, the neighbouring plains consist: the four others are found only in the mountain. Now by Dr. Michel's account, all of them should be found in the plains, and the stratum that is highest in the plain, should also be highest in the mountain; whereas the only one common to the plain and mountain, is that which is lowest in the mountain. 29 Swed. Abhandl. 24. 5 Bergm. 115, 128. 3 Bergm. 214. It rarely happens, that the strata of mountains conform to their convexity, and bend into the valleys. Mem. Par. 1747, 1082 in 8vo.


  Mountains are said to have their course in that direction of their length in which they descend, and grow lower, or in the direction of the stream of a river, when any runs parallel to them. The course of mountains is seldom uniform. Bourguet and Buffon pretend that in two parallel chains, the saliant angle of the one constantly corresponds with the internal angle of the other, but subsequent Geologists utterly deny this correspondence, except where a river runs between them. Saussure and De Luc deny it to take place in the Alps, 1 Sauss. 402, 411. 2 Sauss. § 920. Fortis in Dalmatia, 459. Pallas in Siberia, Act. Petrop. p. 40, and 1 Nev. Nord. Betyr. 294. Gentil in East Indies, Mem. Par. 1781, p. 433; hence the fantastic though beautifully decorated theory of Buffon, resting principally on this foundation, falls to the ground.


  As not only groups of mountains, but even single mountains are formed of various materials, their classification cannot be deduced from the nature of substances thus variable and diversified. It must then be founded on some general relation of the masses of which they consist, with other substances foreign to the mineral system; and of these relations, the most general, and to which all other properties of mountains are easily referable, is that of their priority, or their posteriority, to the existence of organized substances. Hence their primary division is into primeval and secondary or Epizootic. And the epizootic mountains are still farther distinguishable into original and derivative. The class of secondary, and, perhaps, also that of primary, may be subdivided into inert and ignivomous, into volcanic, and pseudo volcanic. The volcanic have indeed hitherto been generally referred to the secondary mountains, but as several of the Andes are said to be volcanic whose height exceeds that of any known secondary mountain, for instance, Catopaxi, and as the materials of volcanic mountains have been found in some primary mountains, it is highly probable, that primary mountains also may sometimes be the seat of volcanos, hence I shall treat of these apart.


  The most extensive montanic ranges commonly consist of three chains, of which the internal are generally primary and the external secondary; the internal is generally narrow and often sharp, the external broader and more extensive. See Pallas Act. Petropol. Vol. 1. 30. Gentil. Mem. Par. 1781,433. 1 Sauss. 189. 30 Roz. 375. 39 Roz. 401. Descrip. Pyren. 144.


  Some mountains diverge from a high extensive platform, as the numerous chains that shoot from the Altaishan Platform. Pallas ibid. Others shoot like branches, from some considerable trunk, others appear retiform, crossing each other in various directions, and some few stand single.


  Many mountains are steep on one side and gently inclined to the plains on the other: the steepness often arises from the rupture of the strata, often from their decomposition, being more exposed to rain and impetuous predominant winds on one side than on the other. The gentle inclination often proceeds from the unequal extension of the strata, the lower being the most extensive, and the higher gradually narrower; often also from the failure and depression of the lower strata. The causes of which are to be sought for in the natural history of the different countries in which they occur.


  The appropriation of different parts of the globe to some particular species of stone environing it, is contradicted too evidently by notorious facts to be now admitted. See 5 Sauss. 461.


  CHAP. I. OF PRIMITIVE MOUNTAINS.


  THE principal character of primeval mountains, is the absence of all organic remains from the interior part of their mass and the composition of the stones and rocks of which they consist. I say from the composition [51], because between these rocks and in their veins and cavities such remains are sometimes, but very rarely, found accidentally deposited through rifts posteriorly choaked up, and often on their summits, being left there by the deluge. Pallas Loc. Cit. 44. Prince Le Gallitz. Mineralogy, p. 27.


  2° They commonly form the highest ridges in any chain, and the most extensive: this Pallas attests with respect to the Uralian and Altaishan chains, Born of the Transylvanian and Hungarian, Tilas and Bergman of the Swedish, Haller and Saussure of the Swiss, Charpentier of the Saxon, Ferber of the Bohemian, La Peyrouse of the Pyrenees; but frequently also when intermixed with secondary mountains their height does not exceed 2 or 300 feet.


  3° They never cover secondary mountains, but are often covered by them. Mem. Par. 1747, 1082. Nor do they lean on the secondary, but the secondary often lean upon them and cover their flanks and invest them; but they often cover each other.


  4° They are sometimes stratified, but more frequently in huge blocks: their strata never alternate with secondary strata. Some are unigenous, consisting for the greater part, at least, of one species of stone or aggregate; some polygenous, consisting of various species, alternating with, or passing into, or mixed with each other.


  The materials of which they consist, or which they contain in different instances, are granites and stones of the granitic classes, as granitines, granitells, granilites, sienite, grunstein, or gneiss, shistose mica, siliceous shistus, basanite, hornslate, shistose or horn porphyry, jasper, petrosilex, quartz, pitchstone, hornblende, hornblende slate, argillite, trap, wacken, mandelstein, porphyry, serpentine, pott stone, sand stone, breccias, pudding stone, rubble stone, granular limestone, fluors, gypsum, topaz rock; for sand stone and rubble stone may be primeval, being formed after the crystallization of the greater masses.


  Some of these are common both to primeval and secondary mountains, as trap, argillite, porphyry, sandstone, breccias; parasitic stones are omitted.


  Among primeval mountains a distinction may be established betwixt those whose existence preceded that of fixed air, and those of posterior formation; though in some parts of the globe mountains of the most ancient denomination, as those of granite and gneiss, seem contemporaneous with the existence of fixed air, because mountains of the same denomination could not all have been exactly coeval; those, however, whose existence was subsequent to that of fixed air, are very rare. Among primeval stones we may also distinguish the original, as granite, gneiss, &c. and the derivative, as rubble stone, breccias, &c.


  


  § 1. Of Granite, and Granitic Compounds.


  By granitic compounds, I mean granitines, granitells, and granilites. As they are frequently found in the same mountain; among granitines and granilites, I comprehend sienite, according to the proportion of its ingredients; and among granitells I reckon grunstein.


  Granite is most commonly found in huge blocks, separated from each other by rifts irregularly disposed; but it has also been found forming strata, either vertical or nearly so, or horizontal, in Siberia. Renov. 37. Ferb. Ad. Petropol. 1782, 2 Part, p. 201. 4 N. Ad. 285. 1 Berg. Jour. 1791, 85, Charp. 389, and in the Pyrenees, La Peyrouse traité des Mines de Fer, p. 329, and Descript. des Pyrenees, 172; and by Sauss. 6 Sauss. 317. 322: sometimes it is found in rounded blocks with earth between them, La Peyrouse Loc. Cit. 332. The largest mass of granite is that called the Pearl diamond, thirty miles from the Cape of Good Hope; its circumference is half a mile, and its height about 400 feet. Phil. Trans. 1778, 102.


  In Dauoria it is frequently shot through or impregnated with calcareous particles, or contains primitive limestone as a constituent part, or calcareous spar; per Patrin, 38 Roz. 231. 235. 7 Sauss. 83. It is also frequently shot through with calces of iron; sometimes it contains red or brown haematites, or compact brown iron stone, or tin stone, as in Leske, G. 62, &c. Sometimes galena, or native silver, or black cobalt ore. 2 Widenm. 1004; gold, copper, bismuth, martial and arsenical pyrites, and molybdena more rarely. 7 Sauss. 274. 2 Lenz. 335. Flints have also been found in nests in it in Bohemia. Werner's Cronstedt. 138. And various parasitic stones; see 2 Lenz. 334. and Garnets, 3 N. Nord. Beytr. 175. Layers of limestone are never found in it, but lumps of gneiss sometimes are. Werner Kurze Classis. 9. Argillite has also been found stuck in granite. Born Hungary, 207. A lump of crystallized calcareous spar has been found in the midst of a block of granite, not occupying a particular space, but entering into the composition of a particular part of the granite. 39 Roz. 9. And at Gedre and Gavernie, it has been observed inclosed between strata of primitive limestone. 13 An. Chy. 166.


  Granite, with sienites and grunstein, is found on the summit of Mont Blanc, 7 Sauss. 280. 288. Nay the whole mountain consists of it. Ibid. 385. The highest mountains are of the granitic kind, and from their partial decomposition afford lofty spires and various grotesque figures; they are commonly covered with moss. Pallas 1 Act. Petropol. 24, 25. 1 Sauss. § 131. It is one of the rocks most universally diffused through the globe. Voight Prack. 29. Lasius thinks it the basis of all the mountains in the Hartz. Lasius, 65. Masses of granite are often found at a distance from the mountains to which they belong; these, incredible as it may seem, have, in some cases, been carried off by an immense torrent. Thus in Swisserland in 1775, a sudden southerly wind having partly dissolved, and partly loosened, an enormous mass of ice, it was carried down to a narrow passage, which stopped for some time the waters that usually flowed down through that passage; but these at last collecting, forced it down that passage, and dashed it with such insuperable violence against the obstructing rocks, as to bear down in its descent, to considerable distances, granitic masses of several hundred cubic feet, 1 Helvet. 9, 10. In some cases, where higher mountains of another class intervene, these blocks might have rolled down, or have been carried down, from granitic mountains, originally much higher, but since degraded, and before the vallies that now separate them from the intervening mountains were formed. Such as are found on the summits of mountains, might have been the remains of the decomposition of still larger and higher masses; or may have been shattered by lightning. Some may have been bolted off by the shock of an earthquake; some may have been fragments of a granitic mountain swallowed up, after various convulsions, by the earth (as near Geneva; see 33 Roz. 8.); and some may be regenerated granite, resulting from the reunion of the sand of a decomposed granite. Granite and sienite have, in some instances, been found superimposed on other rocks of the primeval class. Pallas found granite reposing on argillite; and sienite, on argillite or gneiss. 3 Helvet. Magaz. 175. 2 Pallas Reiss, 517. 520. And also Soulavie in the Cevennes, 2 Soulav. 162. And La Peyrouse in the Pyrenees, Sur les Mines de Fer, 329. Or on serpentine, or a compound of serpentine and jade. Ibid. Voight on hornblende slate at Ehrenberg. 2 Berg. Jour. 1790, 300. Soulavie on primeval limestone; and not piercing through it, as some have imagined, for a gallery was worked through the limestone under the granite, without meeting the granite. 1 Soulavie France Meridionale, 374, 375, 377, 378; and the anonymous author of Description des Pyrenees, 144. But masses of granite have often tumbled on limestone, and hence have been erroneously thought to have originally reposed on it, per Ferber, Act. Petrop. 1783, 298, 299. But far oftner, and almost universally, granite serves as a basis on which other rocks, both primitive and secondary, rest. Thus, it underlays argillites, gneiss, and limestone, most commonly, per Ferber, Act. Petrop. 1782, 2 part, 208. granular limestone, jasper, breccias, serpentine, and porphyry. 1 Gerh. Gesch. 66. 3. Soulavie, 72. Ferber Bohemia, 106. And in the Alps, shistose mica, argillite, hornslate, and limestone repose on sienite. 3 Helvet. Mag. 175. 4 Helvet. Mag. 267. 312. 315. The mountain of Taberg in Sweden, rests on grunstein, consisting of felspar and hornblende. 2 Bergm. Jour. 1789, 2002. It is also frequently surrounded and invested with rocks of various species, which lean on it at various heights, but which its summit surpasses. Thus in the Tyrole, the granite pierces through, and rises above, the argillite that surrounds it. Ferber Italy, 46. And in the Pyrenees. 13 An. Chy. 164. It sometimes alternates, and sometimes is mixed with other stones, see § 20. It sometimes decomposes into concentric layers. Charp. 31.


  Granite is also sometimes newly formed, not as to its individual component particles, but in respect to the reunion of the grains that compose it. A stratum of this sort, Mr. Gerhard met with at Schreiberhau in Silesia, and D'Arcet near Bareges, over argillite and limestone. 1 Ger. Gesch. 68. This regeneration takes place, as Lasius well remarks, when the granitic sand lies in a damp situation, and screened from a free access of air; thus he found granitic sand, employed in filling a dyke in the Elbe, to have hardened to such a degree, in the space of sixty years, as not only to prevent the passage of water, but to present solid masses, scarcely distinguishable from native original granite, and, where contiguous to this last, to be difficultly separated from it by a blow. Lasius Hartz, 91, 92. Friesbben, 189. Mr. De La Coudroniere also observed on the banks of the Mississippi, mountains of sand half converted into granite, and in the midst of one of them a branch of green oak petrified. 21 Roz. 237. Granite is also found in veins, and consequently of modern formation, as Werner observes. Werner Enstehung der Gange, § 49. and 1 Sauss. § 600, 601. Bartollozzi found a passage anciently wrought to extract crystals in mount Baveno, filled by a vein of regenerated granite, 21 Roz. 468. Lavoisier also found near the mountain of St. Hypolite, two alternating beds of indurated granite, or, as he calls it, true granite, intercepted betwixt two beds of granitic sand that lay over each: this must have been regenerated granite, formed by infiltration from the superior granitic sand. Mem. Par, 1778, 439. Saussure found it also in the fissures of gneiss. 1 Sauss. 601. Pallas thinks that all stratified granite is formed of the decomposed grains of the primitive blocks. 2 Nev. Nord, Beytr. 366.


  § 2 Of Gneiss, and Shistose Mica.


  I treat of these together, as they are chiefly distinguished from each other by the absence, or presence, of felspar; in most other particulars they agree, insomuch, that some authors (1 Gerhard Gesch. 62.) comprehend both under the name of gneiss. Stellstein also is another name by which it is often denoted. Gerh. Ibid, and Berg. Kalend. Both are stratified. 1 Ger. Gesch. § 51, and generally in the direction of the mica. Voight Prack. 32.


  Gneiss frequently contains huge masses or layers of granular limestone, as Saussure observed in Mount Simplon. 37 Roz. 7. And Charpentier in Saxony. Charp. 173, 174. And blocks of granite perfectly incorporate with, and pass into it. Charp. 391. 2 Sauss. § 676, and 8 Sauss. 64. And huge masses of felspar. 1 Gerh. Gesch. 85. Or vast layers of porphyry, as at the mountain of Kimersdorf, either argillaceous, or petrosiliceous. 2 Berg. Jour. 1790, 455, 456, 457. Often also strata of hornblende slate; and hornblende sometimes enters into its composition. Berg. Kal. 202. Trap also has been found in it. 4 Helv. Mag. 546. It is also remarkably metalliferous; most of the Saxon and Bohemian mines are seated in it. Berg. Kal. 203. Shistose mica also contains, sometimes, beds of primeval limestone, or hornblende slate. Berg, Kal. 204. also calcareous spar, sappare, and garnets, as already mentioned. In metallic substances it is nearly as rich as gneiss. Mountains of gneiss are not so high nor so steep as those of granite, Mount Rose in Italy, and a few others, excepted; and their summits are generally more rounded. Gneiss rests mostly on granite, but sometimes on argillite, porphyry, serpentine, granular limestone, or trap. Per Charpentier. 4 Helvet. Mag. 545, 546. 2 Lenz. 341. Or sandstone. 2 Lenz. Ibid.


  It sometimes underlays granite (see granite). At Montevideo in Mexico Granite and gneiss alternate with each other. 1 Berg. Jour. 1789, 193. It sometimes alternates with argillite. 5 Sauss. § 1219. Sometimes with granular limestone. Charp. 2 Lettere Oritologice al Signor Arduino. Shistose mica also rests on granite, or porphyry. 2 Lenz. 345. It underlays argillite, limestone, and sandstone. 2 Lenz. 345. Voight Prack. 38.


  Where gneiss is contiguous to granite, its quartz and felspar are more apparent, and the micaceous part less predominant. 1 Gerh. Gesch. 78. And where most distant from granite, the contrary happens, and it often graduates into argillite. Ibid. Or into siliceous shistus. Id. 83. The nearer it is to metallic veins, the more earthy or softer it becomes. Id. 80. Charp. 79. That gneiss and granite were frequently at least contemporaneous, appears from this, that metallic veins run without interruption from one to the other. Charp. 256. Sometimes a disintegrated granite reappears in the form of gneiss. Flurl Bavaria, 3: 0.


  §3 Siliceous Shistus and Basanite


  In upper Lusatia an entire mountain is formed of it. Karsten on Leske, G. p. 21. Charp. 24. And no petrifactions are found in it. Ibid. 26. And in Siberia, per Herman, in 1 Berg. Jour. 1791, 82, and as Renov. 31. says of blue hornslate, which I suppose to be either siliceous shistus, or basanite. It is also found in the Alps between gneiss and hornstone. 4 Helv, Mag. 115. Yet Werner in Pabst's catalogue, p. 236, places it among secondary rocks; Voight places it among the primary (but confounds it with siliciferous argillite. Prack. 43), and Charpentier, 4 Helv. Mag. 547. Schlangenberg in Siberia mostly consists of it, mixed with hornblende and felspar. Renov. 86 and 89. It is found among the primitive rocks of Altai. Renov. 86. He calls it hornshiefer. It frequently occurs in argillitic mountains. 2 Lenz. 351. It often makes right angles with the argillite, and passes into it. 3 Helv. Mag 252. It frequently forms high grotesque cliffs, reposes on, and even strongly adheres to granite. 2 Friesleben, 203. Charp. 22. It seems to be what Lasius calls silicited trap. N. 73. whose specific gravity is 2,685. Lasius, 124. When black it seems intermediate between siliceous shistus and Lydian and quartz. Friesleben, 201. Others also call it hornfels. When mixed with hornblende it looks greenish grey, and becomes heavier. Friesleben, 208. May it not be the petrosilex, 2 Sauss. 40. § 1045. and which he call palaiopetre. Vol. 5, in 8vo. § 1194? The only difference is, that its transparency seems greater than that of siliceous shistus. The thinness of the lamellae of Saussure's seems to proceed from horizontal cracks. See also 5 Sauss. in 8vo. p. 77, § 1223.


  § 4. Jasper.


  Mountains of striped jasper occur in Siberia, and often with breccias, but without petrifactions, per Herman. I Berg. Jour. 1791, p. 84 and 94. Of red jasper, Ibid. 88. And also of green jasper. 2 Gmelin, 81. (French.) It often forms thick strata in mountains of shistose mica in the Appenines. Ferber Italy, 109. and in Siberia 2 Herm. 281. In Saxony it is found alternating with, and sometimes mixed with, compact red iron stone. 2 Berg. Jour. 1788, 485.


  In the south of France it occurs reposing on granite, and underlaying basalt. 3 Soulavie, 72. In the Altaischan mountains it has never been found in contact with granite, but it sometimes underlays argillite. 6 Nev. Nord. Beytr. 115.


  § 5. Hornstone, Petrosilex


  This is one of those stones which occurs of primary, as well as of secondary formation. In Siberia, mountains of hornstone in which fragments of hornblende and felspar are dispersed, occur. Renovantz, 31. And hornstone penetrated with limestone, is found in mighty layers in Douria, but without petrifactions. 1 Chy. Ann. 1791. 155 and 345. And Patrin in 38 Roz. According to Dolomieu, 44 Roz, 247, petrosilex is found only in primitive mountains; but the contrary will be shewn in Chap. II. § 4. At Menard in Forez, it is frequently found mixed with pitchstone, per Bowman. 30 Roz. 377. But query, May we not distinguish with Saussure a primary and secondary? Near Bidart black hornstone is found alternating in thin layers with a coarse (seemingly primary) limestone. Descript. Pyren. 2. Saussure found it on the summit of Mont Blanc. 7 Sauss. 275. 287.


  § 6. Quartz.


  The mountain of Kultuck, on the S.W. end of the lake Baikal, 350 feet high, and 4800 long, and still broader, consists entirely of milk-white quartz; per Laxman 1 Chy. An. 1785, 265. also Flinzberg in Lusatia, almost entirely. 2 Berg. Jour. 1789, 1054. There is also an extensive narrow ridge of quartz, some miles long, in Bavaria. 2 Berg. Jour. 1790, 529, &c. Flurl Bavaria, 309. Monnet mentions a rock of quartz 60 feet high. 17 Roz. 163. Mountains of it also occur in Thuringia. Voight Prack. 69. and in Silesia. Gerh. Beytr. 87. and in Saxony. 1 Berg. Jour. 1788, 269. and in layers between gneiss and slate mica. 2 Lenz. also in Scotland. 2 Wms. 52. It is not metalliferous. Werner Kurze Classis. 15. Petrol is often found in it. 1 Berg. Jour. 1791, 91. The mountain of Swetlaia-Gora, among the Uralian, consists of round grains of quartz, white and transparent, and of the size of a pea, united without any cement. 2 Herm. 278.


  § 7. Pitchstone.


  In Misnia, it forms entire mountains. 2 Berg. Jour. 1788, 491. And in other mountains huge strata that alternate with porphyry, and as they contain abundance of quartz and felspar may be called pitchstone porphyry. Ibid, and 1 Emerling, 264.


  I do not find it mentioned among primitive stones, except when a porphyry; see Karstenin Leske. It is often the substance of which petrified wood consists. It sometimes alternated with granite. Chap. 63.


  § 8. Hornblende and Hornblende Slate.


  Mountains of black hornblende exist in Siberia. Revantz. 32. as the Tigereck. 4 Nev. Nord. Beytr. 192. and others mentioned by 2 Herm. 271. Frequently mixed with quartz, mica, or felspar, or shorl, and either greenish or black. Ibid. But it is more commonly found in mighty strata, as in Saxony; or still oftener as a constituent part of other primeval rocks, as in sienite and grunstein; sometimes in layers in gneiss, or granular limestone, or argillite; and sometimes in horn porphyry. 2 Berg. Jour. 1788. 508. 1 Lenz. 325. 1 Emerling, 325. or in the gullies of granite. Herm. Ibid, hornblende slate was observed among the primeval rocks on the ascent of Mont Blanc. 7 Sauss. 241. 253. mixed with plombago. Ibid, and on its summit. Ibid. 289 Strata of shistose hornblende occur sometimes in gneiss, as already mentioned. At Miltiz, a stratum of it has been found over granular limestone. Voight Prack. 33. In lower Silesia, it has been found on sienite. 4. Berl. Beob. 349. Granite sometimes rests on it. 2. Berg. Jour. 1790, 300. Voight Mineral. Abhandl. 25. Hence there can be no doubt of its being a primitive stone. A mountain of it of exists in Transylvania. 1 Bergb. 40. Nay, granite has been found in it. 1 Berg. Jour. 1789, 171. It is frequently mixed with mica, more rarely with visible quartz. Emerling.


  § 9. Indurated Lithomarga.


  This often occurs in the rifts, or joints, or intervals, of beds of gneiss, porphyry, serpentine, and also in topaz rock, and, therefore, must be primitive, if not deriving from decomposition. It often also forms nests in traps, basalts, or amygdoloids. Emerl. 359.


  § 10. Argillite.


  It forms whole mountains, Voight Prack, 38. But more commonly, only partially enters into them, as in Saxony. Charp, 175. Or entire strata, as at Zillerthal in Tyrole, its mountains are of gentle ascent.


  There is no doubt of its being often primitive, for in Saxony it frequently alternates with gneiss and shistose mica. 3 Helvet. Mag. 190. 1 Berg. Jour. 1792, 536. And with primitive limestone. 8 Sauss. 144. And in Hanover granular limestone is found betwixt its layers. 1 Bergm. Jour. 1791, 306. We have also seen that both granite and gneiss often rest upon it. Both Karsten 3 Helvet. Mag. and Monnet in 25 Roz. 85, sufficiently establish this distinction. There are two sorts of it particularly to be attended to, the harder and the softer; the harder border upon and often pass into siliceous shistus, or basanite, or hornblende slate. The softer border upon or pass into trap, or wacken, or rubble stone, or rubble slate, or coticular slate, or indurated clay, and the harder often graduate into the softer. 3 New Nord. Beytr. 169. Or border upon the muriatic genus and pass into shistose chlorite, or shistose talc, or gneiss or shistose mica. It often contains quartz, both in veins and betwixt its laminae. Voight Prack. 41. More rarely felspar, shorl, garnets or hornblende and granular limestone. Berg. Kal. 205, 206. The softer sorts are remarkably metalliferous. Bergm. Kal. Voight Prack. 40. The famous mountains of Potosi consist of it chiefly. 1 Bergm. Jour. 1792, 545. In Saxony it is found in primitive limestone, 2 Bergm. Jour. 1792, 134, and often mixed with it, as in Leske, G. 328. It is so much the more siliciferous as it approaches more to granitic mountains. Lasius 121. It passes into rubble stone. 2 Bergm. Jour. 2788, 498. In the argillites of the Pyrenees no organic remains are to be found. Descrip. Pyren. 27. Saussure found it in the snowy regions of Mount Blanc. 7 Sauss. 256.


  § 11. Trap.


  On the subject of this rock I must enter into a long detail, on account of the various false or imperfect descriptions given of it, and the various species of stones that have, on that account, been erroneously denoted by this appellation.


  In the first place it must be allowed that as this name is come to us from Sweden, the description and properties of it given by the most exact Swedish Mineralogists should be those which we should also adopt and denote by that name. Among those Mineralogists I select Cronstedt, Bergman, Wallerius and Hermelin. Cronstedt defines trap to be a rock formed of soft martial jasper, or an indurated martial clay. § 265 of Brunich's, or 267 of Engestrom's English translation. "Its colour is dark grey, as that of the top of Kinneculla, and that of Kunneberg in West Gothland, or black, as that of Stahlberget in Dalarne, or Hallefors, Salbergmine, Norberg in Westmanland and Ostersilverberget in Dalarne; or grey, as that of Dalwick, or bluish, as that of Ostersilverberget, or deep brown, as that of Gello in Norway, or reddish, as that of Bragnas in Norway, or Dalstugun in Dalarne. It forms whole mountains, as Hunneberg, or Drammen, but is oftener found in the form of veins in mountains of another kind, running in a serpentine manner across the direction of the rock. Where it is pressed close it seems to be perfectly free from heterogenous substances. But where not pressed, it appears less homogeneous. When very coarse, it is interspersed with felspar, but it is not certain that the finer sorts contain any. Besides there are some fibrous particles in it, and something that resembles calcareous spar, but which does not effervesce with acids, and melts as easily as the stone itself into a black solid glass." We have of that found on the summit of Kinneculla, (which consequently is least compressed and apparently contains heterogenous particles) 2 specimens in Leske's cabinet G. 252. and S. 145. The colour is grey, as Cronstedt described, from a visible mixture of black hornblende and white quartz; but the hornblende in far greater proportion; its lustre 2, or 0; and that of the quartz 1, or 0; a few particles of yellowish felspar may also be distinguished in both. Cronstedt distinuishes three varieties, namely, the coarse grained spicular, the coarse grained granular, and the fine grained: these last he calls touch stone, which are those already mentioned of Hellefors, Norberg, Dalwich, and Dolstugun. The fracture of the first, which are from the summit of Kinneculla, I found to be the coarse grained earthy; hardness 9; specific gravity of one specimen 2,949, of another 2,947. "Calcined it cracks and reddens, and on essaying it, yields 12 or more per cent, of iron; no other sort of ore is found in it, unless now and then somewhat superfîcial in its fissures, for it is commonly cracked, even to a great depth, in acute angles, or in the form of large rhomboidal dice. By exposure to the air it slightly decays, and leaves a brown powder." The fine grained black, which Cronstedt called touchstone, is now allowed to be that now called basalt, and, consequently, differing from trap only in grain, and in being, apparently, more homogeneous; see Karsten on Leske, 201. But its composition is evidently the same, as will appear, still more clearly, from Bergman's account.


  Bergman in his letter to Vantroil, p. 392, tells us, "that trap is generally found in square irregular cubes, whence it probably obtained its denomination on account of some similarity with stones used for stair-cases. It is also found in prismatic triangular forms, though rarely; as also in the form of immense pillars, as those called traelstenar at the foot of Hunneberg, which have separated themselves from the remaining part of the bed." And in his account of the mountains of West Gothland, he says, that in the spring season, this stone often cracks into rhombic fragments. 5 Berg. 116, 117. On comparing the basaltic pillars of Staffa with the fine grained traps, he found their colour, fracture, and hardness, the same; the specific gravity of the Staffa pillars was 3,000, that of the trap 2,990. Their relation to fire, and to acids, the nature and proportion of their component parts, he found also to agree as nearly as possible. Vontroil, 394, &c. 3 Bergm 212. He tells us, that in Sweden it forms slender veins in primeval mountains. Ibid. 214. Wallerius also adheres to Cronstedt's definition. He calls it corneous trapezius. Sp. 172. Its colour, he tells us, is black, grey, bluish, greenish, or reddish; the black forms a sort of touchstone, and takes a polish,—occurs in mountains divided into cubes or rhomboidal figures; fracture conchoidal, sometimes presenting scaly, sometimes spicular, concretions; hardness 9, specific gravity 2,800; heated quickly, it decrepitates; if more slowly, it hardens, and at last melts into a solid black glass. It sometimes slightly effervesces with acids. It contains from 8 to 15 per cent. of iron. He refers it to the same mountains as Cronstedt. Baron Hermelin also calls the upper stratum of Kinneculla, a trap, and refers to Cronstedt; he allows it from 8 to 16 per cent, of iron. Schwed. Abhandl. 1767, 26. but he means iron in its metallic state. Hence we may infer, with Bergman, that the close grained trap and basalt are exactly the same, both as to external and internal characters, and that the fine grained differs from the close grained, only In the minuteness of the particles that compose them, arising solely from compressions as Cronstedt well remarked. The quantity of iron, we see, is variable, from 8 to 16 per cent. in the dry way; but in the moist way, Bergman found it to amount to 25 per cent. This, however, I believe is rather too much; I believe it rather to be from 12 to 22 per cent, and hence from the difference of a finer or coarser grain, the variation of the specific gravity from 2,800, or at least from 2,78 to 3,000, or 3,021. The specific gravity of ferrilite I marked too low, for I find it 2,800.


  Many are inclined to place trap among aggregates or compound stones, on account of the number of foreign stones that are often found stuck in it, and which I have already enumerated in my first volume; but as this composition is neither determinate nor constant as it is in granites and porphyries, I think it proper to leave it among the simple stones, all of which are susceptible of such compound appearances; notwithstanding the easy fusibility of trap and basalt in clay crucibles, Klaproth found it infusible in a crucible made of charcoal, 1 Klapr. 7. Probably because the iron, to which it owes its fusibility, had absorbed too great a quantity of carbon, and was thus converted into plombago; or, rather, because the iron to which its fusibility is due, was reduced to a metallic state. Gerhard tells us, that a stone, which he call jaspis trapezius, and which, he says, is the trap, and corneus trapezius of Wallerius, was not melted in a clay crucible. 2 Gerh. Gesch 22. N. 52. possibly it may have been a real jasper that he used, or perhaps a trap so highly impregnated with carbon as to be difficultly fusible.


  Renovantz tells us, that the Russian government of Olonitz abounds in mountains of trap, several specimens of which occur in Leske S. from N. 90 to N. 109; but all of them are not genuine trap, for instance. N. 94, of which I found the specific gravity to be only 2,747; and as Karsten remarks only a few specks of acicular hornblende are discernible in it; its colour is dark greenish grey, from a mixture of minute white specks, and in some places brownish grey; its fracture uneven or earthy; hardness 9, it therefore contains a mixture of wacken.


  Sienite is also often mistaken for trap; thus the specimen in Leske, S. 1316, approaches nearly to trap, but its specific gravity is only 2,713; its colour is dark grey, from a mixture of white particles of various sizes, with a ground which at first light appears black, but on close inspection, or viewed through a lens, appears reddish black. Lustre 0; transparent where thin, 1 or 2; the transmitted light is whitish and yellowish; fracture coarse grained earthy; hardness 9. Again, the specimens S 504; Karsten calls a "stone in which a large proportion of quartz and hornblende are mixed, and perhaps a variety of trap." This is N. 4 of Voight's first collection; and in the catalogue annexed to his Geological Letters, p. 68, he calls it a "granitic mixture of hornblende and a whitish grey quartzy substance." Yet he does not allow it to be a quartz, because it difficultly gives fire with steel. Afterwards in his Mineralogical Description of Ilmenau, he calls it a "granitic mixture of hornblende, quartz, and felspar," p. 8. In the next page he calls it a grunstein, as hornblende is the principal ingredient. In his second catalogue, p. 13, N. 5, he calls it a granitic mixture of black hornblende and white compact felspar, and thinks it may be called a sienite; its colour is speckled grey, from a visible mixture of black hornblende and a greyish white stone, which has, indeed, a quartzy appearance, with nearly an equal proportion of hornblende and some dark red knobs, that appear to be dull garnets. Lustre of the hornblende, in a direct view 2, in an oblique 0; of the white stone 1 or 0; transparency of the hornblende 0, of the white stone 1, transmitting a yellowish light; fracture, coarse grained earthy, tending to the uneven; hardness 9; specific gravity 2,933; hence it appears to be a trap; and the white stone cannot be a common felspar, else its specific gravity would be lower. Lasius thinks that trap and basalt can be distinguished only by their situation in their natural abodes. (Lagerstadt.) Basalt, he says, never has any regular direction, whereas trap has both direction and dip. Hartz. 128. Yet Karsten, near Winneburgh, found basalt in strata that dipped to the E. under an angle of 60°, stretching from N. to S. 1 Bergm. Jour. 1788, 337. Werner cites other instances in 2 Bergm. Jour. 1788, p. 890 and the annexed note. Charpentier also mentions layers of it, p. 19. Widenman comprehends both trap and wacken under the same species, though they differ much in specific gravity, and hardness, and grain; and wacken never contains compact felspar, as trap often does: Charpentier distinguishes them exactly, though he thinks the Swedes did not. Saxony, p. 187. Hence he constantly denotes both trap and basalt by the name basalt, According to Werner, basalt, wacken, hornblende, and shistose porphyry, are of the same formation; the Swedish mineralogists, he thinks, comprehended them all under the name of trap 2 Berg. Jour. 1789. Yet it is evident that neither Cronstedt, Wallerius, nor Bergman, confounded hornblende and trap: as to basaltic pillars (except those of Hunneberg) they appear not to have been acquainted with them; Bergman indeed knew them, and distinguished them only as varieties, as I do.


  Karsten, in his catalogue of the Leskean cabinet, denotes both trap and basalt by the name of basalt, except in the geographical part; he thinks trap should be reckoned an aggregate of hornblende, felspar, and quartz, the quartz only visible in white specks, and the felspar in oblong particles, imbedded as in shistose porphyry, and the hornblende the prevailing ingredient. Note to Leske, G 269. Specular and magnetic iron stone, and calcareous spar, he thinks peculiar to it, as garnets to slate mica; Charpentier and Nose also constantly denote what I call trap, by the name of basalt. Dolomieu in 44 Roz. 256, describes trap by contrasting its characters with those of a stone, which he calls roche de corne; a stone which he distinguishes from hornblende, and whose characters are described only by contrasting them with those of trap. As I can form no idea of this stone, I confess the whole to me is unintelligible. Faujas in his treatise on traps, p. 2, justly remarks that the "denomination roche de corne is purely ideal, and only serves to lead into error." The Germans avow they do not know how to translate it. 1 Berg. Journ. 1792, 459, and 2 Berg. Journ. 1792, 468, in note. The learned anonymous author of a Description of the Pyrenees, says, "this denomination has been applied to so many different substances, that I dare not use it." Pref. XV.


  Faujas, deriving his knowledge from the Swedes, has given the best account of traps hitherto extant; it is only to be regretted that he has omitted its external characters: he allows it can be distinguished from basalt only by local circumstances. The name basalt he confines to this substance when of volcanic origin; an origination to which it is well known he is strongly attached, and which I have endeavoured to refute in the first volume of my Mineralogy: he does not distinguish it from wacken. This seems, however, to be the sixth variety of his homogeneous traps.


  Karsten thinks trap compounded of hornblende, quartz, and felspar, and certainly the ingredients of these are found in it, but not in the same proportion as in any mixture of the three, as I have already shewn: he does not extend this composition to basalt; yet, whatever are the ingredients of trap, the same must be those of basalt, as they differ only in solidity and figure, and the solidity arises entirely from compression, as Cronstedt has remarked; the various crystallized stones that may occur in trap, are merely parasitic, and basalt is not destitute of them, only they are smaller.


  To form an idea of the composition of this stone and the adjacent species, we must consider the educts of its analysis, by Bergman, Gerhard, Faujas, and Saussure: these are,
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  Hence, taking Bergman's analysis for a standard, we learn, 1°, That the siliceous part may be increased or diminished 1/5 without any change of the species, the argillaceous 1/3, the calcareous may be increased 1/3, but not diminished. The magnesia may be absent, and the iron maybe diminished a few grains.


  2°. We learn to distinguish decayed ricketty basalts from porous lavas. In the first, we find the quantity of iron much the same as in undecayed basalts, for 29 per cent. of the yellow calx contains nearly the same quantity of metallic iron as 25 of the black calx, which is that found in basalt, but the quantity of silex is diminished considerably; the proportion of argil, on the other hand, is doubled, and that of calx reduced whereas in the lava the quantity of silex is increased, and also that of argil somewhat, but that of calx and that of iron considerably diminished: this may go a great way towards deciding the controversy touching the suspicious fossils of Fulda, &c.


  With respect to the kindred species of rocks or stone, we may lay it down as a certain truth, that if the proportion of one or more of the constituent parts of basalt or trap be notably altered (the others remaining with respect to each other in the original proportion, or one of them vanishing), either the specific gravity, colour, or hardness, or all three, will also be altered; a notable alteration is, that which exceeds the limits already mentioned.


  Thus, if the proportion of silex be increased to its utmost limit nearly, and that of iron diminished about 1/3, the other ingredients constant, we shall have toadstone, and the whins whose specific gravity exceeds or amounts to 2,780. If the quantity of iron be reduced to 10 or 12 per cent, we shall probably have the lighter whins, whose specific gravity is between 2,72 and 2,78, and to these the name of whin should exclusively be confined, the heavier being traps. If the quantity be reduced to 7 or 8 per cent. this will probably form the hornslate of Voight, or, if it contains felspar, the shistose porphyry of Werner [58]. If the proportion of silex be increased, and the argil eliminated, and the iron nearly so, with some addition of carbon, then we shall have siliceous shistus.


  On the other hand, if the proportion of silex be at its lowest limit nearly, and that of argil increased 2 or 3 fifths, and that of magnesia increased to 12 or 15 per cent, that of iron being constant, or nearly so, and that of calx diminished a few grains, we shall have hornblende.
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  Lastly, 46 silex, 26 argil, 8 magnesia, 4 calx, 14 iron, gives the heavier argillites whose specific gravity passes 2,800.


  As in the series of colours exhibited in the prismatic spectum> seven principal colours are distinguished, notwithstanding the numerous shades through which they pass into each other; so I think a natural series of stones might be formed, taking in not only the composition, but also the texture, grain, and specific gravity: even imaginary compositions when grounded on analogy, are of use towards fixing our ideas until real and secure analyses are obtained.


  That trap is often of primeval and often of secondary formation, will appear by the observations I shall now mention, and those that will occur in the next chapter.


  1°. It is found in huge strata in the midst of gneiss, per Charpentier, 4 Helv. Mag. 545, 546, and crystallised mica in the midst of it. Gerhard found veins of it in the midst of gneiss, at Krobsdorf in Silesia, 3 Crell. Beytr. 3 Stuck. 7. And Reuss, in Bohemia, Mittel. Geb. 94, 196: also in granite, 2 Berl. Beob. 197, Ferb. 4 Helv. Mag. 156.


  2°. It has been found alternating with granite near St. Malo, Faujas Trap 86, and with gneiss, Charp. 187.


  3°. The nearer trap is to granite, the harder it becomes, which shews they originated at the same time, Lasius, 121. Veins of quartz about one foot deep, have been found on the surface of a mountain of trap, 1 Nev. Nord. Beytr. 143, 145. Mandelstein (or Amygdaloid) sometimes belongs to primary, sometimes to secondary mountains, Werner, 13; it forms whole mountains in the territory of Deux Ponts, Lasius 259; in Norway it reposes on granite, Haiding 52. Wacken is also found in gneiss and slate mica, Charp. 81.3 Helv. Mag. 236; it even alternates with gneiss, Charp. 187.


  As trap contains aerated calx, it is plain its formation was subsequent to that of fixed air; but so also were some granites and other primitive stones, for it is not to be imagined that all were every where formed at the same exact time.


  Trap sometimes alternates with argillite, as at Leidenberg, 1 Nose 209. Sometimes with serpentine, 1 Nev. Nord. Beytr. 146. Black limestone has frequently been mistaken for trap, Nose Samlung 274, 278.


  I am convinced that serpentine also, especially when containing hornblende, has been taken for trap, and vice versa. Porphyry containing zeolyte has also been thought a trap, Leske G. 237.


  Primeval trap is frequently metalliferous, per Ferber, 4 N. Act. Petropol. 286. It contains iron and copper ores, Ronov. XII. 1 Nev. Nord. Beytr. 140, 143. At Scheibenberg a shaft has been driven under some basaltic pillars that stood upright on the summit of the mountain, but nothing basaltic was found, Charp. 224, 2 Berg. 1. 849, 852: the pillars are also supported by horizontal strata, Ibid.: so that the idea of their being thrown up from underneath is perfectly refuted. Near the lake Onega it is found resting on primitive limestone, 1 Nev. Nord. Beytr. 13 7, and sometimes on argillite, ibid. 149, and the argillite on granite, ibid.; sometimes on a quartzy gneiss, 3 Nev. Nord. Beytr. 173.


  § I2. Serpentine and Pottstone.


  Serpentine is often found in layers alternating with granular limestone, Berg. Kalend. 215, or underlaying it, 8 Sauss. 87, and under gneiss, per Charp. 4 Helvet. Mag. 546; and in his Saxony, p. 398, he shews them to be of contemporaneous formation. Zobtenbeg, in Lower Silesia, consists entirely of serpentine, in which some hornblende is found; its strata are nearly vertical, 4 Berl. Beobacht. 353. Whole mountains of green serpentine are also found in Siberia, 1 Berg. Journ. 1791, 99, 102; in some it contains white felspar, and alternates with jasper, ibid. 103. So also mountains of it exist near Genoa, where it is called gabbro; when it contains veins of white spar, it is called polverezza, Ferber Italy, 118, 119. It forms part of Rabenberg, and is found between gneiss, Charp. 175. It is not metalliferous, Wern. K. Classis. 14; however, magnetic iron stone and veins of copper sometimes traverse it, Berg. Kalend. 216. The mountain of Skiolsdasport in Norway, consists entirely of pottstone, Waller, de Montibus, p. 59; and several occur in Jemptland in Sweden, and some in Tyrol, Haiding 63; they repose on stellstein or hornslate. Asbestiform steatite is likewise found at great heights in the ascent of Mount Blanc, 7 Sauss. 253, and common steatites at the summit, ibid. 280. Serpentine near the White Sea, has been found seated on trap, 1 Nev. Nord. Beytr. 149. and some times on talky quartz, ibid.; sometimes on a quartzy gneiss, 3 Neve Nord. Beytr. 173. The mountain of Regelberg in Germany, which consists of serpentine, is magnetic, its south side attracts the north pole of a magnet, and its north side the south pole, 1 Chy. Ann. 1797, 99, 1 N. Berg. Journ. 257.


  § 13 Porphyry.


  Porphyry has been found under gneiss and alternating with it, and metallic veins traverse both without interruption or deviation, or any alteration in their metallic contents, per Charpent. 4 Helvet. Mag. 545; hence he justly considers them as of contemporary formation. It has also been found in the midst of shistose mica, Berg. Kal. 211, and reciprocally gneiss has been found in the midst of porphyry by Widenman, 4 Helv. Mag. 163. Clay porphyry forms whole mountains in Lower Hungary, but hornstone porphyry seldom does, 1 Berg. Journ. 1789, 600; it there reposes on granite, Haiding, 42.


  Porphyritic mountains form cones, and porphyry like basalt sometimes covers other hills, per Werner, 1 Berg. Journ. 1789, 607 (this however may be secondary). Porphyry is also often found in a columnar form like basalt. See 2 Berg. Journ. 1790, 325. Haiding, 48.


  The saxum metalliferum in Hungary, is a disintegrated porphyry, but in the Palatinate it is a disintegrated amygdaloid (mandelstein) that forms the saxum metalliferum, per Lasius in 1 Beg. Journ. 1791, 312.


  Porphyry generally forms whole mountains, composed of mighty strata; they repose sometimes on granite, 6 Nev. Nord. Beytr. 115; sometimes on gneiss, Haidinger, 46. Charpentier mentions a sort of stone which he calls porphyraceous, though he does not ascribe felspar to it. It consists, he says, of quartz and indurated clay of variable hardness, and containing nests of clay of different colours, or lithomarga. It seems rather a sort of sand-stone, Charp. 69.


  In Siberia it never underlays granite, 6 Nev. Nord. Beytr. 115.


  The porphyries with a base of indurated clay, frequently contain calcedonics, carnelians, amethysts, or zeolyte, 2 Lenz. 363, Leske G. 235, 237. That with a basis of hornstone, often contains galena, black blende, sulphur pyrites, sulphurated bismuth, sidero calcite, or molybdena, 2 Lenz. 365, Berg. Kal. 211,2 Berg. Journ. 1793, 214.


  That which contains zeolyte has often been mistaken for trap, Leske G. 237.


  § 14. Hornslate of Charpentier. Shistose Porphyry of Werner.


  This Charpentier reckons among the primitive rocks, 4 Helv. Mag. 547. Renovantz also found it among the primitive rocks of Altai, Renov. 86, and Patrin mixed with granite and hornblende on the borders of the Baikal, 38 Roz. 227, 229. Mountains of it are found in Siberia, Renov. 31; and Schlangerberg chiefly consists of it with interspersed hornblende and felspar, ibid. 86.


  Also in Bohemia, where it sometimes reposes on, and sometimes underlays trap, Reuss. Bohemia XXXII. and III.; the mountain of Schlossberg consists almost entirely of it, 1 Berg. Journ. 1792, 222; that of Bilinirstein forms pillars like basalt, ibid. 237, and Reuss. M. Geb. 100; and some also in Saxony, Charp. 29. Saussure discovered it near Psaffensprung intercepted between strata of gneiss, 7 Sauss. 91.


  § 15. Sandstone.


  This stone is generally reckoned among the secondary, yet where no organic remains are found in it, where it does not rest on any secondary stone, where no secondary stone enters in its composition, I do not see why it may not be aggregated to the primary. Sand amongst the convulsions occasioned by the volcanic irruptions before the creation of animals, must have been formed, and even independently of these some must have been deposited, during or after the crystallization of the various substances contained in the chaotic fluid, see 5th Sauss. 294. Mount Jorat and the Coteau de Boissy, near Geneva, 1 Sauss. 246, 349, seem to be primeval; so also the sandstone found in the island of Bornholm, 5 Berl. Beobacht. Also that mentioned in 2 Sauss. § 763, which graduates into gneiss, must also be primary, though it contains tumblers (caillous roulés). The sandstone near Lischau, in the vicinity of Prague graduates into hornstone, and even into granite. Mr. Rosler even thinks it to have been originally a granite, whose felspar was decomposed into clay, which then cemented the quartzy grains; a most ingenious and probable conjecture, 1 Bergbau, 339 and 341.


  Most of the arenilitic mountains of Bohemia, on both sides of the Elbe, appear to me primitive, by Reus's Description, see Reuss 96, &c. in the E. and N. parts of Bohemia, many of them are split, or form columns resembling basalts, 2 Berg. Journ. 1792, 70.


  In Bohemia, sandstones with an argillaceous cement alternate with those whose cement is siliceous, Reuss. In Kinneculla, the lowest stratum incumbent on granite seems also to be primitive, over it the secondary strata repose, 29 Swed. Abhand C. 29, 5 Bergm. 126.


  In Brainsdorf in Saxony, it passes into shistose mica and alternates with argillite, 2 Crell. Beytr. 64. In Riegelsdorf it forms the fundamental rock on which semiprotolite immediately lies, which is covered by other secondary strata, 2 Berg. Journ. 1790, 285. Near Oyben and other tracts of Saxony, no petrefactions or conchylaceous impressions are found in it, though in that of Pirna adjoining, they are found, Charp. 24 and 26; it sometimes reposes on hornslate, Charp. 24.


  The mountain Steinthal, in the Vosges, of red sandstone, is considered, by Baron Diedrich, as primeval. 2 Diedr. Gites des Minerais, 209, 210. The sandstone mentioned in 6 Sauss. 81, which alternates with primitive limestone, must also be primitive.


  § 16. Rubble Stone.


  This also is generally thought to be only of secondary formation; Voight and Lasius, indeed, judge it to be among the most ancient of these, yet in the circumstances mentioned in the last section, it seems to me to rank among the primary.


  The rubble stone found in Siberia, on the banks of the Isset, near Kamyschenka, mixed with fragments of serpentine, seems to be primitive; it is not stratified, but in huge masses, 1 Chy. An. 1793, 512, and 2 Herman, 312.


  § 17. Farcilite (Pudding stone), Breccias and Marlites.


  Breccias, consisting of fragments of jasper and flints, cemented by indurated, or rather lapidified clay, occur frequently in Siberia; they are stratified, and appear to be primitive, on the banks of the Sentelek, 1 Berg. Journ. 1791, 83. Whole mountains of marlite are found in the same vicinity; in some, breccias, porphyry, jasper, stratified sandstone, and marlite, alternate with each other; and, therefore, as the Jasper is always primitive, so must, in this instance, all the others, ibid. also an entire mountain of farcilite, containing flints, stuck in a quartzy basis, has been discovered there, ibid. 89.


  The argillitic farcilites found by Mr. Saussure, descending from the mountain of Balme to the Valorsine, 2 Sauss. § 692. appear to me to be primary; they consist of rounded primeval stones in an argillitic cement.


  A mountain of farcilite exists in Siberia, near the rivulet Tulat, consisting of rounded fragments of jasper, calcedony, aigue marine, and carnelian, in a quartzy cement, 1 Berg. Journ. 1791, 81 and 106. Some farcilites with an argillaceous cement, are also found in Dauria, per Patrin, 38 Roz. 22, which he thinks secondary; but by my definition at least, must be primary, as no petrifactions are found in that country.


  At Meisenheim, in the Palatinate, over, and adjoining to vast masses of trap, there are immense heaps, and even a mountain of farcilite, 1 Berg. Journ. 1791, 310. The famous mountain of Monserrat, near Barcelona, seems to be a breccia formed of sandstone, quartz, and basanite, in a calcareous cement, by Bowles's Description, Bowles, 402. Saussure also thinks farcilites may be primitive, 8 Sauss. 290.


  § 18. Granular Limestone.


  That this stone is primeval, and not formed of shells, is now generally agreed upon, see Werner, Voight, Charpentier, Saussure, Ferber, Herman, &c. no petrefactions are ever found in it, nor does it ever rest on, or alternate with secondary rocks; its height frequently exceeds 7 or 8000 feet; and it often underlays primitive rocks. Whole mountains of primeval limestone are found in Stiria, Carinthia, and Carniola, Berg. Kal. 214; and in Swisserland, 4 Helv. Mag. 116; and in the Pyrenees, La Peyrouse, 336; that of Carrara in Italy is well known, Fenster anhors, Jungfrau, Schreckhorn, in Swisserland, all exceed 10,000 feet in height, 4 Helv. Mag. 115, 116; also in Scotland, being probably that which Williams calls mountain limestone, 1 Williams, 58; it often presents lofty spires like granite, 8 Sauss. 332.


  Mountains entirely formed of primitive limestone are not commonly stratified, but consist of huge blocks without any regular dip or direction, like granitic mountains, Lasius Hartz, 60, 175, 176; yet in polygenous primeval mountains it is frequently found in strata; thus in Dauria, near the village of Pechova, it alternates with siliceous shistus, 38 Roz. 298.


  At Altenberg, near the lake of Nevenberg it forms strata, 4 Helv. Mag. 306, Mr. Saussure on Simplon, found it intercepted between layers of shistose mica, Roz, 7; in Saxony it frequently alternates with shistose mica and argillite, Werner, K. Classis. 14, and huge strata of it have been found in gneiss, and shistose mica and argillite, Charp. 85, 86, 87, 174, 201, 400. Berg. Kal. 214; and between sienite and hornblende slate, Voight, Prack. 48. The unigenous limestone mountains of Carniola are stratified, but contain no petrifactions, 2 Phys. Arbeit. 3, 4, 7, One of the most singular mountains of this sort is that of Filabres, Bowles's Spain, 149. It consists of a block of white marble, three miles in circumference and 2000 feet high, without any mixture of other stones or earths, and scarce any fissures; hence the notion of Buffon, that calcareous stones of the sort we call primitive, are of secondary formation, and result from the transudation of lapidific juices from superior strata of conchyferous limestone, is evidently groundless; where? and how high must have been the strata of shelly limestone from whose transudation such a mountain as this, or Schreckhorn, could have resulted? Primitive limestone is not always white, nor is the grain of it always very perceptibly scaly or lamellar, but approaches by reason of its minuteness, so nearly to the compact, as to pass for such; nay, it is said sometimes to discover a splintry fracture, but very rarely; sometimes its texture approaches to the fibrous, 1 Nev. Nord. Beytr. 137. It is frequently dark iron grey, or reddish brown, both in Siberia and in the Alps, and hence has been taken for trap, as already mentioned. So the mountain of Rauschenberg on the frontiers of Bavaria is formed of limestone seemingly compact, filled with spar and without petrifactions, 2 Bergm. Journ. 1 789, 920. So the west side of the Ourals is a chain of mountains of compact limestone in which no petrifactions are found, or only a few scattered impressions, per Pallas, 1 Act. Petrop. 48. The mountains of Wetterhorn, Wellborn, and Burghorn, are primitive limestone, whose fracture is said to be splintry, and their colour greyish yellow, 4 Hel. Mag. 272, 273. A stratum of it free from petrifactions exists in Toschnitz in the forest of Thuringia, but this to me appears suspicious, Voight Prack. 48. As some traces of marine acid are found in secondary limestones, Bergm. Vorlesung. 278, and Georgi in Act. Petropol. 1782, 278, and none are found in primitive limestone, this may be a good test for distinguishing them. The stratum of yellowish and bluish grey limestone, found in the midst of a mountain of sandstone called Kalkberg in Bohemia, Reuss Bohemia, 117, seems to me primitive, though its fracture is splintry, passing to the uneven.


  This stone often contains a mixture of various other species; in Dauria it often contains 50 per cent. of silex. 1 Chy. Ann. 1791, 155. being of cotemporary formation. In Switzerland, Schreckhorn, Fensteraahors, and Jungfrau, consist of limestone mixed with flints and minute quartz. 4 Helvet. Mag. 116. In Stiria it is so mixed with mica as to resemble gneiss, or shistose mica. Werner K. Classis. 15. and Wild montagne saliferes 30; sometimes 1/3 of it is argil and quartz, 38 Roz. 232. Sometimes even hornblende, actinolites, asbestus, steatites, and serpentine, are found mixed with it. Wern. K. Classis. 14. Berg. Kalend. 214. Charpent. 400. 1 Nev. Nord. Beytr. 137. and shorl in Siberia. 1 Chym. Ann. 1791, 345. Its fissures are often filled with spar, and sometimes with quartz. Ferber Italy, 450. Renov. xiii. It sometimes enters in aggregates of the granitic kind, forming singular groups; see the excellent memoir of Mr. Le Febre on this subject in 39 Roz. 354. As 1º fragment of quartz, mica and limestone, confusedly crystallized. 2°. Again actinolite, steatites, quartz, felspar, and granular limestone; another with garnets, both these from the Pyrenees; another of shistose mica, with compressed ovoidal limestone; another from Iceland, in which steatites, shorl, and crystallized mica, are imbedded in the limestone, from Sibbo in Iceland; hence there is no species of stone with which our limestone may not be associated, or into which it may not enter, or which excludes it: it has been found in the centre of a block of granite, in Tyrole, 39 Roz. 9. and rounded agates have been found in it, in Idria, 3 N. Act Petropol. 262. Of metallic substances, few, at least in Europe, are found in it, and these are galena, magnetic iron stone, and, rarely, black blende. 1 Berg. Jour. 1789, 176. Lately also some scattered slips of the black and red silver ores, and sulphur pyrites. Charp. 401. Berg. Kalend, 215. 2 Berg. Jour. 1792, 133 in note. But in Siberia the richest copper mines are found in it. 1 Chy. Ann. 1793, 511. It often reposes on granite, 1 Chym. Ann. 1793, 510. Renov. 32. Gerh. Gesch. 66. or on gneiss. Charp. 217. or on argillite. Ferber Italy, 30. 4 N. Act. Petrop. 285. or on porphyry. Ibid. On the other hand, it often underlays, or is covered by, granite or gneiss. 1 Chy. Ann. 1791, 155. 4 Helv. Mag. 314 and 546. Charp. 218, 39 Roz. 9. Per Dolomieu 1 Berg. Jour. 1789, 174, 175 or argillite, Lasius, 178. or primeval trap. 4 N. Act. Petropol. 286.


  Near Averdach, Lasius found it between strata of argillite. 1 Berg. Jour. 1791, 306. Saussure found gneiss inclosed between its strata. 8 Sauss. 201. The bluish or reddish grey of Saxony is mixed with argillite. 1 Berg. Jour. 1789, 169; sometimes with hornblende, and then is remarkably fusible. Ibid. 171. In the mountain of Campo Longo, not far from St. Gothard, it is found mixed with tremolite, and stratified, 41 Roz. 89. at the height of 6400 feet. When stratified its stratification is always imperfect. 1 Williams, 58. Yet 2 Wms. 22 and 26, it is said to occur frequently regularly stratified.


  Marlite


  This also forms whole mountains without any trace of stratification or animal remains, some of which are also metalliferous in Siberia. 2 Herman, 312.


  § 19. Gypsum, Fluor.


  Fluor, in an earthy or sandy form, has been found at the depth of sixty feet, in a vein of quartz, at Kobola Poiana in Upper Hungary. Emerliner Mineralog. 516. But compact fluor is said to form whole strata in the mountains of the forest of Thuringia. Voight Prack. 70. and Werner Ensteh. der Gange 111. and hence he counts it among primitive stones.


  Gypsum has been found on Mount St. Gothard mixed with mica, 44 Roz. 183. but such instances are exceeding rare, and by Pallas it has been found associated with felspar in Siberia. 5 Nord. Beytr. 280. Baroselenite is found in considerable beds in Savoy. Werner Gange, 111. Might not all these combinations take place in the chaotic fluid?


  Fluors are also found in the cavities of granite at Baveno; in that case they are parasitic. Pini Mem. Surla Crystallization des Felspars, p. 28.


  § 20.Topaz Rock .


  The component parts of this singular aggregate I have already mentioned in my first volume of Mineralogy; it is reckoned among the primitive, both by Werner and Voight; it forms part of a mountain near Averbach in the metalliferous mountains (Erzgebirge) of Saxony, but no metal has as yet been found in it. Various other anomalous aggregates daily occur.


  § 21. Of polygenous primeval Mountains.


  Heretofore it was supposed, that primeval mountains were entire; or, if in an undivided mountain, masses of primeval substances occurred, that they formed collateral parts, without either being subjected to the other; consequently, all stratified mountains were considered as secondary, and called undigenous (flotzgebirge); but of late, in many primeval mountains, strata have been discovered of different kinds, superimposed one upon the other; nay, in some, different aggregates of the primeval have been observed confusedly mixed with each other: a few instances of both I shall here adduce.


  1°. In the Solatarischian mountains in Siberia, argillite, porphyry, and granite, alternate. Renov. 37 [59]


  2°. The mountain of Gardette, in the south of France, consists of granite at bottom, over that gneiss, and over that limestone, per Schrieber. 36 Roz. 355.


  3°. In the circle of Misnia, granular limestone alternates with hornblende slate, and is partly mixed therewith, and hence fusible; in this, shistose, hornblende, felspar, quartz, and mica, are discerned. 1 Berg. Jour. 1789. 171.


  4°. At Ehrenberg, near Ilmenau, granite, shistose hornblende, porphyry, and argillite alternate with each other. Voight Prack. 21.


  5°. At Schneeberg, argillite alternates with gneiss and slate mica. 3 Helv. Mag. 190, from Charpentier.


  6°. Swucku, in the Norwegian chain, consists of petrosilex and porphyry. Waller: de Montibus, 59.


  7°. Hornslate often alternates with trap. 3 Helvet. Mag. 241.


  8°. In Chalances, in Dauphine, gneiss and primitive limestone are jumbled, or mixed together. 24 Roz. 381.


  9°. Saussure describes Mount Jovet, in Savoy, as consisting of several alternating strata of striated steatites, serpentine, hornblende, and a micaceous and quartzy limestone, which is undoubtedly primitive. 2 Sauss. 398.


  10°. On the banks of the Selinga, in Dauria, the mountains consist of granite, hornblende, and hornslate, sometimes alternating, sometimes mixed, per Patrin, 38 Roz. 227. And near the Ingoda, hornslate and granite alternate. Ibid. 229.


  11°. All the primitive stones being in some place or other coeval, seem so mixed as to pass into each other, though as to their nature totally different from each other; for instance, gneiss and primitive limestone. Charp. 201. granite and argillite. Ibid. 283. In the mountain Silberberg in Bavaria, granite, gneiss, and shistose mica, are confusedly mixed with each other. Flurl. 255, 256.


  CHAP. II. OF SECONDARY OR EPIZOOTIC MOUNTAINS.


  § 1. These are either marigenous or alluvial.


  The distinctive character of secondary mountains is the presence of organic remains either in their natural, or petrified state, (or at least of their impressions below the surface) either entering into, and forming the composition of the stony substances of which these mountains consist, or imbedded in them, or lying between their strata, or under them; there may be some, however, as those which evidently derive their origin from the disintegration of primitive mountains, in which no organic remains may be found, as the carboniferous hills. In great chains, the secondary calcareous are generally on the outside; within them the argillitic, and the primary in the midst. 1 Sauss. 402. Pallas, Gentil, Ferber, Born, &c. but elsewhere they frequently lie promiscuously with each other. The secondary, even when otherwise independent, always rest on, and cover, primary; but very commonly also they lean on their sides or invest them. 2 Sauss. 338. § 919. but they are never covered by primary. 1 Gerh. Gesch. 125. Lehm. flotz. Gebirge, 169. 13 Ann. Chy. 164. 167, &c. Quartz and felspar in an arenaceous form are often found in them, and also mica, as in the secondary strata of Mansfeld, 1 Gerh. Gesch. § 72. Between primary and secondary strata, commonly a stone or substance of a middle nature, participating of both, intervenes, as Saussure has well remarked, as farcilite, or sandstone, or breccia. 1 Sauss. § 594, p. 528. the reason of which I have given in my first Essay; this observation was first generalized by Mr. Saussure: the stone itself is called todt liegendes; I call it, from its constitution, semiprotolite, being semiprimigenous. Sometimes petrifactions are found in the upper strata, and none in the lower, 1 Sauss. § 409. p. 333. and Lasius. The strata of secondary mountains are so much the more irregular or inclined as they approach nearer to primary mountains. 1 Sauss. § 287. Secondary mountains or strata are not all of equal antiquity, those in which ammonites and belemnites only are found, seem the most ancient; and, next to these, those in which madrepores and millepores are found. Some are derivative, being formed subsequently to the production of organic substances, and originating from disintegration.


  The principal character by which derivative mountains are distinguished, consists in their exhibiting vegetable substances, or petrifactions, or at least their impressions, or land shells, as those of snails, or fluviatile shells, with either none, or scarce any marine remains, though some of diluvian origin may exhibit these also.


  Secondary mountains are either formed of one species of stone, or of strata of different species, one covering or alternating with the other; the former I call unigenous, the latter polygenous: these are commonly stratified, the former often not. In some, different species are jumbled together, these I call faraginous; they are by some called tertiary, as resulting from the ruins of other mountains, tumultuously and promiscuously heaped together. The substances that form secondary mountains are either calcareous, of which there are various species, or argillaceous, or siliceous, or arenilitic, or ferruginous, or saliniferous, or carboniferous; of both these last mentioned I shall treat of apart. The strata of secondary mountains frequently correspond with each other both in number, species, and thickness, in different mountains, not very distant from each other, as in West Gothland, &c.


  Although no certain order prevails in the disposition of secondary strata, yet there are particular dispositions, which, according to Voight, 2 Berg. 1793, 211, are constantly excluded; thus coal is never found under primitive argillite, &c. but he certainly, in his other instances, only proves that primitive stones are not found over secondary. According to Dolomieu, no stratum of crystallised, or granularly foliated stone, is ever found in secondary mounts. 8 Sauss. 284. he must except gypsum.


  § 2. OF CALCAREOUS MOUNTAINS.


  Limestone.


  During the last period of the crystallization of calcareous stones, fish were created, hence some of these mixed with, and disturbed the crystallization; the stones, however, which were formed in these circumstances, have a much more compact grain than limestones of subsequent formation, which were solidified by a more partial crystallization. In some instances, vast masses or banks of coral have their intervals filled up with crystallized calcareous matter; the stony masses thus formed, are, consequently, not divided in strata, but rather irregularly rifted like primeval masses; of this sort is the mountain of Iberg in the Hartz. Lasius, 180. The petrifactions are scarcely discernible until the stone is somewhat withered. Ibid. 214. and several of the highest calcareous mountains of the Vivarois. 1 Soulavie, 13. as that of Vinezac. Ibid. 190. and the rocks of Bidon. Ibid. 192. and some in Siberia. 4 Nev. Nord. Beytr. 191. were thus formed. But more frequently this limestone forms stratified mountains; as at Burren, in the county of Clare; the lowest strata of these are the broadest, the succeeding strata narrower, so that the ascent is like that of stairs; their height is from 600 to 1200 feet above the level of the sea; no other species of stone interposes between them.


  In many instances, however, thin beds of clay, ochre, and even flints, or hornstone, (and agates near the Volga. 3 Nev. Nord. Beytr. 162.) occur between limestone strata, (2 Herm. 302.) Voight Prack. 109, 110. II Ann. Chy. 226. 1 Soulavie, 189. or even in the midst of a limestone rock. 1 Sauss. 197. In Bohemia the interceding hornstone has been found of the thickness of five or six inches. Reuss Mittel Gebirge, 38, 39. This argil and the siliceous stones are evidently the result of transudation or percolation. In Savoy, Saleve, the Dole, and the Mole, are stratified, an instructive account of which may be seen in Vol. I. of Saussure's Voyages. The shells found in limestone strata are commonly entire; some preserve their internal mother of pearl gloss, and do not therefore appear to have been rolled or transported, but rather to have been successively accumulated in numerous families; and, therefore, not of diluvial origin. In some, the calcareous matter is regularly crystallized, but more commonly confusedly; frequently only the impressions of shells remain; in their rifts calcareous spar or granular limestone often occurs. Some limestones appear to be of late origin, for the shells found in them are of common garden snails; such occur in Siberia, see 7 Kaiser Accad. Naturforsh, 411. 3 Crell. Chy. Archives, 261. vast caverns are frequently formed in the interior of these mountains, or even in plains whole substratum is calcareous rock; these evidently result from the erosion or solution of the softer calcareous particles by water; see Pilkington's Derbyshire, 63. In the Cevennes, conchiferous limestone strata at the summit repose on argillitic, and these again on limestone whose shells are of a different kind, 1 Gensanne Hist. Languedoc, 260, 261.


  Secondary limestone mountains always repose mediately or immediately on some primeval stone; thus in Siberia they have for a basis granite, porphyry, or hornblende. Renov. 75, 76, 3 Ann. Chy. 163. In Saxony they repose on granite. Charp. 51. sometimes on granular limestone. 1 Berg. Jour. 1789, 166. sometimes on argillite, sometimes on sandstone. Ibid. In Sweden they often bear on sandstone. 1 Bergm. Erde. Beschrib. 226. in Swisserland they rest on argillite or gneiss. Ferber, Briefe, 9, 10, &c. or calcareous farcilite, or semiprotolite. 4 Helv. Mag. 116, 117. 1 Berg. Jour. 1790, 176. The calcareous mountains of the Vicentine and Veronese have also a primeval basis. Ferber Italy, 44. In Stiria and Carinthia a micaceous argillite. Ibid. 45. or granite, or stelstein. 1 Phy. Arbeit. 106. or in Bohemia on sandstone. Reuss Bohemia, xxxi. and also in the Hartz. Lasius, in St. Domingo on granite. 31 Roz. 174. in Austria and Stiria on hornslate, argillite, stelstein, or granite, per Stoulz 1 Phy. Arb. 83. those of Auvergne on granite. 32 Roz. 186. and 39 Roz. 189. in Hainault on argillite. 25 Roz. 85. at Ivry in Burgundy on granite. 2 Mem. Dijon, 1782, 121. 132. On the other hand, this stone is covered, sometimes by sandstone as on the N. extremity of Jura. 1 Sauss. 281. 2 Berg. Jour. 1790, 321. and in the Hartz sometimes by rubble stone. 1 Berg, Jour. 1793, 199. or by a calcareous breccia. Ferber Italy, 10. In Saxony a bed of it upwards of one hundred feet thick is found covered with clay and ferruginous sand, to the depth of sixty or eighty feet. Charp. Saxony, 6. Calcareous strata often cover, indiscriminately, both primeval and secondary mountains, as in the forest of Thuringia. 2 Berg. Jour. 1790, 315. It often alternates with marlite and swinestone. Wern. K. Classis. 17.


  In the Hartz it is found between rubble stone and argillite. 1 Berg. Jour. 1793, 207. In the mountain of Voirons it is inclosed in calcareous grit. 1 Sauss. 217 and 248. In Bavaria it alternates with argillite and marlite. Flurl, 44. The superior strata of limestone are commonly the softest, the inferior are harder and denser; the lowest are generally thin. 1 Soulavie. 178. Some contrary instances occur in Swisserland, but then a different composition also takes place.


  Sometimes calcareous mountains are rent in various directions, and then present polygonal pillars, quadrangular, pentangular, &c. like basalts, as at Ruoms and Bidon, in the Vivarois. 1 Soulavie, 194. 200. In Saxony a rusty limestone is found resembling a sandy indurated clay, this breaks into prisms; it is there called planar. Charp. 49.


  In Europe, limestone is seldom metalliferous, the ores most frequently found in it are galena, the sparry iron ore, sulphur pyrites, and copper pyrites. 2 Lenz. 380, and pure sulphur. 1 Herm. 14.


  2. Swine Stone.


  This is either compact, slaty, or porous; it commonly contains no petrifactions. Voight Prack, 105. yet that of Kinneculla contains many, per Hermelin Schwed. Abhandl. 1767, 28. but, as he also says, the same stratum contains some common limestone, it is probable it is in that the petrifactions are found; much may also depend on the degree in which the unctuous matter exists in them; Flurl Orogr. Briefe 76. mentions petrifaction to be found in it. 1 Nose Forsetz. 75. but impressions of fish, or of shells, insects, or leaves, are often found on this stone. 2 Lenz. 581. it sometimes contains flints. Lasius, 130. and Blumenb. from Voight's Mag. V. B. 1 St. p. 19. mentions a brown swinestone in which belemnites are contained. Blumenb. Natur. Gesch. 601, and Hurl Bavaria, 78. It commonly reposes on marlite. Lenz. 382. sometimes on compact limestone. 1 Berg. Jour. 1789, 167. I strongly suspect that swinestone is in some cases a primeval limestone, penetrated with petrol. Mr. Williams thinks petrol is found in all limestone, in greater or lesser quantities; in Scotland he sometimes found it of the consistence of an ointment, in the cavities of limestone. 1 Wins. 235.


  3. Oviform Limestone.


  This is not common; the balls or globules have for the most part a grain of sand in the middle, 2 Lenz. 381.


  4. Porous Limestone.


  Often contains impressions of leaves, and sometimes wood, 1 Helvet. Mag. 9. In Siberia it sometimes covers granite, and contains petrifactions. Renov. 27. these are evidently of diluvial origin; those found in high summits in Peru, are probably contained in this species of stone, and of the same origin.


  5. Marlites, and calcareous Sandstone.


  Bituminous marlite commonly bears impressions of fish, generally of carps; often of marine plants; often also native copper, or copper pyrites, or vitreous copper ore; it frequently rests on semiprotolite. 1 Berg. Jour. 1789, 214. Calcareous sandstone frequently forms whole mountains, as those of Voirons and Boissy in Savoy. 1 Sauss. 215. 247. Common marlites often alternate with clay. Voight Fulda, 15. they sometimes contain gypsum, spar, mica, sand; frequently shells, or petrifactions, ammonites, pectinites, tubulites, and impressions of leaves of oak. 2 Lenz. 382. flints are also found in marl. 1 Gerh. Gesch. 124. In Swisserland calcareous sandstones, as in Jorat, repose on semiprimigenous breccia. 4 Helv. Mag, 118. Struvius observed, near Cully, a calcareous farcilite. 2 Berg. Jour. 1791, 242. Charpentier observed near Priesnitz, in Saxony, a sort of marlite that resembles granite. Charp. 61. it is also found of all colours, and beautifully variegated, and regularly stratified, in Scotland. 2 Wms. 35.


  In Bavaria, marlites, or indurated marl, alternate with sandstone. Flurl Bavaria, 555. and sometimes with sand. 3 Nev. Nord. Beytr. 28. Hills of semilapidified marl frequently occur in Carinthia, Carniola, and in the Tridentine, and Venetian territory. 3 Nev. Nord. Beytr. 28. It has also been found between strata of limestone and of argillite. Ibid.


  6. Chalk.


  Chalk seems to result from the precipitation of calcareous matter, impregnated with as much fixed air as was necessary to precipitate it, and no more; the water that held it in solution seems also to have been charged with a small proportion of argil, and a far larger of silex in its ultimate state of division; hence the calcareous matter was not crystallized, and its interposition in a large proportion prevented the silex also from crystallizing. From successive precipitations beds of chalk, mostly in a horizontal position, have resulted; but by the successive infiltration of water, the siliceous particles were gradually reunited, and formed with the addition of a few of the calcareous and argillaceous genus, those irregularly shaped concretions, known by the name of flints which are found dispersed in regular strata through the chalk, 1 Berg. Jour. 1791,317. 2 Bergb. 384. Their regular stratifications proceeds from the uniform density of each stratum of chalk, through which they were infiltrated: it must not be imagined that those found on the surface of chalk were always on the surface, as the primitive surface was long blown or washed off; hence petrified shells are often found in chalk, and even converted into calcedony. Lasius, 106. and vice versa, from a similar percolation calcareous spar is found crystallized in the same grottos or hollows, in which rock crystal is found, under immense masses of granite. 2 Sauss. 131. Flints themselves often contain petrifactions. Ferber Italy, 383. Woodward's Catalogue, and Leske, S. 209, &c.


  The petrifactions found in chalk are echinites, pectinites, chamites, mytilites, corallites, &c. 2 Lenz. 396, but metallic substances are never found in it. Werner K. Classis. 19. Berg. Kal. 232. yet in France martial pyrites are said to be found in it, 39 Roz. 358.


  7. Gypsum.


  Mountains, but more frequently hills, only of gypsum, occur in different parts of France, Italy, Spain, Poland, &c. many also exist in Asia, in which it is commonly stratified and horizontal, but some are massive. Ferber 4 N. Act. Petropol. 289. Mountains of it occur also in the N. Archipelago, between Asia and America, per Steller, 18 Roz. 41. and to the easy solubility of substances of this sort, the disparition of the intervening continent may in great measure be owing. Quartz, calcedony, agates, hyacinths, hornstone, spar, and boracite, have been found in the gypsum; also green and grey copper ore, and galena, 2 Lenz. 398. 27 Roz. 70. and sal gem. and sulphur in the Ourals. 1 Herm. 14. Petrifactions seldom, but impressions of leaves and fish, have occurred in 1 Berg. Erde. 253. 2 Lenz. 398. Voight Prack. § 59. Townsend found some in that of Spain. Vol. I. p. 144. and some also occurs in the vicinity of the White sea, in hills of gypsum. 1 Nev. Nord. Beytr. 144. The mountains frequently contain caverns. Lasius, 204. it commonly alternates with marl, or marlite, sometimes with sandstone, and, rarely, with limestone. Berg. Kalend, 235. Flurl found it between strata of compact limestone, without any trace of marl. Bavaria, 79. its different families also alternate with each other; sometimes it only forms veins in calcareous mountains. Bowles, 374. sometimes it is found on the summit of a calcareous mountain. Bowles, 131. Where it forms hills or mountains, the upper strata are always impure, being fouled by argil, or marl, the highest strata being always argillaceous or marly. In Swisserland Saussure notices a mountain formed of an aggregate of gypsum, sand, and argil. 2 Sauss. 528. In Austria rocks of gypsum of a white, grey, greenish or reddish colour, occur. 1 Phy. Arbeit. 85. It often reposes on sandstone. Voight Prack. 107. sometimes on secondary limestone. Mem. Par. 1763, 39, in 8vo. sometimes on marlite. 6 Sauss. 37. In the Hartz it is covered by secondary limestone. Lasius, 233. and so almost constantly in Saxony. Charp. 350. At Aix, near Avignon, it is immediately covered by bituminous marlite, and with piscine remains, but does not alternate with it. 6 Sauss. 41. That it is of modern formation admits of no doubt, after the curious observations of Werner in his letter to Leske. 2 Biblioth. du Nord. 73 and 82. yet Saussure found it in a shistose form mixed with mica near St. Gothard. 7 Sauss. 178.


  § 3. Argillaceous.


  Under this head I comprehend not only stones, &c. of the argillaceous genus, but also such sandstones, porphyries, breccias, as bear an argillaceous cement.


  1. Argillite.


  There can be no doubt but argillite is frequently of secondary origin; Ferber acknowledges it to be partly primeval, and partly secondary. 4 N. Act. Petropol. 289. Gruner found ammonites in the argillite near Meyringen in Swisserland. 3 Helv. Mag. 191. in a specimen from Hessia, mytilites occur; see Leske, G. 339. Voight found a limestone with petrifactions, between strata of argillite. 1 Mineral. Abhandl. 86, 87, 88. It often contains piscine remains betwixt its laminae, Lasius, 105. Saussure found argillitic strata intermixed with black marble. 1 Sauss. 401. In the Hartz impressions of reeds, rushes, and pectinites, are found on it where it adjoins to rubble stone. Lasius, 103. 105. Sometimes it hardens and grows more siliceous from the bottom upwards. Lasius, 105. Sometimes it is harder at greater than lesser depths. Idem, 102. In the Hartz it alternates with, and sometimes is intimately mixed with, rubble stone. Lasius, 138. It also passes into sandstone. Idem, 105. At Kinneculla it alternates with aluminous slate and marlite. 29 Schwed. Abhandl. 26.


  2. Indurated Clay.


  Pectinites, chamites, mytilites, turbinites, &c. have been found in it, also spar, gypsum, quartz, sulphur pyrites, martial ochre, common salt, vitriol, and alum, 2 Lenz. 403. It often alternates with limestone, gypseous, and sandstone strata. Lenz. Ibid. in Saxony it has been found alternating with thin beds of argillaceous iron ore, filled with shells. Charp. 8. Is not the striped jasper 1 Berg. Jour. 1791, p 97. in Siberia, in which petrifactions are found, rather an indurated or lapidified clay?


  3. Shale (Shiefer thon).


  Impressions of reeds or fern, sometimes of musculites, mytilites, &c. are found on it. 2 Lenz. 378. Alternates with coal and sandstone. Voight Prack. Passes into argillite, marl, sandstone, and rubble stone. 2, Lenz, Ibid.


  


  4. Bituminous Shale (Brandschiefer).


  This is generally found in stratified mountains that contain argillaceous iron stone. It forms thick strata which alternate with that ore, and with shale, marlite, or calamine, and many petrifactions. 1 Emmerl. 291. and Werner's Letter to Leske in 2 Biblioth. du Nord, 81.


  5. Indurated Lithomarga.


  It sometimes bears the impressions of reeds; and is found stratified in coal mines. Emmerl. 357. 359.


  It passes into indurated clay, or mountain sope, or steatites. Emmerl. Ibid.


  6. Rubble Stone, or Slate.


  Petrifactions, as hysteriolites, mytilites, &c. are found in it, or impressions of reeds, or rushes, and madrepores, at the depth of 1200 feet. Lasius, 206. Leske, G. 874. Wern. K, Classis. 18. It sometimes covers conchiferous limestone. 1 Berg. Jour. 1793, 199. It is frequently metalliferous; the substances of that sort it bears are galena, copper, and sulphur pyrites, bismuth and cobalt. 2 Lenz. 391. It alternates with, and frequently passes into, argillite and sandstone. 2 Lenz. Ibid. A siliceous sandstone mixed with argillite at Bornholm, is called a rubble stone, 5 Berl. Beob. 94. hitherto it occurs principally in the Hartz.


  7. Argillaceous, or ferruginous Sandstone.


  Sandstone, with an argillaceous or ferruginous cement, frequently forms whole stratified mountains in Saxony and Bohemia. Charpent. 41, &c. the strata are often of considerable thickness, and horizontal; the uppermost and lowermost often the loosest; the interior of each stratum the hardest. Ibid. 44. The lowest parts contain petrifactions. Ibid. The cement is argillo-ferruginous. In Normandy the ferruginous sandstone, called roussier, consists of calcareous gravel in a ferruginous cement; it contains ostracites, Mem. Par. 1763, 404, in 8vo. 81, in 4to. but more commonly the granular part is of the siliceous genus. Werner, 17.


  The petrifactions found in sandstone are most commonly orthoceratites, chamites, tellinites, ostracites, &c. and often the impressions of leaves and fish. Charp. 44, 45. 47. 2 Lenz. 389. hence it cannot be a disintegrated granite, as some have imagined. It sometimes contains shells converted into calcedony. Lasius, 225. 3 de Luc, 15. It is seldom metalliferous, Werner, 18. yet the vitreous copper ore, malachite, cinnabar, sulphur pyrites, iron stone, sometimes occur in it. 2 Lenz. 389. Lasius, 146. But query, if in the secondary? In Saxony its lowed strata repose on granite, or argillite. Charp. 45. in Bohemia chiefly on granite. Reuss Bohemia, 100. 103. no, &c. yet I strongly incline to think the Bohemian sandstone, mentioned by Reuss, primeval. In Swisserland it sometimes leans or rests on secondary limestone, as at Mount Ementhel, 4 Helv. Mag. 118. or reposes on it. 2 Mem. Laus. Part II. 17. 5 Sauss. 283. In the territory of Ilmenau, Voight found it reposing on secondary limestone. Voight, 53. 55. It passes into argillite, rubble stone, or wacken. 2 Lenz. 389. Lasius, 145, 146. 151. It alternates with unguilite (Nagel fluhe) in Swisserland 1 Berg. Jour. 1790, 174. and in Bavaria. Flurl, 88. In the Hartz it forms the highest stratum of most of the mountains, Lasius, 148. covering argillite. Id. 150. yet this stratum contains no petrifactions, though the lower strata do; but this is mere chance. Mem. Par. 1747, 1059, in 8vo. Ibid. Sometimes it covers swinestone. Id. 225.


  When somewhat withered, the ferruginous part often fails, then it appears porous; yet these pores often contain iron in an ochry form, which sufficiently indicates their origin. Lasius, 149.


  8. Porphyry..


  In Bohemia shistose porphyry seems to be sometimes a secondary rock, for impressions of leaves have been detected betwixt its laminas. Reuss Mittel Gebirg. 101, 102. In the Hartz porphyry alternates with a red argillite, which is secondary; for a petrified nautilite was found in it. Lasius, 154. 110. In Saxony it sometimes covers a secondary limestone, and therefore must be secondary. Charp. 49. who remarks that it bears a strong resemblance to granite. Ibid. 50.


  9. Trap, and Basalt.


  The constitution of this stone has been already sufficiently discussed in the first chapter: we have there shewn, also, that in some places it is of primeval origin; but now it will be made to appear that it is often, also, of secondary origin, as it will be shewn to repose on stones evidently of that origin.


  The mountain of Kinneculla, in West Gothland, is stratified: its highest stratum is trap; the next to that is argillite; and to this reddish brown compact limestone: under these swine stone, and a mixture of gypsum and swine stone, and a grey slaty limestone, in which petrifactions are found: below this sandstone; and under that granite. Swed. Abhand. 1767, 25, &c. Petrifactions are also found in the compact limestone. Id. and 5 Bergm. 124. Hence, as this trap is incumbent on secondary stones, it must also be itself secondary; and Faujas, approving of Bergman's reasons, allows this trap not to be of volcanic origin; see his tract on traps, p. 12. and yet it is sonorous like basalts, which on that account has been thought volcanic. Some Swedish mineralogists imagined the trap was only invested, but not underlayed, by the other strata, apparently inferior to it, but both Bergman and Hermelin have proved the contrary.—To demonstrate the falsehood of this opinion more fully, we have only to observe, that at Pohlberg, in Saxony, where basaltic pillars repose on gneiss, a gallery has been pushed into the gneiss, under the basalt, without meeting it, so that it is plain it had not pierced up through the gneiss, but was barely laid over it, per Charpent. 223. 4 Helv. Mag. 546. 1 Berg. Jour. 1789, 258. Werner observed the same at Anaberg in Saxony, where the basalt reposed on clay, into which a gallery was worked without meeting the basalt, though under it. 2 Berg. Jour. 1788, 851. and Faujas in the . . . ., near Mezine, where the pillars repose on coal. Recherches sur les Vole. Eteints, 338.


  In Hessia the basaltic or trap mountain, called Noll, reposes on blue compact limestone, which contains petrifactions, as Mr. Riess, who lately described it, observes. 1 Berg. Jour. 1 792, 373. But the most considerable basaltic mountain in Hessia, is that called Meissener; it is above 1200 feet high, the summit is formed of basalt, but the inferior strata are coal, and bituminous and carbonated wood. 1 Berg. Jour. 1789, 274. 1 Berg. Jour. 1792, 378. This trap or basalt must then be secondary.


  In Bohemia the basalt of Luschitz rests partly on compact limestone, partly on argillaceous marl. Reuss M. Gebirg. 72, 73. In Scheibenberg the basalt passes into wacken, which passes into clay; the clay into quartzy sand, and this lies on gneiss. 2 Berg. Jour. 1788.


  In the environs of Sortino, in Sicily, Dolomieu found trap covering a limestone that abounded in shells, a circumstance that embarrassed him exceedingly, as he thought it a lava, but could not discover from whence it issued. 25 Roz. 192. Basaltic pillars are sometimes of an extraordinary length, those of Stolpe, in Saxony, exceed 300 feet without any articulation or division, Charp. 37. and in the Isle of Feroe, 120 feet long, and 6 feet in diameter. Nose Samlung. 138. Basaltic pillars are sometimes dilated in the middle, and incurvated; this dilatation and curvature Soulavie discovered to proceed from a nucleus of a foreign stone in the part dilated; yet frequently this nucleus was found only in one pillar; but the bending of that pillar obliged, by its pressure, the next pillar to bend also, as did this the next, and thus the whole range of them was incurvated. This observation evidently proves that all the pillars were originally in a soft state, and formed a coherent mass, for if they were originally as distant from each other as at present (in the mountain of Antraigues, where he made this observation), they could not press one on the other, and, consequently, that these pillars did not assume the columnar form by crystallization, but by disruption, as I have elsewhere shewn. It also deserves to be remarked, that the granitic nucleus did not appear in the least altered; a sign, surely, that it had experienced no heat, and, consequently, that the softness of the basalt did not proceed from its having been in a state of fusion. 2 Soulavie, 76 and 51.


  In a mountain of Bohemia, basalts have been found standing on clay, which formed 1/3 of the whole mountain; and, therefore, could not have arisen from the decomposition of the basalts, as some have imagined clay to do in a similar case. Reuss Bohemia, 177. Impressions of leaves or shells have sometimes been found on it. Lenz. 374. or on the marl contained in its cavities. 1 Chy. Ann. 1792, 70. and Bruckenman found muscle shells, and ammonites, and corallites, in basalt of the pretended extinct volcanoes of France. 1 Chy. Ann. 1794, 103 [60]. It is found imperfectly stratified in various parts of Scotland. 1 Williams, 58 and 71. He observed columnar basalts to be perfectly vertical, when the stratum they reposed on was horizontal; but oblique if the stratum was inclined. 2 Williams, 38. On the western declivity of Snowden, basaltic pillars rest on hornstone. Aikin Wales, 99.


  10. Hornblende.


  This has very unexpectedly been proved to be sometimes of secondary formation, for Baron Ash has presented to the museum of Gottingen a number of shells, mostly tellinites, filled with striated shining hornblende, found in the Crimea. Blumenb. Handb. Natur. Gesch. 579, in note.


  11. Argillaceous and calcareous Breccias, and Farcilites.


  Lasius observed, argillite, quartz, and hornstone, stuck in an argillaceous cement, forming a rubble stone breccia in the Hartz; its specific gravity 2,579. Lasius, 143, 144.


  The hill of Morsfeld, in the Palatinate, in which mercurial ores are found, is composed of vast layers of argillaceous breccia, betwixt which thin strata of argillite are intercepted, per Lasius, 1 Berg. Jour. 1791, 308; on these impressions of fish are discerned. Ibid. 309. Whole mountains of calcareous breccias are met with at the foot of the Suabian Alps, in Swisserland (the Nagel fluhe), and Italy (Marmo Brecciato). 2 Widenman, 1036. A calcareous farcilite, there called amenla, is found in France, extending six miles from Montmoirac to Rousson; it consists of heaps of calcareous rounded pebbles agglutinated by a calcareous cement, and intermixed with shells; it does not form strata, but rather immense heaps; the upper pebbles are not so perfectly cemented as the lower. Mem. Par. 1746, p. 723, &c. Another of the same kind in Carniola. 2 Phy. Arbeit. 8. (Sec p. 97.)


  Also the mountain of Rigeberg is formed of tumblers of limestone and hornstone and a red argillaceous stone cemented by a calcareous cement. 7 Sauss. 188, and Monserrat. (see Bowles.)


  § 4. Siliceous


  1. Hornstone.


  According to Baron Born, petrifactions have been found in a white hornstone near Lehotka, in Hungary. Letter 21, p. 212. In the peak of Derbyshire it is said to be found in strata twelve feet thick, even not always stratified,—and also in limestone. 6 Phil. Trans. Abr. Part II, 192. Petrifactions are found in it, Whitehurst, 233, 234. Hills, consisting of hornstone, penetrated with calcareous particles, and passing into marlite, have been observed in Austria. 1 Phy. Arbeit. 80, 81. Another quarry of this stone, with petrifactions, exists in the Dutchy of Luxemburg, described by Nose, 1 Chy. Ann. 1789, 425. That also which is so frequently intercepted betwixt beds of compact limestone, must be secondary; see 6 Sauss. 82. It is itself often the substance of petrifactions. Flurl Bavaria, 571. 2


  2. Jasper.


  Madrepores are said to have been observed in red jasper, in Hungary. 2 Lempe. Mag. 76. also in the red jasper of Brescia, Ferber Italy 33. This Bergman also mentions in his Phys. Geo. 304, but justly questons it. Lasius, p. 207, tells us he found a nautilus petrified in red jasper, near Elbingerode. Striped jasper with petrifactions, is said also to be found in Siberia. 1 Bergm. Jour, 1791, 97. Herman doubts it: I suspect: that in all the supposed instances of secondary jasper, the word jasper has not been taken in the strictest sense.


  3. Farcilites, and Breccias.


  A sort of breccia formed of iron nails agglutinated by a siliceous cement has been taken out of the Danube, and another out of a canal in Hungary. 1 Phys. Arbeit. 79. In Siberia whole mountains of siliceous farcilites are found consisting of rounded pebbles of jasper, calcedony, and carnelian, stuck in a siliceous cement. 1 Bergm. Jour. 1791, 81. Some also of siliceous breccias. Ibid, and in the sequel. I mention these here, as it may be doubted whether they are primeval or not. Farcilitic mountains are also common in the north of Scotland, and the Western Highlands, 2 Williams, 51.


  4. Siliceous Sandstone.


  In the ports of Domich and Campara, in the isle of Arbe, on the coast of Dalmatia, Abbé Fortis found ostracites in a siliceous sandstone. Dalmatia 355. See also in Leske, G. 793, &c, several petrifactions in this sort of sandstone. The hill of Platenberg consists of sandstone with a calcedonic cement; it contains shells converted, by expulsion of the calcareous matter, into calcedony. Lasius, 284, 285.


  5. Semiprotolites (Rothe tod liegendes).


  These stones I call by this name, as being partly of primeval, and partly of subsequent, origin; they consist of pebbles, or of fragments, or of sand of primeval origin, compared and cemented by an argillaceous or calcareous, or siliceous cement of posterior origin; hence they generally form the lowest stratum that separates primeval rocks and secondary strata. From their composition they come under the denomination either of farcilites, breccias, or sandstones. In some places this sand has been accumulated into vast heaps so as to form mountains 6 or 700 feet high, and then compacted by an adventitious cement. Of this sort are the mountains of Hertzberg, and Kaulberg near Ilefeld, in which the sand is cemented by a ferruginous cement, and contains fragments of porphyry, and also veins of iron stone, and manganese, and strata of coal, with impressions of reeds, rushes, and other plants, Lasius 249, and 280. The red colour is evidently from iron.


  The semiprotolite of Wartburg near Eisenach, contains rounded lumps of granite and shistose mica: substances found in the neighbouring mountains. The semiprotolite of Goldlauter consists entirely of porphyry, as do the primeval mountains of that district. That of Kiffhauserberg in Thuringia, contains rounded argillites from the neighbouring mountains of the Hartz. Petrified wood is found in this last. Voight's Letters, 19, 20. According to Voight, the semiprotolite found under coal has a siliceous cement, and contains few primitive stones, Lettres sur les Montagnes, 31. Saussure made the same observation on those which he found on the descent of Trient, which interceded between the primary and secondary mountains. 2 Sauss. § 699. He even remarked long before, that primeval and secondary rocks were almost always separated by a sandstone or farcilite, 1 Sauss. § 594. Where the secondary strata are calcareous, the semiprotolite has a calcareous cement, See Lehm. 168. Semiprotolite is always red, by reason of the ferruginous particles by which it is cemented; its diffusion or expansion is unequal, being frequently horizontal or even, but sometimes depressed, and in other instances much elevated. Most of the superimposed strata partake of this inequality, and are its natural consequences. Hence the protuberances and depressions, otherwise called moulds, observed in them. Charp. Saxony, 371. It rests on granite. Ibid, 370, 371.


  §5.


  To form a clear idea of the structure of polygenous secondary mountains, I shall exhibit an enumeration of the strata discovered in some of them in various parts of Europe, with some, though not an accurate designation of their thickness, as absolute precision is not here necessary.


  Of the strata from Ilefeld to Mansfield, and round the Hartz. Lehman, 163. Lasius, 278, and Gerhard, 109.


  [image: fig4]


  Note 1. According to Lehman, the strata after No. 18 are exceptions to a general rule, namely, that semiprotolite should be the last stratum; but he says, that in this case he found strata under it; I believe, however, that it is not an exception, but that the succeeding strata were indeed lower, but not exactly under the 18th, for it is not by boring, but by levelling the external extremities of the strata that he judged of their superimposition. Lehm. 169.


  Note 2. The denominations were frequently corrected from Lasius, and the specimens Lasius referred to, and sometimes from Gerhard.
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  Note 1. In the limestone, No. 3, ores of zinc, pyrites, compact baroselenite, fluors, and petrifactions are found.


  2. The strata of amygdaloid are progressively more solid as they lie deeper.


  3. The strata of limestone and amygdaloid are separated by strata of light blue clay with a tinge of green (probably wacken) of from 1 to 6 feet thick. These contain nodules of spar and pyrites, and it is remarked that from them the hot springs flow. They are also strongly calciferous. Ibid. 187.
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  CHAP. III. OF VOLCANIC MOUNTAINS.


  Volcanic Mountains are generally of a conic form, yet all conic mountains must not therefore be deemed volcanic; for even granitic mountains (as Achterman in the Hartz. Lasius 17,) to say nothing of porphyritic mountains, often present that shape.


  The internal primordial structure of volcanic mountains is much more difficultly discoverable than that of any other species of mountains. These last, with few exceptions, have remained materially unaltered for several centuries; the former, at least such of them as are best known to us, have been convulsed, and eviscerated several times, even in the same century. Thus their ancient component stony masses he buried under their modern adventitious ejections. Neptunian mountains have been perforated to great depths for the purpose of extracting metallic ores, and their contents strictly examined by persons accurately skilled in mineralogy; but as lavas contain no metallic veins, and as even some danger has been apprehended in excavating them to great depths [61], they have only been superficially observed, and often by persons not only destitute of competent mineralogical knowledge, but who have openly professed either their ignorance or their contempt of it. One of them expressly tells us, that, "Nomenclators have for a long time retarded the progress of natural geography.—The mind of a nomenclator is constantly warped by his specimens, he obliges nature to conform to the system of his cabinet. But the man of genius, to whom nomenclature is no thing, (that is, who does not regard the essential differences of various substances) compares substances in their respective situations, studies their alteration, combines these facts with each other, and obliges nature to discover what she was, by what she at present is, &c. [62]" The man of genius whom he here quotes was so ill instructed, as to confound pottstone and shorl, and granite and lava. The contemner of nomenclature himself tells us that granite often consists of quartz singly, and that quartz does not resist the action of acids [63]. The opinion at present most generally received concerning the structure of volcanic mountains, is, that they consist solely and entirely of volcanic ejections: to me, however, it seems highly improbable. The volcanoes with which we are best acquainted are Vesuvius and AEtna; of Hecla we know but little, and still less of the Asiatic and American volcanoes; now with respect to Vesuvius we may observe.


  1°. That it is a mountain of thirty miles in circumference, and above three thousand six hundred feet in height. In the year 79 of our AEra it was at least as high as that at present called Somma, which nearly surrounds it: since the year 79 of our AEra, in which its most considerable eruption happened, the first recorded in history, there were about 29; of these, that of 1631 and 1794, were the greatest: that of 79 consisted chiefly of sand and ashes, and produced over the town of Pompei an elevation of about eighty feet; in the last eruption, the lava was a mile in breadth, and at most twelve feet deep, so that the mean height produced by each of these thirty eruptions cannot certainly be deemed to exceed twenty feet; then in 1700 years these eruptions produced an elevation of the mountain amounting only to six hundred feet. In antecedent times, or at least for 1000 years before, the eruptions, if any, must have been inconsiderable, since they are mentioned by no historian or poet. What reason then have we to think that the enormous bulk and height of the whole mountain consist of an accumulation of eruptions still more ancient, and of which we have no account? The lava found under the sea furnishes certainly none, as lava has frequently been known to flow into the sea.


  2°. Many reasons may lead us to think that the internal nucleus of Vesuvius is calcareous; though probably under the calcareous, vast masses of trap, hornblende, and argillite, also exist, with abundance of sulphur pyrites, coal, and bitumen. Ferber remarks that the volcanic country round Vesuvius is entirely calcareous. Gioeni assures us that 1/4 of the ejections are of that nature, p. xxxiv. He adds, that primeval stones are found, not indeed near the crater, nor on the exterior beds of lava, but on the stratum of mould which clothed the mountain before the cone was formed, and under all that appears volcanic; and though, through prejudice, he supposes them ejected by the volcano, yet he says the date of such ejections precedes that of all the lavas that can at present be distinguished, p. xxxvi, and vii; nay, more, lamellar swinestone has been found in horizontal strata, p. 13. Padre Torre is of the same opinion, but his sentiments, through his ignorance of mineralogy, has been treated by the more zealous volcanists either with pity, or with contempt; yet Ferber, one of the most eminent mineralogists of this century, also thinks that limestone exists under the volcanic matter, adding, that large masses of it with calcareous spar have been ejected, Letter XI, p. 165. Near Salerno he discovered argillite under the limestone, p. 166. See also Strange, in Phil. Trans. 1775, p. 28.


  Of the structure of AEtna I have already treated in Essay III. I shall only add, that its height exceeding 10000 feet, and its circumference 130 miles, that circumstance alone renders it incredible that its whole bulk is volcanic. Though it flamed some centuries before our AEra, yet there is no reason to think it did so before the age of Homer: and how little it has been altered by its numerous subsequent eruptions, appears from the ruins of an ancient temple, which, though the temple was built long before our AEra, are still extant and uncovered. As its lavas are mostly porphyrinic, there is great reason to suppose that its primitive basis was a porphyry, with vast beds of coal, pyrites, and bitumen, interposed.


  The reason that seems principally to have induced philosophers to believe that volcanic mountains owed their origin to subterraneous fires, was the production of monte nuovo, a mountain of considerable height, thrown up by a volcano in forty-eight hours; but it should be considered, that this mountain differs in its structure also from all other volcanoes, for it consists, not of beds of real, or supposed, lava, but of indurated volcanic ashes, pumice, and fragments of lava, intermixed with each other, Diedrich's note on Ferber Italy, p. 169. a structure very different from that of Vesuvius, AEtna, or Hecla.


  The internal heat of volcanoes seems much lower than is commonly believed, if we may be allowed to estimate it either from the circumstances of its focus, the weakness of its effects, or the low heat of the ejected lava: this heat seems to have originated from the decomposition of water by pyritous masses, particularly by that species of pyrites that contains iron nearly in its metallic state; the sulphureous part of the pyrites being excluded from the contact of pure air, must have been fused by this heat, and its fusion promotes the ignition and fusion of iron in a very moderate heat, as Van Dicmau and his associates have proved; thus the beds of coal were heated, and the bituminous sulphurated masses of stone and earth gradually softened and liquified by the fused sulphur and bitumen contained in them, but all this while no flame can be supposed to exist, for want of pure air; or only momentary flashes unattended with any increase of heat, as in Dicmau's experiments: at last, however, the semiliquified mass, after violent struggles and efforts, is propelled by the clastic vapours to the crater of the volcano, where commonly meeting less resistance, it rises, there meeting atmospheric air, the sulphureous and bituminous vapours are at last fired with dreadful explosions, and immense volumes of flame; the coal is incinerated, and the liquified matter or lava finally expelled. It is only then at the mouth of the volcano that the greatest heat is produced; but great as it may be, the mass of inflamed matter being incomparably smaller than that of the lava, the increase of heat resulting to the whole of this must be very moderate. Hence we see, why eruptions that happen after long intervals of rest are by far the most violent, and attended with the greatest heat, as the air in the crater, and, perhaps, also in the interior cavities, becomes, during such intervals, much purer, and, consequently, more capable of exciting heat.


  In treating of the origin of basalt, I have given many instances of the low heat experienced by lavas. Sir William Hamilton, in his account of the late dreadful eruption of Vesuvius, on the 15th of June, 1794, tells us, that the town of Torre del Greco was so quickly surrounded with red hot lava, that the inhabitants thought they had scarcely time to save their lives, yet several of them, whose houses were thus surrounded while they were in them, saved themselves by coming out of their tops the next day. It is evident, that if this lava had been hot enough to melt even the most fusible stones, these persons must have been suffocated; nay, though the lava continued red hot the next, and even on the succeeding days, yet on the 16th many walked over it; see Phil. Trans. 1795, p. 86.


  With respect to ancient volcanoes now extinct, there is scarce any part of Europe, or even of the globe, in which they have not been thought to exist, for trap and basalt have been found almost in every country; and since the year 1767, these have been by many supposed indubitable testimonies of an ancient volcano. In France, Languedoc, Provence, but particularly, Vevarois, and Auvergne, have been supposed torn up by numerous volcanoes; many, however, have been by subsequent less prejudiced observers effaced off their list [64]. One of the most remarkable, the Coupe de Aisa, is very accurately described by Mr. Faujas: he takes the black trappose matter that descends from the summit of the mountain to a torrent at its foot where it forms pillars, to have been a stream of lava. To a German mineralogist who lately examined that mountain, it appeared in a very different light; he tells us, that the whole mountain is formed of trap, and covered by vegetable earth; that a current of water laid bare the part which to Mr. Faujas appeared a bed or stream of lava, but did not essentially differ from any other part of the mountain; see Haiding. Gebirg's Arten, p. 38, in the note.


  As to the trappose mass, called roche rouge, mentioned by Faujas, Recherches sur les Volcans, &c. p. 364. which he thinks burst out of a granitic rock, and though in fusion, instead of spreading and flowing horizontally, that it raised itself without any support to the height of 100 feet; an event, which, as being contrary to the nature of liquids, appears to me impossible; I should rather suppose it a primeval trap, contemporary with granite, and deposited by the fluid that contained both; in that spot the trappose matter was in greater plenty, and, therefore, raised to a greater height. In this manner the existence of many trappose elevations in Le Forez, mentioned by Bournon in 35 Roz. may be explained. I shall only add, that the celebrated Mr. Charpentier, of Freyburg, having examined all the supposed volcanic products of Vivarois and Velay, judged them to be barely pseudovolcanic. 4 Helv. Mag. 179.


  In Italy the Euganean mountains have been judged volcanic by many; yet as, according to Strange, they consist of, what he calls, lava and granite, few at present may be disposed to embrace that opinion, unless such as judge granite itself to be of igneous origin. In Germany, and particularly in Hessia, Habichtswald and some other mountains were deemed volcanic by the late worthy, and highly ingenious, Mr. Raspe, but some months before his death he told me, he had long given up that opinion. A volcanic origin has been ascribed to many others, chiefly on the ground of their containing basaltic pillars, but the neptunian origin of those of Bohemia has been demonstrated by Reuss; of many of those of Fulda by Karsten; and of most of those near the Rhine by Nose; and of some of them by Mr. Saussure; one of them, indeed, he seems to think volcanic. In all cases where doubts may be entertained, whether a hill, or mountain, is volcanic, or neptunian, our judgment may, in my opinion, be governed by the following maxims:


  1°. Where trap, or basaltic columns, appear on, or form the body of the hill or mountain, of their usual black, bluish, or greyish black, colour, there the hill or mountain may be deemed neptunian, at least so far as concerns these; such as are found on actual ignivomous mountains must have been thrown out with other neptunian stones, but in that case they are never erect, and, commonly bear some marks of heat.


  2°. Where masses of shistose porphyry occur, of a greyish black, ash grey, blackish blue, or greenish colour, and the felspar appear uninjured by heat, they, and the parts they repose on, are neptunian.


  3°. Disintegrated, or decayed, porphyries, or traps, wacken, and amygdaloids, may be distinguished from indurated volcanic sand and ashes, piperino, pouzzolana, porous lava, respectively, by local circumstances, and the changes which low degrees of heat produce in them, compared with the changes which the same variations of heat occasion in the real volcanic products that resemble them. Wacken containing mica can never be ambiguous. Beds of real volcanic ashes, if ancient, are always interrupted or interceded by beds of earth, which some, without any proof, would have to be vegetable earth; and, if by this appellation, they mean no more than earth fit for vegetation, the appellation is just; but if they mean that such earth was in all instances such as had produced vegetables, they are certainly mistaken, as Dolomieu has already noticed; this earth having been merely washed down by rain from the cinders and fragments of lava, with which it was originally mixed; wacken presents no such appearance; the state of such beds of volcanic sand and ashes will be easily apprehended, by considering the strata found in the promontory of Catanea, as exhibited by Count Borch in his Sicilian Mineralogy, p. 300.
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  Who does not see that such thin beds of earth must have been formed in the manner I mentioned, and could never have been in a state of vegetation?


  4°. Volcanic ejections never present any undecomposed pyrites; or at least these must be of posterior formation.


  Again, whether a hill on which fire has evidently acted, has been a volcano or a pseudo volcano, can be decided only by local circumstances, and the more or less partial effects of the fire it endured; this I cannot better illustrate, than by presenting the reader an account of the hill of Kamerberg in Bohemia, which Baron Born deemed an ancient volcano, but which Mr. Reuss, from local circumstances, has shewn to have been a pseudo volcano; in describing the external circumstances of this hill they both agree. It stands on a basis of micaceous clay slate (shistose mica), perfectly free from all connexion with the neighbouring hills: its length, from E. to W. is 1420 feet; its breadth, from N. to S. 720 feet, and it is one of the highest in the circle of Egra; its shape oblong conic; its stony masses lie bare on the S.W. side, they present rhomboids exactly fitted to each other; its summit, which is 95 feet higher than the surrounding field, discovers a cavity of 9 feet in depth, and 30 feet in diameter, overgrown with vegetation. About 60 fathom to the southwards, an excavation was practised to extract materials for a road, and in this the internal structure of the hill may be seen: the strata are nearly horizontal, and so much the looser as they are nearer the surface; in demonstrating the fossils, both authors vary; the denominations of each referring to the particular opinion of each, relatively to the origin of the appearances.
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  To prove this hill to have been only a pseudo volcano, Reuss states, that strata of coal lie at no great distance from it, and, probably, underlay it at a considerable depth. 2°. That in various parts of Bohemia, these strata of coal have been known to have taken fire, and to have produced appearances resembling the foregoing. 3°. That on the S.W. part of the hill, basalt or trap exists in beds, perfectly unaltered. 4°. That the alternations of earthy flags with half burned clay, might proceed from the alternations of marl, which is known to be easily fusible with clay. 5°. The supposed crater is much too inconsiderable, and may proceed from the contraction of the strata that had been torrified or ignited.


  ESSAY VI. OF THE INTERNAL ARRANGEMENT OF MOUNTAINS.


  THE materials of which mountains consist, are disposed either in irregular heaps, or piles variously intersected by rifts; or in beds or strata separated from each other by rifts, often horizontal, or varying from that direction by an angle of from 5 to 40 degrees, and sometimes much more considerably, approaching even to a vertical portion. The strata of mountains are most frequently in the direction of their declivity, yet sometimes their course is directly opposite, or countercurrent: the best manner of determining the angle of their course is by discovering that of their rifts, Charp. 80. it chiefly depends on the unevenness of the fundamental ground that supports them. Ibid. 57. According to 1 Sauss. 502, most of the elevated granitic mountains in Swisserland are formed of immense vertical pyramidal laminae, parallel to each other, that is, piles somewhat inclining from the unequal distribution of their weight, a disposition that may well be expelled from collateral crystallizations; but this disposition is not universal, for they have been found in Saxony horizontally stratified, Charp. 17 and 389. and in the Pyrenees, &c. see Essay V. § 1. much less can it be said that this vertical position is general, for the strata of gneiss (which is only a modification of granite) are generally horizontal, Charp. 80, 81 and 191. and commonly very regular, discovering no traces of a violent shock. Ibid. 81. Mount Rose, next to Mont Blanc, the highest in Europe, consists also of gneiss, which Mr. Saussure found horizontally stratified. 37 Roz. 17. 105. 8 Sauss. 113.


  Shangin, who lately (1786) travelled over the Altaischan mountains, being consulted by Pallas, whether he found any vertical layers or strata therein, answered, he had not; but that he found them perfectly horizontal on the banks of the river Tschary 6 Nev. Nord. Beytr. 113.


  Mountains of primitive limestone are frequently in irregular piles, but often also horizontally stratified. Charp. 48. 216. Siliceous shistus is also often horizontally stratified. Charp. 22. Many argillites, particularly roof slates, are generally said to have nearly a vertical position; but Voight has shewn that it is only their lamellae that are so situated, their horizontal seams, and their walls, discovering their true position: their verticality arising only from the drain of the water, and, consequently, their contraction in that direction; hence those that are most silicited, as they contract less, discover less vertically: sometimes horizontal strata overlap on both sides. 38 Roz. 289. 1 Sauss. § 447. Sometimes they are flanked on both sides with vertical strata. Ibid. § 339.


  Much confusion prevails in the structure of the Pyrenees, and of the Grizon mountains, and those on the border of the Baikal, and other great lakes, as may be seen in D'Arcet Pyrenees, 63. Ferb. Briefe Min. Inhalt. 11. Patrin, &c. from the causes mentioned in Essay III.


  The perturbed state of the strata often proceeds from the decomposition of internal beds of pyrites, to which water has had access; this appears to be the cause of the alterations observed in the mountain of Rabenberg, on the frontiers of Saxony. Charp. 253. In this mountain, a double direction of the strata of gneiss is observed; between both the strata are vertical, and a large intermediate space is filled with iron ore: but this mountain contains beds of pyrites and vast swallows; most probably then the pyrites swoll, uplifted the whole, and the dissolved iron flowed into the vacuity, from which the water afterwards drained off on the sides.


  In secondary mountains, particularly the calcareous, the greatest disorder often prevails, though in general their stratification is horizontal. Charp. 49. 39 Roz. 356. The vertical position of the strata sometimes proceeds from the subversion of some of them, but sometimes also from calm deposition on primeval mountains, as I have hinted in my first Essay, and is more fully explained by Mr. De la Metherie, in 43 Roz. from p. 300 to 306. Gruber also shews this irregular position to proceed from internal avitics, so common in limestone mountains, occasioned most probably, by the erosion of the interior by water. 2 Phy. Arbeit. 4, 5.


  The calcareous mountains of Savoy are often arched like a lambda, probably from the sinking of the intermediate strata, the intermediate remaining horizontal. 1 Sauss. § 361. Sometimes they assume the form of the letters Z. S. C. or of a disjointed C the convexities facing each other. Ibid, § 467, 475. So also in the Pyrenees, they sometimes overlap, from an unequal distribution in their original formation. See Descrip. Pyr. 42. and bend various ways. Ibid, 72, and 102, and 162. where they assume a spiral form, or that of a horseshoe placed horizontally.


  According to Lehman, most secondary strata present hollows or moulds, (as they are called,) from internal depression. Lehm. flotz. 137. But sometimes also elevations, from an original elevation in the fundamental stone.


  In Scotland, all the secondary strata in the vicinity of primeval mountains, are nearly vertical; but at a greater distance they approach more to an horizontal direction. 1 Bergm. Jour. 1789, 495, per Eversman.


  The late ingenious Mr. Whitehurst was led to imagine a greater regularity in the arrangement of strata, than is really found in them: he tells us, p. 178, "that they invariably follow each other as if it were in an alphabetical order, or a series of numbers, whatever be their denomination.—not that they are alike in all the different regions of the earth, either in quality or in thickness, but that their order in each particular part, however they may differ in quality, yet they follow each other in regular succession, both as to thickness and quality, insomuch, that by knowing the incumbent stratum, together with the arrangement thereof in any particular part of the earth, we may come to a perfect knowledge of all the inferior beds, so far as they have been previously discovered, in the adjacent country." With respect to the strata that accompany coal, he observes that "some instances are apparently, but not really, contradictory to this rule." These observations are far from being universally true. For to say nothing of the coal mines in the valley of Plauen, in Saxony, where the strata, though near each other, vary in thickness, from a few inches, to some feet, and that of coal, from 2 to 32 feet; nor of that in Mount Saleve, where the strata of coal, though in a calcareous mountain, vary considerably, or of many others, he himself tells us that the lower strata appear at the surface at Bonsal Moor, p. 188. And Mr. Pilkington, a later, and very exact writer, tells us, that in different situations, the arrangement is not always the same. 1 Pilk. Derbyshire, 55. And even when the arrangement is the same, the strata differ in thickness in different parts of the country, p. 56. Again, Mr. Whitehurst tells us, that wherever the stratum No. 1, a coarse siliceous breccia or sandstone is found, No. 2, an indurated clay is found under it. And, wherever this indurated clay appears on the surface, No. 3, that is limestone, appears under it, p. 192. However true this may appear in Derbyshire, though even there, this arrangement does not hold true in the coal mines, it is far from being so in other countries, as is evident. See 2 Mem. Laus. 17, 2 part, and 52. He also observed that the strata of limestone contain fissures filled with lead ore, but that these strata are separated by beds of toadstone above 30 feet thick, into which, he says, neither the lead ore, nor any other mineral penetrates; yet the lead vein never fails of being found in the corresponding fissure of the inferior bed of limestone, p. 191, 193. Neither is this observation perfectly exact. Mr. Barker of Bakewell informed Mr. Werner, that the lead ore in many parts pierced through the toadstone. Werner Gange, 139. Mr. Pilkington also tells us, that in the middle of it, lead veins 10 inches thick have been found, and in other places the lead has been found scattered through it. And that the vein in the inferior stratum of limestone, so far from corresponding, squints 4 or five yards from the superior vein; into these errors Mr. Whitehurst was betrayed by his fondness for the eruptive or plutonic theory. Most of his other general observations being grounded on this imaginary theory, are found to be delusive, or to hold good only in Derbyshire and a few other countries.


  The true reason why many of the strata of England and Scotland appear so disordered, is to be deduced from the shocks that Great Britain encountered at the period of the general deluge. This is not a mere hypothetical cause, but supported by undeniable proofs; and it is by a combination of the opposite impressions, from N. to S. and from S. to N. with the modifications which the obstructions arising from the mountains of Scotland, and the intervention of Ireland between it and the Atlantic, that the various phenomena of its strata may most securely be explained; but such an explanation can be attempted only after a minute and accurate examination of the whole island. Of the dykes, otherwise called slips, troubles or faults, I shall treat in the following essay. The strata of secondary mountains, generally, when not perturbed, ascend towards the primitive. 2 Mem. Laus. 2 part, 25, in note, being formed upon them, or descending from them by disintegration.


  ESSAY VII. ON COAL MINES.


  MINERAL, or pit coal, is a substance whose external characters are too well known to require any specification. Its weight with respect to water, extends from 1,23, to 1,500. The lightest is the best.


  The object of this essay is to indicate the soils in which it is found, and the circumstances attending them, thence to deduce a theory both of its origin and of the state in which it now appears, together with the situations in which it most probably exists, and may be discovered.


  CHAP. I.


  § 1. Of Carboniferous Soils, and their attendant circumstances.


  By carboniferous soils, I mean the various sorts of earth or stone among or under which coal is usually found.


  These soils are either chiefly argillaceous, or arenilitic, or both together, or of the trap kind, or calcareous.


  The circumstances of these and of the coal found among them most worthy of notice, are the following.


  1°. They commonly form distinct strata, or beds one over the other to a great depth. The strata of coal are usually called seams; it is very seldom found in irregular heaps, or in veins.


  2°. These seams are scarce ever found single, but those whose thickness does not exceed 14 or 15 inches, are rarely worked. At Whitehaven 5 were lately worked, at Newcastle 3, at Liege 20. The highest and next the surface are generally the worst, but the deepest are not always the best.


  3º. The thickness of different beds of coal is variable, from half an inch or less to 5 or 6 feet; but not unfrequently it amounts to 25 or 30 feet, and in some rare instances, to 80 feet or more. No such seam as this last has occurred in Great Britain.


  4º. Seams of coal generally occupy a considerable extent both in length and breadth, and whatever the thickness of each may be, it is commonly constant for a considerable space, as a mile, or two miles; instances of a contrary kind seldom occur, unless the seam be disturbed by some obstruction, or at the extremities of a coal soil, or in an extent exceeding two miles [65].


  5°. In the same stratum, if exceeding 3 or 4 feet in thickness, the coal is seldom exactly of the same quality.


  6° Different seams of coal are separated from each other, by at least one, but generally by several strata of earth or stone, as will be shewn in the succeeding sections; these, in a considerable extent, preserve also an uniform thickness.


  7°. The uppermost seam of coal is commonly soft and dusty, it is vulgarly called smut.


  8°. Seams of coal, and also their concomitant strata, are generally parallel to each other, unless an uncommonly thick stratum of earth, 150 or 200 feet thick, intervenes [66]. Their number and order are also similar, to a considerable extent, yet variable in the same district and soil.


  9°. In many of the concomitant strata, particularly of shale, bituminous shale, indurated clay, and sandstone, particles of coal are found interspersed.


  10°. The strata that immediately cover coal, and thence called its roof, are shale, bituminous shale, or sandstone; rarely any other. But they are often also found at a great distance above it.


  11°. The strata on which coal reposes, and thence called its floor, sole, or pavement, are also sandstone, shale, indurated clay, or semiprotolite [67]. This last would, I believe, in most cases, be found in its floor, if the mines were sunk deep enough to reach it. Granite has also been found in its floor in a few instances. In trap soils, trap or basalt is said to form sometimes the roof, and sometimes the sole of a seam of coal, but in strictness, I believe, shale mostly intervenes.


  12°. Impressions of plants, particularly of the cryptogamia and culmiferous kind, are most frequently found on the shale and bituminous shale that accompany coal, or which are found in coal mines, sometimes on sandstone, but very rarely on the coal itself. Roots also frequently appear in the indurated clay. Trees carbonated, or bituminated sometimes repose on coal, or are found under it. Fluviatile shells, muscles, and land snails, often occur; sea shells seldom.


  13°. Argillaceous iron ore is sometimes met with among the carboniferous strata of an argillaceous soil; and martial pyrites either found or much oftener oxygenated, and mixed with the substance of the coal.


  14°. The stretch or course of seams of coal, and of their attendant strata, is commonly between E. and W. or N.E. and S.W. There are however a few exceptions to this rule.


  15°. The dip of coal is exceeding variable, sometimes nearly horizontal, sometimes from 25 to 45 degrees, sometimes 75°, rarely approaching still more to the perpendicular.


  16° The uniform course of seams of coal, and of the strata that accompany them, is frequently interrupted by obstructions called slips, dykes, troubles, faults, &c. These never fail to elevate, or depress, the strata beyond them; or rather, the strata on each side of them are found at different heights. This observation is general, being found to hold good in every part of Britain, as well as on the Continent. The inequality of the height amounts from a few inches to 120 feet, but so great an inequality is rare, and has been found only in Derbyshire. In Germany it seldom exceeds, and scarcely amounts to 50 feet.


  17°. It has been observed in Britain that if the slip overhangs on one side, and consequently forms an acute angle with the seam of coal which it cuts, the continuation of the stratum will be found lower on the other side of the slip, and consequently vice versa if it recedes from or forms an obtuse angle with the seam of coal on the one side, the continuation of the seam will be found higher on the other, as in the figure, where a and b denote the interrupted seam of coal, and c the obstruction or slip [68].


  [image: fig9]


  18° These slips sometimes consist of indurated clay, sometimes of sandstone, both different from such as form the strata, but more frequently of some species of stone that never compose the strata of coal mines, except, perhaps, rocks of the trap species; their thickness or extent amounts in various mines, from a few inches to several yards. Nodules of coal are sometimes found among them, and water is frequently lodged in them. They often descend from the surface to the greatest known depths.


  19° The disposition of the strata below the surface seldom conforms to the figure of the surface. The former is often regular, when the latter is broken and uneven, and vice versa, very frequently the strata dip into a hill against the rise of the surface, or cross it in a right or diagonal line [69].


  20° The deepest mines known, are those of the county of Namur, some of which are said to descend 2400 feet.


  21° The seams of coal where in contact with their roof, floor, or slip, have a smooth polished glistening surface, Morand and 8 Buffon Mineralogy, 275, which shews they were originally soft.


  § 2 Of Argillaceous Soils.


  These consist chiefly of indurated clay, which the miners commonly call clunch, and when much mixed with calx of iron, bind; or of shale, or bituminous shale, which miners, if I mistake not, call bat; or of a decaying porphyry, which the miners call rotten stone; the argillaceous stone mentioned by Whitehurst is, I believe, the same porphyry in a firmer state; fragments of stone they call ratchill. If among several strata of these, only one or two of sandstone occur, I still call the soil argillaceous, and not arenilitic.


  The soils about Whitehaven, and Newcastle, are of this sort. At Newcastle the first stratum is a sandy clay about 4 fathom in depth, succeeded by a brown ferruginous clay mixed with mica, as this is by a white micaceous sandstone, under which lies a bituminated clay mixed with mica, particles of coal, and pyrites, with calcareous incrustation in the rifts, and under that lies the first seam of coal 6 inches thick, reposing on a thick stratum of indurated clay, the succeeding beds resemble the foregoing. At Whitehaven, under a bed of common clay of 7 or 8 fathom, and 11 fathom of sandy clay, a bed of natural clayey carbon or culm of 3 fathom is found, and under some beds of indurated, and some of micaceous clay, one of iron ore, one of sandstone, seams of good coal occur. 2 Ir. Acad. 163. At Alfreton Common, after a stratum of clay 7 feet thick, and another of stony fragments called rachill 9 feet thick, we meet with several beds of clay, more or less indurated, to the depth of 118 feet, and then find only smut. The bed of true coal is 40 feet lower. Whitehurst's Theory, 211. here sandstone does not occur. At West Kallam, the strata are much the same, smut, the first indication of coal, is met with, but at the depth of about 56 feet, and under it clunch, with argillaceous globular iron ore, and roots running through the clunch. Pilkington, 81 and a bed of soft coal occurs about 53 feet lower. The best seam is found only at the depth of 214 feet. Whitehurst, 212. To these I may add the coal mines at Hetruria, in Staffordshire, as under the Ratchill, though a limestone bed only 1 foot thick occurs, the succeeding beds are sand, and two beds of indurated clay, (then probably shale) and coal.


  At Lichfield, to a bed of black clay 4 feet thick, and a bed of what is called rottenstone 6 feet thick, there succeeds a bed of indurated clay, 18 feet thick (there called marl), and to this a bed of coal of 4 feet; under this lie other beds of indurated clay, one of which is white, of various thickness, and last, at the depth of 85 feet a bed of coal appears of the thickness of 30 feet. 2 Ir Acad. 100.


  At Colebrook Dale, the strata are remarkable; after 3 feet of brick clay and 15 of potter's clay, a seam of smut, 1 foot thick occurs; under this what is there called blue bat, 3 feet; then 7 feet of sandstone; then a seam of coal 4 feet; under this white slip, that is, potter's clay; under which is another bed of coal, succeeded by other beds of clay and coal, of various thickness. Ibid. At Baldo, near Falkirk, in Scotland, after 7 feet of clay, and 33 of slate (probably shale), there occurs also a bed of limestone 3 feet thick, but it is succeeded by a bed of earth and shale 6 feet, which covers a bed of coal of from 2 to 6 feet. 6 Phil. Trans. abridg. Part II. p. 223. In the Princess's shaft, at Dolau, in Germany, the strata are, grey calciferous clay, a latter, not effervescent, a whitish micaceous slate, bluish slate, bluish sandstone, shale, a seam of coal, 2,5 feet thick, reposing on bluish sandstone; with several alternations of the above with seams of coal; and, at last, semiprotolite. 2 Ger. Gesch. 156.


  At Drim Gloss, in Ireland, under 48 feet of clay and rubblestone, we meet a soft argillaceous stone 30 feet thick; then 35 feet of indurated clay, and 15 of shale covering 45 of coal. Whitehurst, 246. Sometimes, but very rarely, coal is covered only by one stratum: thus at Ozegow, in Upper Silesia, a seam of coal is found immediately under 18 or 24 feet of clay; the same circumstance occurs in some mines in the county of La Mark, only with the interposition of shale. Georgi also observed an instance of this sort in Dauria, near the river Argun and Schilea. 2 Gerh. Beytr. 159.


  The strata that occurred in sinking a shaft at Ilkeston, in Derbyshire, are very numerous; and the thickness of those of the same denomination, various; after 6 feet of soil and clay, there occurred 4 of shale; 18 inches of argillaceous iron ore; a seam of coal 15 inches thick; then clunch, grey stone, blue stone, black shale, iron stone, shale, blue bind, bituminous shale, blue clunch, blue bind, coal, 18 inches; black clunch, 4 inches; then a sort of cannel coal, 9 inches thick; blue clunch, bind, light coloured stone 4 feet thick, a greyish blue stone as hard as flint, 6 feet, a very light coloured stone, 14 feet, bind, grey stone, blue bind, soft coal, 2,5 feet; bind, 6 feet, soft coal, 13 inches; black clunch, light coloured clunch, bind, 11 feet; coal, not an inch thick; black clunch 3 feet; clunch and bind, 25 feet; hard coal, 6 feet; clunch, 3 feet. Pilkington, 82.


  At Pinxton church (near Alfreton, as appears by the map) the strata are, 6 feet of soil and clay, black shale, with coal shreds; bind, stone, a crumbly stone, bind, hard shale, intermixed with stone, clunch with iron ore, bind, with stripes of coal, grey shale, with shreds of black stone; yellow sandstone, sandy shale, a siliceous stone, grey stone, with coal stripes, bind, 3 feet of smut; and 5 feet 10 inches of hard coal; the whole depth 77 feet. Pilkington, 86.


  At Newhall, in Derbyshire, the strata are 12 feet of blue earth; 48 of black earth, then 3 feet of coal; then 3 feet of blue bind, covering 6 of hard coal; under this lie 3 feet of blue bind, covering 7 of a softer coal. Pilkington, 91.


  In the valley of Plauen, in Saxony, several coal mines are found, whose strata are thus described by Charp. 54. Under the mould, there occur clays of various colours, white, grey, reddish, or greenish; in some places 3 or 4 feet, in others 50 or 60 feet deep and there vulgarly called marl; 2°. then an arenaceous stratum, from a few inches to one foot thick, and of various colours. 3°. Grey, or bluish indurated clay, whose thickness is as variable as that of the first stratum. 4°. Another arenaceous stratum, as No. 2. 5°. A still harder clay, of variable thickness, like No. 1. 6° Shale, from 1 to 3 feet thick; and, lastly, coal of different goodness, from 2 to 32 feet thick: this coal contains vitriolic acid, and in the strata, vegetable impressions, and some of muscles; bituminated wood has also been found in it, p. 58.


  At Niederhersmdorf, in the same valley, coal has been found under a stony conglomeration of argillaceous porphyry, and argillite, 12 feet thick, but immediately covered by 36 feet of greenish and variegated shale; this coal abounds in pyrites. 2 Berg. Jour. 1792, 136, &c.


  At Pottschapel the strata are, mould of various thickness, from 16 to 20 feet; then dark yellow, and greenish grey indurated clay, with impressions of plants, particularly of reeds, sulphur pyrites, and fragments of galena, of variable thickness, from 40 to 120 feet, under which coal is found; sometimes with the intervention of a stratum of bituminous shale 2 or 3 feet thick: the seam of coal is from 18 to 40 feet thick, 6 Lempe, 43, &c. It reposes on indurated clay, as this does on a porphyritic rock. Ibid. 52.


  In the coal mines near Bilin, in Bohemia, the strata are, greyish mould, 2 feet; whitish grey clay, 5 feet; reddish brown sand, 20 feet; bluish grey clay, 10 feet; shale with pyrites and vegetable impressions, 18 feet; coal, 48 feet thick. Reuss Mittel Geb. 42. The direction of the coal is from S.W. to N.E. Ibid. 45, its dip is contrary to the declivity of the hill.


  At the foot of the mountain of Gangelhof, which is partly porphyraceous and partly trappose, there is a coal mine, the first stratum of which is mound, about 2 feet thick; the second, sand mixed with mica, 6,5 feet; the third, clay, 6,5 feet; the fourth, shale; the fifth, coal, reposing on trap. Reuss Mittel Gebirg. 92. In the coal mines of Rive de Gier, the strata are, I°. mould, 8 or 10 feet deep; then a farcilite with mica, 5 feet; another minuter grained; a coarse sandstone, in some places covered with shale bearing vegetable impressions; a micaceous sandstone; bituminous shale; a seam of coal, 6 inches thick; sandstone, 10 feet; ditto slightly bituminated: ditto, bituminous shale; shale, bituminous shale, coal, 18 feet. 13 Roz. 180.


  § 3. Of Arenilitic, or Sandstone Soils.


  At Bagelt, in North Wales, after 45 feet of gravel and sand, we meet with a bed of shale 9 feet thick; then argillaceous sandstone; and another bed of shale, under which a bed of coal is found; beneath these, indurated clay, sandstone, and coal, alternate with each other to a considerable depth; the sandstone in some strata is 44, and in one 90 feet thick; in one instance a bed of shale, with shells of fish, covers the coal. Whitehurst, 242.


  The next mine of this sort I shall mention, is that of Blakelow, near Macclesfield, which I owe to Mr. Mills; as he is well skilled in mineralogy, his description is much more accurate than any of the foregoing, therefore I shall give it more at large.


  The first stratum consists of clay and gravel, 15 feet thick; this is followed by a bed of shale of the enormous depth of 102 feet; after which a thin seam of smut appears; under this a siliceous sandstone mixed with mica, 25 feet; then a soft grey lamellar sandstone mixed also with mica, about 2 feet, this is here called grey beds; then shale alternating with the grey beds to the depth of about 4 feet; under the last bed of shale another seam of coal is found, 14 inches thick, and under it a grey indurated clay; this is succeeded by a compact, siliceous, and somewhat micaceous sandstone, 36 feet thick; under which, after three alternations of grey beds and shale, a stratum of nodular iron stone occurs, 4 feet thick; then a bed of shale, covering another of coal, which reposes on grey clay; this bed of coal increases in thickness as it rises in the hill. The grey clay is succeeded by a conglomeration of shale and sandstone, 30 feet thick, under which lies a seam of coal so mixed with pyrites as not to be worked; the dip of this coal is to the N.E. nearly 26°. Here we may observe, that shale constantly covers coal, and that iron stone is found, and mica, and the beds as elsewhere, vary in thickness. 3 Ir. Acad, 50. In the shaft of St. Sophia, at Wettin, after 1 1/2 foot of mould, there occur 5 fathom of a brown stone, and 6 of bituminous shale, which is succeeded by reddish blue somewhat micaceous, sandstone slate, as this is by a calcareous breccia filled with flints and whose cement is siliceous; this reposes on a grey micaceous sandstone, which is followed by a blue limestone, under which lies a coarse micaceous shale; then common shale covering a bed of coal, 2,5 feet thick, but mixed with pyrites; after this shale and coal alternate, until all terminate in red semiprotolite. 2 Gerh. Beytr. 152.


  In the shaft of Dorothea at Lobegin, we meet the following strata, mould, a pale yellow calciferous clay, yellow iron shot sand, 6 fathom of greyish black slate (shale, as I suppose) somewhat micaceous, a grey breccia, with a siliceous cement formed of steatites, quartz and flints, 4,5 fathom thick, then shale covering a seam of coal about 4 feet thick, then a fine grained somewhat sparry sandstone, another stratum of the above breccia, shale, coal, and sandstone. 2, Gerh. Beytr. 154.


  At Ibenburen, in the county of Tuklenburg, after 3 or 4 feet of clay, we meet 6 feet of slaty micaceous sandstone, and under it a thin bed of coal, then a bed of shale, one of coal, and three of sandstone; lastly a bed of shale covering another of good coal, 8 feet thick, 2 Gerh. Gesch. 157. In the coal mine of Boserup, in Scania, the first stratum is mould somewhat clayey and sandy 12 feet, a grey argillaceous sandstone with iron ore, 20 feet, succeeds; then a bed of coal only 1 foot, reposing on indurated martial clay, then a yellowish sandstone, 7 feet, a sandy shale 3 feet, covering a pyritous coal 2 feet thick. Schwed. Abhand. 1773. The mine at Helsingham is somewhat singular; below a bed of sandstone 36 feet thick, appears a seam of coal, 2 feet, then shale 12 feet, sandstone 6 feet, and, lastly, coal 1 foot. Ibid.


  In the coal pits of Shubley, in the parish of Dronfield, in Derbyshire, under 90 feet of sandstone there are 33 of blue bind, and 21 of black shale, covering 3 of coal, under which is a bad sort, called dirt, and again, 2 feet of coal. Pilkington, 87. In the coal pits of Morsleben, and Wefensleben, in the principality of Halberstadt, the following strata occur, mould, of variable thickness, a ferruginous sandy clay, 6 feet, grey clay, from 18 to 24 feet, brown ferruginous sandstone, whitish grey sandstone, bluish sandstone, a bluish slaty and sandy argillocalcite, indurated slaty clay, a bluish slaty argillocalcite, coal, from 10 to 18 inches thick (Gerhard, 105), shale, 6 or 8 feet, black slaty, indurated, clay, grey argillaceous sandstone, from 24 to 30 feet thick, slaty indurated clay, grey sandy argillocalcite, with pyrites intermixed. Lehm. 184. At Althal in the forest of Thuringia, a seam of coal reposes on white sandstone, but sometimes immediately on granite. 2 Berg. Jour. 1790, 322. At Themmin in Bohemia, the strata are, mould, turfy earth, ferruginous sandstone, marl, coarse sandstone, shale, coal, reposing on sandstone, 2 Berg. Jour. 1791, 57.


  Near Mannebach, coal is found in a rift of a porphyritic mountain covered with shale, and floored with sandstone, in several successive strata. Voight, 9, 10. In the neighbourhood of Liege there are upwards of 40 seams of coal one above the other; they are separated from each other by coarse, or fine grained, sandstone, frequently micaceous, and sometimes by black reddish shale. 1 Jars. 288. 295. the uppermost seams are often the belt; in the same stratum the coal is often of different qualities in different districts. At Aix la Chapelle, the coal also lies between strata of sandstone, and shale or indurated clay. It is mostly natural carbon. 1 Jars. 306.


  Of Trappose, or basaltic Soils.


  Bally Castle, 60 feet of trap or whin, cover 24 of shale; under which a yellow sandstone 42 feet, covers 21 of coal; this rests on 90 feet of grey sandstone, which cover another seam of coal 5 feet thick. Whitehurst. At Borrowstounness in Scotland, a stratum of trap or whin is the immediate roof of a seam of coal; and at Hillhouse near Lithlingow, a thin seam of coal is found below a stratum of columnar basalt. At Bathgate hills, strata of coal and basalt alternate with each other. 1 Williams, 70.


  Carbonated wood is frequently found under trap, whin, or basalt.


  At Stackhouse, in Westerwald, after 6 feet of mould, we meet 6 of whin or wacken; then some strata of brown or grey clay; under which the first stratum of carbonated wood appears; sometimes the first stratum is black, being mixed with whin or wacken; the 2d a grey clay; the 3d a yellow clay; and then a bed of whin or wacken; but the coal is always covered by blue or grey clay, its depth from 11 to 14 fathom. 1 Berl. Beob. 52. 56. Neither petrifactions nor vegetable impressions are found in it, 58. but crystals of selenite and pyrites abound. The thickness of the stratum continually decreases in receding from Stackhausen, 106. 108. Wood coal and bituminous stone coal frequently accompany each other; sometimes, as at Meisen, the stone coal is uppermost, and the wood coal under it; but at Toplitz, in Bohemia, the wood coal is uppermost. 110.


  At Meisen in Hessia, galleries have been pushed upwards into the side of the hill, 900 feet under its summit. 1°. Into sandstone, then into clay, and, lastly, into a bed of coal from 6 to 90 feet thick, over this lies a mass of trap or basalt, 600 feet high: the course of the coal is horizontal, and the basalt in some places penetrates down to the clay; where the coal is some fathom thick it forms a strata, that next the basalt is the best and most bituminous, 1 Berg. Jour. 1792, 379. Under that is a slighter kind reposing upon wood coal; under which is a stratum, ill described, but which I take to be a mixture of disintegrated coal and clay. 1 Berg. Jour. 1789, 275. 280. Between Mezin and Velay, natural carbon is found under trap or basalt, and reposing on granite. 2 Soulavie, 235. 237. yet Faujas 8 Buff. Mineral, in 8vo. tells us, he always observed a bed of semiprotolite interceding between the coal and the granite; Faujas also observed basaltic pillars reposing on a seam of coal, and not piercing through it; yet there interceded between them a thin bed of grey clay; the stratum of coal was 3 inches thick, it rested on another of grey clay, under which was another thick seam of coal. Faujas Recherches sur les Volcans Eteints, 388. The beds of clay, he observed, proceeded without interruption into the mountain, which shews they did not proceed from the decomposition of the basalt. Ibid. 339.


  Of calcareous Soils.


  Near Milhant and St. George, coal Is found in a secondary calcareous mountain, but covered by bituminous and pyritiferous clay, 11 Ann. Chy. 272. Near Kratigen in Swisserland, a thick bed of coal is found in the midst of limestone. Ferber Briefe Mineralog. Inhalt. 24.


  At Multhorp in Sweden, a coal resembling cannel coal is found inclosed in strata of aluminous shale, over which 2 strata of limestone repose. Mem. Stock. 1767, 35. At Alais, the coal is so mixed with limestone as to afford lime after combustion. 8 Buff. Mineral. 8vo. 189.


  Between the calcareous strata of Mount Saleve in Swisserland, there are thin seams of coal, roofed and floored with grey or brown calciferous shale. 1 Sauss. § 246. This coal seems to be of the nature of cannel coal. Ibid. At Lobegin near Wettin, the strata are, 1. Mould of various thickness, then loam 6 feet thick, red sand, 7 feet, slaty argillaceous stone, 10 feet, grey swinestone, 10 feet, grey limestone, alternating with an iron shotstone, both containing, the first white, the other red baroselenite, from 12 to 18 feet, a grey argillocalcite of variable thickness, shale with shreds of coal, black indurated clay with nests of calcareous earth and sulphur pyrites, coal, selenitic spar (baroselenite), coal, 3 or 5 feet, under which lies a bad kind, grey limestone 3 or 4 feet, black shale, and limestone, more or less argillaceous. Lehm. 180.


  Strata of limestone, of various thickness, colour, and quality, are very common in the coal fields of Scotland; at Blackburn, in West Lothian, a stratum of limestone, 6 or 7 feet thick, is the immediate cover of a seam of caking coal 5 or 6 feet thick. At Carlops a stratum of coal is found beneath a limestone quarry. 1 Williams, 73. 1 Berg. Jour. 1789, 495. The limestone of Coal fields contains a variety of shells, coral, and other marine productions, blended in the heart and composition of the stone. 2 Williams, 26. At Anzin, near Valenciennes, there is a tract in which horizontal beds of limestone, marlite, and chalk, alternate, under these are sandstone and shale, between which coals lie. 11 Ann. Chy. 273. In some of the pits at Liege the strata are, 1. mould, 2. clay, 3. a sandy martial clay, 4. a calciferous sand, 5. chalk with flints, from 42 to 72 feet thick, under this various beds of sandstone and shale. Morand Arts and Metiers, &c.


  In the coal pits of Pirken, in Bavaria, ten seams of coal very near each other, alternate with shale, marl, and swinestone; the swinestone abounds in marine shells of all sorts, and the marl still more; these strata form an angle with the horizon, of from 74 to 76 degrees. Flurl Bavaria, 103, 104.


  CHAP. II.


  FEW problems occur in the natural history of minerals of more difficult solution than that of the origin and formation of mineral coal and its mines must have been, before Lavoisier had discovered that it was a constituent part of fixed air; but this degree of knowledge being gained, we must, of course, allow that carbonic substance is of equal antiquity with fixed air, and this air being a component part of many of the solid substances which form the great mass of the globe, it is equally evident that it must be coeval with those substances, and, consequently, must have preceded the existence of animals and vegetables, as I have stated in my first Essay.


  Before this important discovery, three solutions of this problem were proposed, two of which have still some footing, and the third being almost generally received, I must previously shew the insufficiency of all of them, as an apology for introducing my own.


  According to the first opinion, which is that of Mr. Genfanne and some other mineralogists, pit coal is nothing else than an earth or stone, chiefly of the argillaceous genus, penetrated and impregnated with petrol or asphalt. Kilkenny coal or natural carbon demonstrates the insufficiency of this solution, for this coal contains neither petrol nor other bitumen; besides, the quantity of earthy or stony matter in the most bituminous coal, bears no proportion to the weight of that coal; bituminous coal is capable of being charred, and then it is a substance almost entirely resembling vegetable charcoal, which, on combustion, scarcely leaves 1/30 of its weight of argil or stony matter: neither can any be said to be a bitumen, for when charred, its volume is diminished at most 2/3, whereas bitumen, even the most compact, either leaves no coaly matter, or at most, only an inconsiderable quantity.


  The next, and still the most prevailing opinion is, that all mineral coal is of vegetable origin, that it arises from the immense forests with which the earth was originally covered, which by various subsequent revolutions were buried under those vast strata of earth which at present cover mineral coal; these woods, it is said, were mineralized by some unknown process, but of which the vitriolic acid was the principal agent; by means of this acid the oils of the different species of wood were converted into bitumen, and a coaly substance was formed, as in the process for making aether; in support of this opinion it is alledged, 1. that in many of the various strata that cover coal mines, and particularly in the shale or indurated clay, which immediately cover seams of coal, vegetable impressions are found. 2. That wood, actually converted into coal, is frequently observed among strata of mineral coal, and, in some, whole trees are found, some parts of which are in their original vegetable state, and the remainder converted into coal.


  I shall first obviate the consequence deduced from these observations, and then state the principal objections to this system. That vegetable impressions are often found in the strata that cover coal, or on those on which it reposes, is a certain fact, but this fact may be better accounted for in the theory I shall presently propose; the impressions observed are those of herbaceous plants, as ferns, &c. and these, of all others, contain least oil; their existence has, therefore, no connexion with the conversion of vegetables into coal; the impressions of resiniferous plants, which alone are capable of furnishing most oil, have never been discovered on the strata that accompany coal, and the trees found are commonly birch or oak. As to the agency of the vitriolic acid, it is very different from that which has been stated, no vegetable oil has ever been converted by it into petrol, nor has it ever been known to have contributed to the formation of any real bitumen; its agency however, in converting some species of wood into coal, when bitumen is otherwise supplied, is not denied; it acts upon, decomposes, and is decomposed, by the resinous part of the wood, or its oil, and leaves the carbonaceous part untouched; but this carbonaceous part would never be bituminated and converted into coal if real bitumen were not present, as appears by the observation of Arduino, who found the timber employed in supporting ancient mines, and which had stood many centuries in the midst of pyrites and vitriolic waters, blackened indeed, but not in the least bituminated; whereas wood anciently deposited in the muddy bed of the Lagune, about Venice, was in some degree bituminated, having received bitumen from the sea water. Fraboni del Antracite, 11. In this case the wood was first decomposed by putrefaction, and afterwards somewhat bituminated. Hence it is allowed that some fragments of wood may have its texture, in great measure destroyed by the vitriolic acid, and be afterwards bituminated; yet its texture is never totally destroyed, but may be discerned by the help of the nitrous acid, as Mr. Fraboni has shewn [70].


  Thus that species of coal called wood coal is formed, in which vitriolic acid is always found, but it is easily distinguished from true mineral coal, as it burns more weakly, with a disagreeable smell and abounds in vitriolic acid; whereas true mineral coal contains this acid only accidentally, emitting most frequently no acid in distillation, but only volalkali, as Mr. Lavoisier has shewn. Mem. Par. 1778, 436. The ashes of wood coal afford some traces of fixed alkali [71], whereas true mineral coal contains none, at least Model found none in that of Newcastle. 1 Model, 456. This shews that mineral coal does not originate from wood deposited in or out of the sea:—Yet as it may be replied, that nature probably possesses means of mineralizing vegetables, with which we are unacquainted, perhaps the following observations may be deemed the most conclusive.


  1°. Coals are commonly found in stratified mountains, and form strata, of which, however, they may differ one from the other in thickness, each preserves its own for a considerable space, as half a mile, a mile, or two miles; but in mines of wood coal no such uniformity takes place; on the contrary, in the most considerable of these an uniform decrease of thickness from the place in which the wood was first heaped, is observed; thus in the famous mine of wood coal, in the Westerwalds in the territory of Orange Nassau, the thickness of the stratum is observed continually to decrease as it extends from Stockhausen. I Berl. Beob. 106. 108. and Morand, in Description des Arts and Metiers, p. 10, folio.


  2°. Seams of real mineral coal, and those of earth or stone that accompany them, are observed, while uninterrupted by slips or dykes, to he parallel to each other to a great extent, and even after such interruption, whether elevated or depressed, still to maintain their parallelism. But in mines of wood coal, notwithstanding the contrary assertion of Morand, Ibid. p. 8, 9. late observations have ascertained that no such parallelism, nor even any distinct number of strata prevail, but the whole appears to be one stratum irregularly divided by masses of clay or stone; this has been proved in the Westerwalds (the very place in which Morand, misled by superficial observers, had asserted a regular stratification to have taken place,) after an accurate examination by Mr. Becker secretary to the Mining Board of that country, 1 Berl. Beob. 10 x. 103. and by Fabri in his account of the mine of wood coal at Bruchliz. 1 Lempe Mag. 142.


  3°. Mines of wood coal present sudden elevations or depressions in the same stratum; mines of real mineral coal never. 1 Berl. Beob. 58.


  4°. There are no slips or dykes in wood coal mines, 1 Berl. Beob. 58. those of genuine coal abound in them.


  5°. Wood coal is frequently covered with round fragments of quartz, 1 Lempe. Mag. 143. genuine coal never.


  6°. There is at present in the Museum of Florence, a cellular sandstone, the cells of which are filled with genuine mineral coal. Fabroni Dal Antracite, 10. Could this have been originally wood?


  7°. According to Voight Prack. Geb. 80, 81. genuine coal is seldom found in plains, but wood coal frequently is. Ibid.


  Reflecting on these facts, it appears to me highly probable, that real mineral coal does not originate from vegetable substances of any sort; the resemblance observed between bituminated carbonated wood and mineral coal, arises from the similarity of their composition, both being formed of carbon and bitumen, but by no means evinces the filiation of the latter from the former.


  The third opinion relative to the origin of pit coal is, that of the celebrated Arduino; he thinks it entirely of marine formation, originating from the fat and unctuosity of the numerous tribes of animals that inhabit the Ocean. Fabroni, 12. 14. This opinion rests simply on the observation, that sea shells, or their impressions, are frequently found in coal, in Italy, or at least in, or on, the strata that accompany them, but it is fully contradicted by the much more general observation, that the traces of land and not of marine vegetables are found on the strata that cover seams of coal in all countries, or on those on which these seams rest, or on both: that sea shells are scarce ever found among them in other countries, and much less the bones of fish: that, on the contrary, reeds or rushes, and fluviatile shells, have been found in the strata that cover coal. Morand, 8. That common salt is never found in coal mines, except when in the neighbourhood of salt springs, 2 Gerh. Gesch. 144. but, on the contrary, alum and vitriol, which are never found in the sea. 3 Mem. Laus. 321. That in the deserts near the Caspian, on which the sea is known to have rested for perhaps many centuries, no coal mines are found: that the unctuosity of marine animals should rather float than sink in the sea;—that there is no known instance of its having been ever converted into a bitumen.


  The opinion which I now propose, is grounded on the following facts:


  1°. Granite has been known sometimes to contain small veins of coal. 30 Roz. 378. per Bournon, and Lavoisier in Mem. Par. 1778, 440.


  2°. Plumbago which is natural carbon combined with a certain proportion of iron, has also been found in granite, 2 Berg. Jour. 1790, 532. and in shistose mica. 2 Sauss. 450, 451.


  3°. Hornblende, a stone which enters into the composition of many rocks of the granitic order, as sienite, and grunstein, and of many granitines, and of most traps, and of many basalts, has lately been found to contain carbon. Lampadius, 184. Hornblende is also often found in gneiss, and still oftener in porphyry; carbon has also been discovered in siliceous shistus by Wiegleb, 1 Chy. Ann. 1788, p. 50 and 140. and in basanite by Lampadius and Humbolt. 2 Chy. Ann. 1795, 114 and 3.


  Again, bitumen also is found in various stones, and flows from various mountains: in Mount Caucasus there is a fountain of it that flows into the sea, and sinks to the bottom. 3 Descouvertes Russes, 83, 84. Mr. Mills discovered a bitumen whose specific gravity was 1,284, immediately under a trap (he calls it lava). Phil. Trans. 1790, 83. 87. It has been found in quartz, 1 Berg. Jour. 1791, 91. in the cavities of trap in Derbyshire, 1 Pilk. 178. and in black marble. Ibid. 178. Fortis also observed it in black marble in the Isle of Bua, on the coast of Dalmatia, transuding in the heat of the day, and congealed into drops at night [72]. Williams made the same observation in Scotland, 1 Williams, 235. and Triewald in Sweden. Swensk. Handling. 1740, 203. Its existence in bituminous marlite, and bituminous shale, is well known. Pallas discovered bitumen in the limestone on the banks of the Volga; 1 Descouv. Russes, 462. and in Bavaria there are fountains of it in mountains consisting of sandstone and limestone, that alternate with each other. Flurl, 89.


  A whole lake of asphalt is said to exist in the Isle of Trinidad, in South America, which is liquid in summer, and solid in winter. Phil. Trans. 1789, 65. And several in Siberia, 1 Descouv. Russes, 384, &c. and Persia.


  Fountains of bitumen have been found in coal mines. Mem. Par. 1747, 1031, in 8vo.


  Hence it evidently follows, that carbonic substance, and petrol entered into the original composition of the stones already enumerated, and therefore are derived front the primordial chaotic fluid, in whose bosom most stones were formed.


  I must farther observe, that it is admitted that most mountains were originally much higher than at present, having been successively degraded and lowered by various subsequent accidents; particularly by disintegration and decomposition. That many of the granitic and porphyrinic order, particularly those in which hornblende is found, and those of the trappose order, and siliceous shistus, are most subject to this degradation and decomposition, and those of the calcareous and argilitic genera, are least subject to it. It is also known, that the highest mountains, from the greater vicissitudes of heat and cold, and the impetuous shocks of the atmosphere, to which (every thing else being equal) they are most exposed, are most subject to this destructive operation,


  That several mountains have been entirely destroyed by decomposition.


  That the highest mountains condense most water, which gradually trickling down their sides, carries off most of their disintegrated parts.


  From these fact it may justly be inferred,


  1°. That natural carbon was originally contained in many mountains of the granitic and porphyritic order; and also in siliceous shistus, and might, by disintegration and decomposition, be separated from the stony particles.


  2°. That both petrol and carbon are often contained in trap, since hornblende very frequently enters into its composition.


  My opinion, therefore, is, that coal mines or strata of coal, as well as the mountains or hills in which they are found, owe their origin to the disintegration and decomposition of primeval mountains, either now totally destroyed, or whose height and bulk, in consequence of such disintegration, are now considerably lessened. And that these rocks anciently destroyed, contained most probably, a far larger proportion of carbon and petrol, than those of the same denomination now contain, since their disintegration took place at so early a period.


  On this supposition, I think the formation of coal mines, and most of the circumstances attending them, may naturally be accounted for.


  And first, as to the seams of coals themselves and their attendant strata, they must have resulted from the equable diffusion of the disintegrated particles of the primitive mountains, successively carried down by the gentle trickling of the numerous rills that flowed from those mountains, and, in many cases, more widely diffused by more copious streams. By this decomposition the felspar and hornblende were converted into clay, the bituminous particles thus set free, reunited and were absorbed partly by the argil, but chiefly by the carbonaceous matter with which they have evidently the greatest affinity, since they are separable by boiling water from the former, and scarcely by the strongest heat in close vessels from the latter, and even in an open fire, only by a heat much superior to that of boiling water. The carbonic and bituminous particles thus united, being difficultly miscible with water, and specifically heavier, sunk through the moist, pulpy, incoherent, argillaceous masses, and formed the lowest stratum, unless in cases where their proportion to the argillaceous particles was so small, that the latter had subsided and coalesced before the former could have been reunited, in that case the clayey particles formed the lower stratum of indurated clay. But if the petrol were in the greatest proportion, it frequently sunk first in the form of a soft bitumen, carrying with it the clay and forming beds of shale, or bituminous shale, according to its proportion. By oxygenation it becomes specifically heavier than water.


  In some cases, semiprotolite [73] formed the lower stratum. This happened when ferruginous particles were most abundant and separated before the disintegration, or at least, the decomposition of the stony particles could be effected.


  In other obvious cases, porphyry seems to form the lower stratum, namely, where primitive porphyry formed the substance of the plains over which the disintegrated particles were diffused; and this seems frequently the case in Saxony and England. It is only at stated periods of successive years that the disintegrated particles thus diffused, formed masses sufficiently considerable to allow the liberation of a sufficient quantity of carbonaceous and bituminous particles to form distinct strata of coal and earthy matter; from the regularity of these periods, the regularity of the similar composition of the diffused particles, and the uniformity of their diffusion, the regular thickness and parallelism of the strata naturally originated.


  As these strata were formed, not under the sea, but long after the emersion of their parent mountains from its bosom, hence it is that marine shells, or the impression of marine vegetables, are scarce ever found in them, Mem. Par. 1747, 1073. Not even in those of Whitehaven, which dip and are worked under it; but on the contrary, trees and fluviatile shells are frequently found among the strata; those of Whitehaven stretch under the sea, because the sea covers what before the insular state of Britain was land; but in Italy, and other parts contiguous to the Mediterranean and Adriatic, marine remains more frequently occur, from the causes mentioned in Essay III. The herbs whose impressions very generally occur on the shale that immediately covers coal are, as Morand observes, those that grow on low and moist grounds [74], as some species of the cryptogamia. It is true that Jussieu, Mem. Par. 1718, and 42 Roz. 450, thought these herbs to be peculiar to the East and West Indies; but Mr. Blumenbach, in this more advanced stage of the botanic science, judges them to be perfectly unknown [75], as indeed should be expected; such soils so composed and so situated being scarcely to be met with, and if they were, that species may at this time be easily suppressed by other more numerous tribes: some, however, much resemble the ferns that now exist in the adjacent country. Mem. Par. 1747, 1033. The impressions of these herbs is easily accounted for from the soft oleaginous state of the shales on which they are found, which readily received their print, and retained it long after the originals had decayed. This circumstance fully proves the soft original state of these stones, and that the strata had experienced no violent concussion ever since their formation, which dates from the remotest antiquity, as the slighted friction would irretrievably efface these impressions, and, consequently, that the numerous revolutions, and eruptions of lavas from subterraneous fires, which many theorists suppose to have taken place, are purely visionary. Nevertheless, that some derangement of the strata, but gentle and gradual, has taken place since their formation, is evident from their dislocation on different sides of, what is called, a slip, dyke, or trouble. The effect of this obstruction we have already mentioned; when it leans on one side, for instance to the east, and, consequently, overhangs the strata of coal placed to the east wards, the continuation of the strata of coal, and their concomitants, will often be found lower on the western side.


  To understand the reason of this phenomenon we must remember that where it takes place with the circumstances just mentioned, the slip is always a substance more or less different from any that form the strata in the coal mine, and when a stone, that it is a stony mass that resists decomposition, whilst the masses that formed the strata underwent that operation.


  2°. That no traces of fracture or compression of the strata are found at considerable distances from it, and, consequently, that it did not roll down from the disintegrated mountain from which these strata originate, at any time after the formation of the strata, otherwise, from its great weight, some traces of oppression would be observed; consequently, it existed in the spot where it stands, before the strata were formed, and as its height is so considerable as to reach through all the strata, it must have obstructed their extension for a considerable time, though at last the streaming waters must have conveyed the disintegrated particles beyond it; the pressure therefore on the side on which the strata were first formed, must have been much more considerable than on the side on which the strata of later formation repose, and must have pushed the upper and most moveable extremity of the slip, gradually towards the side on which there was least pressure and resistance; on that side it must therefore overhang: this pressure being of earlier date than that on the opposite side, must have had a more considerable effect in depressing each particular stratum, by squeezing out the watry particles entangled in them, and forcing their integrant particles into closer contact than could have been produced (the times being unequal) in those of later formation, and, consequently, the strata must be lower. This explanation, I own, I am not perfectly satisfied with, and only acquiesce in, until a fuller account of the circumstances of these slips is obtained. Where such a connexion between the inclination of the slip, and the elevation or depression of the strata has not been observed, and I do not find that it has in France, Flanders, or Germany [76], yet the unequal position of the strata on each side of it constantly has, and is attributed by Mr. Charpentier, with great shew of reason, partly to the unequal elevation of the basis on different sides of the slip, and, in some cases, to the sliding away of some of the lower strata. Saxony, 373. In Vol. VI. of the Phil. Trans. abridg. Part II. p. 185. the situation of metallic strata dislocated by such obstructions is represented as the very reverse of that which takes place in coal mines, and its explanation is much more natural.


  That the causes assigned by Charpentier, must have operated in some cases, is evident from this, that a similar dislocation of the strata has been observed where the intervening slip was only a few inches thick, as at Zwickhaw. 6 Lempe, 55. and no dislocation at all, or scarce any, where the slip was of considerable extension. Ibid. In the first case, therefore, the rift occupied by the slip must have been occasioned by the rupture of the strata, and afterwards filled up from above, by the substance of the slip: in the latter case, the usual consequence of the slip must have been counteracted by the inequality of the soil. In both the cases observed, the substance of the slip was a grey indurated clay, with some superficial traces of lead ore and sulphur pyrites, and some calcareous spar. It is in vain, therefore, that volcanists, or rather plutonists, ascribe these slips, and the disorders that accompany them, to subterraneous eruptions. Must a mere indurated clay be deemed a subterraneous eruption? Can a mass of it a few inches thick occasion a great disturbance, while one much more considerable, either occasions none at all, or a much smaller? Would not a conic elevation of both the sides of a disrupted stratum be the natural result of such an impression from below? A position, however, which the disrupted carbonaceous strata never present.


  The course or direction of the strata has been observed to be most generally towards some point between E. and W. or N.E. and S.W. because the winds from these points are most frequent, in Europe at least; and by these and the vicissitudes of heat and cold, moisture and dryness, that severally accompany them, disintegration and decomposition are most promoted.


  The varieties of the dip arise from the inequalities of the basis to which the strata always conform. Morand, 62. When the dip forms what is called a horse-shoe, descending from one mountain or hill, and ascending on the opposite, it is because the disintegrated particles descended from both, and the waters found the same level. Lastly, coal is scarcely ever found between calcareous strata, because carbon seldom exists in limestones, except that which forms a constituent part of fixed air; and calcareous mountains are less subject to disintegration than those of granite, porphyry, and trap. The origin of coal mines from disintegration and decomposition, which I have hitherto explained, is by far the most general, but in some particular cases, coal seems also to have orginated, and still to originate from transudation through substances imperfectly decomposed or decomposed after disintegration. Of the first we have an instance in the argillaceous mountain of St. Georges near Milhant. 11 An. Chy. 272. at 3/4 of the height of this mountain there is a stratum of coal which cuts the mountain in two; this must have been formed by transudation from the upper part before it had hardened; so also in the valley, between the mountains Jusson and Chaminelle, in Dauphiné, there are several strata of farcilite, compacted by a calcareous cement, and between them some inconsiderable seams of coal are found, which seem to have flowed from the contiguous calcareous mountains, for the stony masses of which these mountains consist, present at intervals black spots, which smell like swinestone. 11 An. Chy. 271. Most of the coal found in or under considerable masses of limestone, seems to have been formed in this manner. Near Kratigen, in Swisserland, a thick bed of coal is found in the midst of limestone; but in the vicinity, petrol and soft bitumens are found in the limestone. Ferber Briefe Min. Inhalt. 24. We have, according to Mr. Gennete, a still more evident instance of this mode of production of coal, from a substance subsequently recomposed in the coal mines of Liege; there a species of sandstone is found, called by the country miners agaz, in which there are veins through which a bitumen, or rather a bitumen impregnated with carbon, transudes, which forms seams of coal at present, and in 40 years fill up the parts already worked. The mass of this sandstone in the territory of Liege is, he says, to that of coal as 25 to 1; nay, Mr. Buffon, from whom I extract this passage, assures us, he saw himself some coal which had newly transuded in this manner. 2 Buff. Mineral, in 8vo. p. 204, 206. In all these cases it is plain, the sand originally formed by disintegration, had again by the operation of petrescent juices, coalesced into a stony substance, before the carbonaceous ingredient had been levered from it. It also not unfrequently happens that the proportion of petrol is not sufficient to carry off the disengaged carbon, and in these cases the coal must remain dispersed in the cavities of the sandstone; hence the shreds of coal often observed in sandstone, but of a bad kind, not being sufficiently impregnated with petrol. Charp. 7, and 46. Hence also in many parts of Swisserland there is scarce a sandhill without nests of coal. 4 Helv. Mag. 719.


  The connexion observed between trap, basalt, and coal mines, seems to indicate that these stony substances contain some proportion of carbon, and originally a much greater. That hornblende does contain it has been already mentioned, as also that trap contains petrol. Basalt, if it contains any carbon, contains least, but as trap abounds in hornblende is easily decomposible, and generally accompanies basalt, it is to its decomposition that I think the strata of coal found under it may be ascribed; some have thought that the coal next under it, is always of that kind that difficultly burns, which the vulcanists ascribe to its having been charred by the melted lava (so they call trap and basalt) that flowed over it; but they are evidently deceived, for the coal next to the trap is frequently the most inflammable and bituminous, as at Meissen. 1 Berg. Jour. 1792, 379. The coal found under trap, is chiefly of vegetable origin, but above it true mineral coal which originated from the trap itself frequently occurs, as at Meissen, &c. This vegetable coal is formed of trees prostrated by the deluge, accidently covered with trap, at its last period, as already shewn, and bituminated by the petrol flowing from the trap; hence at Meissen, its lowest strata, to which a sufficient quantity of petrol could not reach, is the worst. 1 Berg. Jour. 1792, 378. Carbonated wood is often found in various coal mines, not because the coal derived its origin from wood, but because the carbonic part of the wood was preferred, and as it were embalmed by the petrol of the original coal mine, whereas in other places the wood decayed as usual.


  To confirm this theory, I shall now proceed to shew its conformity to actual appearances, by proving the identity of the materials that form the strata, with those of the mountains, from whose disintegration and decomposition I have asserted the strata to have originated.


  1°. The coal mines in the valley of Plauen, are skirted with mountains of argillaceous porphyry, and sienite, which frequently alternate with each other. Charp. 51. the sienite consists of hornblende and flesh red felspar, and very little quartz; the porphyry also contains red and bluish felspar, quartz minutely divided, and indurated clay, blue, red, and greenish. Charp. 50. 2 Berg. Jour. 1792, 753. accordingly the coal strata consist entirely of clay and sand of the same variety of colours. Some bivalved muscles, as well as vegetable impressions are found in some of these strata; the muscles are probably fluviatile, as the impressions are of fresh water plants; but I should not be surprised if marine shells should also be found among them, as the porphyrinic and sienitic hills are surmounted with limestones, in which these shells are plentifully found. Charp. Ibid. and some of these might undoubtedly crumble down with the disintegrated stones on which they reposed; the wood probably grew on the mountains at the time of their decomposition.


  2°. The hills about Potchapel coalmines are entirely of argillaceous porphyry, containing only minute grains of quartz, and of which the felspar is frequently converted into clay, hence the coal strata here consist entirely of clay. 6 Lempe, 41.


  3°. From porphyraceous mountains, not very distant, the strata of the coal mines in the valley of Planitz, placed between them, and of those of Zwickau, Bockwa, and Reinsdorf, are evidently derived; the porphyry is argillaceous, and abounds in quartz, the quartz often contains mica, and is then called there a sandstone, its colour is often red, green, blue, or white, alternates with layers of clay, and red, soft, ferruginous, sandstone, and soon withers when exposed to the air. Charp. 294. Accordingly in the coal mines under the mould, we first meet grey and reddish clay, then a stratum of quartzy sand 13 feet, then a fine grained sandstone, with organic impressions, and balls of agate or calcedony; under this, indurated clay, and shale, passing into the bituminous sort; under this the coal lies. Ibid. 300, 301.


  4°. The coal mines of Wilkischen near Kladrau, in Bohemia, are bordered by, and situated on the declivity of mountains of granite, and micaceous argillite; in the fields where they are found, blocks of granite repose on the surface. The strata that cover the seams of coal consist of a greyish white clay, micaceous sand and shale, with vegetable impressions, which strata, as Ferber justly observes, were formed by the disintegration and decomposition of the adjacent mountains. Bohemia, 300, 303 [77]. 3 Berg. Jour. 1791, 56. all the strata finally repose on granite, as he observed: the depth of these mines is only 36 feet.


  5°. The chain of mountains adjacent to Rive de Gier consist of granite and gneiss; the valley betwixt these and the river Gier, presents sandstones and breccias proceeding from their disintegration, 11 Ann. Chy. 270. and accordingly the coal mines are formed of strata of sandstone, but chiefly of shale, more or less bituminated, as we have already observed.


  6°. The chain of mountains in Languedoc, that extends from Anduse to Villefort, consist of primitive sandstone, and abounds in iron mines; it is accompanied by a soil that originated from disintegration, and in this, coal covered with bituminous shale is found in heaps between the arenilitic rocks. Mem. Par. 1747, 1028. 1033. Mr. Tonson found the coal mine of Oedinburg in Hungary, covered with sandstone, but the neighbouring rocks were shistose mica. Hungary, 40.


  7°. On the side of a granitic mountain, near St. Hypolite, Lavoisier found the following strata, red clay, black sandy earth, gravel mixed with felspar, gravel indurated into true granite, the same in a loose form, both these alternating with each other; shale, bituminous shale, with vegetable impressions, with thin veins of coal, and at last, granite. Mem. Par. 1778,440. Here we evidently see the origin of coal from the mere detritus, or disintegration of granite. Elsewhere also coal covered with sandstone reposes immediately on granite, 2 Berg. Jour. 1790, 322. the sandstone then most probably proceeded from the granite. One of the mountainous ridges of Languedoc, called Servas, consists of limestone richly impregnated with Petrol; now in one of the ravines of this mountain, beds of sand, and of a highly bituminated coal, alternate with each other. Mem. Par. 1746, 1081, in 8vo. Is it not then certain that this mountain was degraded by disintegration? That the bituminated coal separated, and formed a distinct stratum, leaving the stony part in the form of sand? And, that from successive disintegrations the multiplied strata arose? Some shells are found over the coal, partly marine (viz. turbinites) and partly those of land snails, Ibid. 1082. the former from the limestone, the latter must have been produced long after the mountain had emerged from the sea: an exact confirmation of the present theory.


  8° Near the river Angara, in Siberia, there a different strata of coal, 3 or 4 inches thick, separated from each other by argillaceous and arenaceous strata, but without any organic remains. 38 Roz. 226. This river is surrounded by primitive mountains, from whose disintegration these strata evidently proceed; a disintegration that probably preceded the production of organic substances.


  9°. The dip of the seams of coal at Whitehaven is from E. to W. and of those of Newcastle from W. to E. which shews that both proceeded from the interior intermediate mountains.


  The practical inferences from this theory are,


  1°. That coal is never to be expected in primeval mountains, as granite, gneiss, &c. but that on the sides of these, particularly if very high, or in the hanging level that slopes from them to some river or valley, it may be sought.


  2°. That there is still a greater probability of finding it in the neighbourhood of mountains of argillaceous porphyry, as those are still more subject to disintegration.


  3°. That it may be sought with probability of success in sandstone mountains, if sandstone and clay alternate, or sandstone, clay, and argillaceous iron ore.


  4°. That in any elevated land in which sandstone and shale, with vegetable impressions, or indurated clay and shale, or bituminous shale, form distinct strata, or clay, iron ore, and shale, with or without strata of sand, coal may well be expected.


  5°. That if sandstone be found under limestone, or if they alternate with each other, and, particularly, if indurated clay and shale form any of the strata, they afford a probable indication of coal; otherwise coal is very rarely found in, or under, limestone.


  6°. That coal is very seldom found with argillite, and such as has been is of the uninflammable kind.


  7°. That where trap, or whin and clay, alternate, and more especially trap and sandstone, coal may be expected; it is often, but not regularly, found under basalt:—Wood coal is sometimes found under both.


  Lastly, that coal frequently bursts out on the surface, or on the sides of hills, in a withered state, which diffuses itself to a distance from its origin, and requires an experienced miner to trace it truly to the seam to which it belongs.


  ESSAY VIII. OF COMMON SALT AND ITS MIXES.


  Common salt is found either in a liquid or in a solid form, and in greater plenty than any other salt whatsoever.


  In the liquid form it is found in the sea, in salt lakes, and in salt springs; as both these last, however, proceed from masses of salt contained in the earth, in a solid form, I shall postpone their consideration to that of salt in a solid form.


  § 1. Of the Sea.


  The sea, comprehending under that name the different oceans, the Mediterranean, Euxine, and Baltic, is undoubtedly the most considerable mine of any sort existing in any known part of the globe, since judging from indiscriminate experiments 1/28 of its whole weight nearly, is saline matter; the extremes are 1/32 and 1/24 or 3 per cent, or 4 per cent, nearly. Phipps found the weight of its saline contents at the back of Yarmouth sands nearly 1/32, Lat. 530. and Bergman found that taken up in the latitude of the Canaries to contain about 1/24 of its weight of saline matter; but these quantities, even in the same latitude, are variable, there being less in rainy than in dry, and greater in stormy than in calm weather (if the degrees of heat be not very different), as storms powerfully promote evaporation. Near land also, and particularly near the mouth of great rivers, it is evident the proportion of saline matter must be smaller than at a considerable distance from them. It has been generally imagined that at great depths the sea water is more salt, though less nauscous, than at the surface, but Mr. Bladh has completely proved, that to the depth at least of 50 fathom, there is no difference. 35 Mem. Stock. Neither does the mere difference of latitude cause any considerable difference in the proportion of saline matter contained in sea water, as appears by the experiments of Phipps, Baumé, and 1 Pages; and hence it is evident that the sea does not derive its saltness from any mountains of salt contained in it, as some have thought, for in that case more would be daily dissolved in the hot than in the cold climates. Phipps in latitude 8o° N. 60 fathom under ice, found the water to contain of saline matter 1/28.2, that is, 3,54 per cent, and Pages in latitude 81°, found 4 percent, or 1/25, the temperature I do not mention, as it could make no difference where such minute quantities are concerned. In lat. 740 nearly, or 3,6 per cent. Phipps; 4,75 per cent, by Pages; but I fancy this must be a mistake. In lat. 6o° Phipps found and Pages 1/28.5, or 3,5 per cent, in lat. 59° in the German Sea; in lat. 53° Phipps found 1/32, on the back of Yarmouth sands, but I suspect some fault in this experiment, as the specific gravity ascribed to the water that contained it, does not at all agree with so small a proportion of saline matter.


  Lavoisier scarcely got 2 per cent, from sea water taken up, as he was informed, 4 leagues from Dieppe, and Monnet still less. See Mem. Par. 1772, p. 349. in 8vo. and Monnet Nouvell. Hydrolog. 209. Either the water was not taken up at that distance from the shore, or they evaporated it too much, and too strongly, by which means the marine acid, and even the salt itself, was, in great measure, volatilized.


  Pages tells us, that from sea water taken up in latitude 45° and 39 N. in the ocean, he obtained 4 per cent, of saline matter; and Beaumé analysed some taken up by Pages in lat. 34° and 14°, and found each to contain about 4 per cent, and in lat. 35° N. Pages found sea water to contain 3,75 per cent, and in latitude 10° 3,66; yet in lat. 4 it contained but 3,5 per cent, which agrees with Bladh's observations which I shall presently mention.


  In the southern latitudes Pages found the proportion of saline matter somewhat greater.


  [image: fig10]


  [78]


  In the Mediterranean, the proportion of saline matter is said to be much greater, namely, 1/16, a quantity almost incredible; Dr. Hales is said to have found it 1/17, this proportion, however, seems too small if the water was taken at a distance from the mouth of the great rivers [79].


  According to 2 Tournefort Voy. 410, the Euxine and Caspian seas are less salt than the ocean, and so also is the Baltic, as we shall presently see.


  The specific gravity of sea water taken up at different latitudes, has also been examined with great accuracy by Mr. Bladh, of whose observations I shall here give an extract; he reduced his experiments to the specific gravity the water would have at 200 of the Swed. Thermometer, that is, 68° of Fahr. and I have reduced them to that it would have at 62° of Fahr. supposing the dilatability of the salt water to be the same as that of distilled water, and in effect, Lambert found that even a saturate solution of common salt expanded between the temperatures of ice and boiling water only 1/1000 more than pure water, and the marine solutions being very weak must expand much less. The formula I followed is laid down in the first Volume of my Mineralogy. Bladh counts his longitude from Teneriffe.
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  As the higher specific gravity denotes the greater proportion of saline matter, hence he justly infers that in the Atlantic and Ethiopic oceans, the sea is charged with most salt near the tropics, and becomes less impregnated near the line from the quantity of rain that usually prevails there: we also see that the southern ocean is more salt than the northern, the reason of which probably is, that it is the original ocean in which all salt was at first contained, and by communication with which, the northern seas were salted, as shewn in Essay II.


  By Wilke's experiments [80] it appears, that the Baltic is much less salt than the Ocean, and that it is salter under a westerly than under an easterly wind; and still salter when a N.W. wind prevails. His experiments were made at 9º of the Swedish thermometer, or 48° Fahr. I have reduced them to the temperature of 62°.
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  Hence we clearly see, that the saltness of the Baltic proceeds from the western ocean, and also perceive the influence of storms.


  The correspondence betwixt the specific gravity of the sea water and its proportion of saline matter cannot be made out with much precision, as it contains two or three species of salts whose proportion to each other is variable, and Dr. Watson's table, the best standard for determining the proportion of salt, was formed only on solutions of common salt; yet as common salt is by far the most copious ingredient in sea water, and as the Doctor owns that his salt was not perfectly pure, it will be found to determine the proportion of saline matter very nearly in all the cases to which it reaches. It was formed at temperatures from 46° to 55°, hence I have supposed it at the medium of 50°, and calculated what the proportions relative to the present object should be at the temperature of 62º in the following table.
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  What degree of confidence we may repose in the indications concluded from Dr. Watson's experiments, may be discerned in the following instances.


  Brisson dissolved 2 oz. of the purest common salt in 16 oz. of distilled water, and found the specific gravity of the solution 1,0790 in the temperature of 14° of Reaumur, that is, 63°,5 of Fahr. this solution then contained 1/9 of its weight of salt; now by Doctor Watson's table, a solution containing 1/9 of salt has its specific gravity 1,074, and this being reduced to that which it would have at 62° is 1,0732; here then the difference is 6/1000, which I attribute to the superior gravity of pure salt. Again, Bergman found the specific gravity of sea water taken up in lat. 28° N. near the Canaries, 1,0289 in the temperature of 15° on the Swedish scale, equal 60° of Fahr. and he found the saline contents 1/24, and this specific gravity being reduced to the temperature of 62°, is 1,0286, and by the last table we see that Doctor Watson gives it 1,0283 at 62° of Fahr. as the common salt was here mixed with other salts, we see the agreement is nearer.


  It is true Lord Mulgrave found the specific gravity of sea water taken up at the back of Yarmouth sands, to be 1,0280 in the temperature of 53° Fahr. or 1,0273 at the temperature of 62°, and yet he found the saline contents only 1/32 nearly, whereas by Doctor Watson's table, either the specific gravity should be 1,023, or if this were rightly taken, which I believe it to have been, the saline contents should exceed 1/27. This difference I attribute to a fault in the conduct of the experiment, the evaporation having been either too quick, or too far pushed, or both together; either way much of the salt, and of the acid of the earthy salts, must have been lost. As to the species of salts found in sea water, they may be reduced according to the most exact experiments hitherto made, only to three, viz. common salt, muriated magnesia, and selenite, now and then a very small proportion of epsom salt, and of aerated lime has been discovered. Bergman in the sea water he examined and above mentioned, found 3,29 per cent, of common salt, 0,869 per cent, of muriated magnesia, and about ,001 of selenite, and the quantity of sea water he examined was about 5,52 English pints, wine measure. Monnet in sea water, taken up near Nantz, found 3,4 per cent, of common salt, nearly 1 per cent, of muriated magnesia, and about 0,0008 of selenite. In three other experiments made on sea water, taken up near Dunkirk, Dieppe, and Granville, he found the same salts, and also a minute proportion of epsom. Baume [81], who examined the sea waters taken up by Pages in lat. 34° and 14°, found each to contain 4 per cent, of common salt, 0,12 per cent, of selenite, and a small proportion of a salt, which he calls magnesia of common salt, and yet pretends that its basis burns to lime. This salt he did not weigh, but decomposed it by an alkali, and found its basis dried at 212°, to amount to about 0,4 per cent, but the quantity of neutral salt formed by its acid he does not notice. He also found 0,12 per cent, of selenite, and asserts, that the sea water contained also Glauber, but in so minute a proportion that he could discover none, not recollecting that his calcareous salt would decompose it if there had been any; it is possible, however, that such minute proportions might coexist without meeting each other. Neither Lavoisier's nor Monnet's experiments on the sea water near Dieppe, are much to be depended upon, as neither of them appear to have operated on genuine sea water, for, as already said, that water scarcely contained, or at least they extracted from it, scarcely 2 per cent, of saline matter, of which far the greater part was common salt, and the next most copious part was muriated magnesia, and next to that selenite. Both found an exceeding minute proportion of epsom, and Lavoisier says he found 0,08 per cent, of Glauber; but Monnet, though he operated on the same quantity of water, viz. 20 pints, or 40 pounds, found no Glauber. On examining these analyses, it is evident, that none of them, except Bergman's, were properly conducted.


  I omit the experiments made by persons unacquainted with the nature of magnesia, and am convinced that the experiments of all those who attribute less than 3,8 per cent, of saline matter, or 1/25, to genuine sea water taken up in the northern ocean, unless in particular circumstances, are faulty: the mean quantity seems to be 4 per cent, or 1/25 the extremes 1/24 and 1/26; the specific gravity of sea water containing is 1,0275 in the temperature of 62°; Brisson, it is true, found the specific gravity of sea water taken up in the bay of St. Brieux in Brittanny, to be only 1,0263 in the temperature of 63°,5 Fahr. which would be 1,0264 at the temperature of 62°. But as two small rivers empty themselves in that bay, and the water might have been taken up during the ebb, I look on this water to contain a mixture of fresh. Glauber's salt is said to have been found in the water of the Mediterranean. Mem. Par. 1763, p. 326, in 8vo. The epsom, extracted from the sea water at Harwich, Newcastle, Lymington, &c. is as to its acid part, artificial; the mother liquor of pyrites being added after the separation of the common salt. That the sea was originally much more salt than at present, will be shewn in the sequel.


  What was, or is, the primary cause of the saltness of the sea, has been the subject of much discussion, and yet not only that cause, but even the reason why the particular salts already mentioned, and no other, exist in it, and also that, of the proportion to each other in which they are found, seem to me not difficult to explain, but in order to do so we must recur to the principles laid down in Essay I.


  1°. That all substances incapable of farther analysis, must be deemed simple until future experiments teach us otherwise.


  2°. All simple substances must have been coeval with the creation, and have existed in the chaotic fluid, and, originally at least, in an uncombined state, the component parts of water alone excepted.


  Now both the acid, and also natron or soda, the basis of common salt, are simple substances in this sense, as we know of no process, either of art or of nature, by which either of them can either be decomposed or formed. That soda is not the product of vegetation appears by the experiments of Mr. Du Hamel. Mem. Par. 1767, as he found the quantity of soda in kali to decrease progressively in successive annual growths of the plant sown in lands distant from the sea. Both the acid and basis must therefore have originally existed, though in an uncombined state, in the chaotic fluid. Again, of all mineral acids, the most abundant are the marine and vitriolic; and of all bases to which they may unite, calcareous earth, natron, and magnesia, are those which are found in the greatest plenty: iron, it is true, is found perhaps as plentifully as any of them, but then its combinations with either of those acids would immediately be decomposed by any of the above-mentioned substances. Farther, it cannot be pretended that the vitriolic acid is an original substance; it is evidently formed of sulphur and pure air, and this air owed its extrication to volcanlc heat, as shewn in Essay I. therefore it could not have obtained as early a possession of the above-mentioned bases as the marine. This point is important, and may be proved in another manner: If the vitriolic and marine acids were coetaneous, they must have obtained a simultaneous possession of the bases to which they both have the strongest affinity, viz. natron and calcareous earth, and, as after possessing the natron, there was still a sufficiency of calcareous earth to saturate the residue of both of them, there should neither at first nor at present be any such thing in the sea as muriated magnesia, of which, however, it contains, as we have seen, nearly 1 per cent, but the sea would at first contain Glauber, common salt, and muriated and vitriolated lime, and soon after (as Glauber's salt and muriated lime decompose each other,) it would contain common salt and gypsum, and at last, as gypsum is decomposed by aerated magnesia, we should have in the sea at this day, common salt and epsom salt only, or at most only common salt, epsom and selenite, it being possible that there might not be enough of magnesia to decompose all the selenite at first formed; but still we should find no muriated magnesia, and epsom salt should be much more abundant than we find it, as it is still more soluble than common salt. Since, therefore, the sea does not contain these salts in the proportions just mentioned, but does exhibit a salt in a large proportion, which in the hypothesis of the coetaneity of the marine and vitriolic acids it could not contain, that hypothesis is plainly false [82]. On the contrary, if the marine acid be supposed to be more ancient than the vitriolic, (a supposition the truth of which has been proved,) then we shall all find the saline contents of the sea to be just such, and in the same proportion, as experiments prove them to exist in it at present; for if marine acid was more ancient than the vitriolic, then it possessed the natron and calcareous earth previously to the existence of the vitriolic; and as muriated lime is decomposed by aerated magnesia, we should have common salt and muriated magnesia, and also muriated lime, as the aerated magnesia cannot be supposed to have been sufficiently abundant to precipitate all the muriated lime after the existence of the vitriolic acid: as this acid was at first sulphureous, it could not decompose the common salt; but as there was a sufficiency, and even a superabundance of lime, or aerated lime, it is to this it would most easily unite, or if any of it were sufficiently oxygenated to decompose the common salt, the vitriolated natron and Glauber's salt, thus formed, would immediately be decomposed by the muriated lime, and thus the sea would at last, after the interval of some years, possess what it now exhibits, common salt, muriated magnesia, and selenite; the common salt in the greatest proportion, as it is the basis to which the marine acid has the greatest affinity; the muriated magnesia should be the next most abundant, as it was formed by the decomposition of the muriated lime; calcareous earth being the substance to which the marine acid unites most willingly after alkalies, and, consequently, originally muriated lime existed in great abundance [83]: besides, muriated magnesia is exceeding soluble: Selenite would, indeed, if we consider the quantity of it originally formed, be more abundant were it not for its sparing solubility, for 500 or 600 parts of water are required to dissolve one part of it, consequently it cannot be as abundant in sea water as the more soluble salts. Hence also we see why no traces of alum were ever discovered in the sea, though it is much more soluble than selenite, as acids unite to argil less willingly than to calcareous earth or magnesia, and, therefore, none was originally formed in the chaotic fluid.


  § 2. Of Common Salt in a solid Form, or Rock Salt.


  Rock salt is found in immense masses in each of the four great divisions of the globe. In Europe it is found in England, Spain, Austria, Stiria, Hungary, Transylvania, Poland, Swisserland, &c.


  The principal observations concerning it are,


  1°. That it is found mostly in strata, but sometimes, though rarely, in veins, as near the banks of the Ebro, Bowles, 374. and at Friedenberg in the Dutchy of Salsburgh. 3 Mem. Laus. 388. and sometimes it constitutes whole mountains.


  2°. The strata are parallel to each other, horizontal or undulating, commonly interlined with thin strata of clay, or gypsum; thus they are found in Hungary, Born Hungary, 140. 144. And in Austria and Transylvania. 1 Gerh. 144. In Permia and Siberia. Maquart 67. In Swisserland. 2 Mem. Laus. and Wild's Trails, and in some parts of Spain. Bowles, 376. The lowest strata are the thickest, the upper gradually thinner. Mem. Par. 1762, 1055, in 8vo. But sometimes these heterogeneities, instead of lying between the strata, are dispersed in the salt, as at Wilicksa, and in England. Maquart, 59.


  3°. That it is frequently mixed with bituminous clay, and sometimes with that and pyrites, as in the county of Salsburgh, Bavaria, Stiria, &c. 3 Mem. Laus. and 11 Ann. Chy. 66.


  4°. That it generally reposes on a bed of indurated clay. Born. 3 Decouv. Russes, 134.


  5°. That it is almost always accompanied with gypsum, either mixed with the strata that cover the salt, or forming one of those strata, or at least constituting hills or hillocks in the vicinity of salt mines; this has been observed in Upper Austria, Hungary, and Transylvania, by Born. Hungary, 144. or mixed with it. Ibid. 165. And in Spain by Bowles, 164. By Count Razomuski in Salsburgh. 3 Mem. Laus. 388, &c. By Guettard in the mine of Wilicksa in Poland. Mem. Par. 1762, p. 1055, in 8vo. By Pallas in that of Illetzki in Siberia. 3 Descouvertes Russes, p. 419.


  6°. Gypsum is also constantly found under the indurated clay on which salt rock reposes. 2 Mem. Laus. Part II. 7.


  7°. It is generally found among secondary strata, either in valleys, plains, or mountains, on the descent, or at the foot of, or surrounded by, primary mountains of granite, gneiss, primitive limestone, &c. At Arzew near Algiers, the salt pits are surrounded by mountains, in winter they are a lake, in summer solid. Shaw's Travels, 229. The salt mines of Wilieksa are in an elevated valley at the foot of the Carpathian mountains, and those of Salsburgh, Bavaria, Calabria, and Spain, are at the foot of mountains. Mem. Par. 1762, p. 1069, in 8vo.


  But it also exists in primeval mountains in Siberia, as salt lakes are found in them, per Pallas, 1 Born, Phy. Arbeit, 21, and in the desert primitive plain of Cobea. 1 Act. Petrop. 38. formed at the earliest period of the existence of the globe, when the sea was abundantly more salt than at present.


  8°. It is also found, though very rarely, at great heights, though never at the summit of a hill: it is said that the salt mine of Arbonne in Savoy, is nearly in the snowy region; more commonly at considerable depths. The mine of Torda in Hungary, lies at the depth of 36 feet, Born, 141. that of Wilieksa at the depth of 500. Mem. Par. 1762, 8vo. p. 1055. that of Durenbergat the depth of 1320 feet. 3 Mem. Laus. 290. Some others in Siberia are within a few feet of the surface. At Norwich at the depth of 120 feet. 3 Jars. 332. In some parts only 100. 2 Phil. Trans. abr. 523.


  9°. The strata that cover rock salt are mould, marl, clay more or less indurated, frequently coloured and bituminous, sand often micaceous, limestone, gypsum, sandstone with an argillaceous cement. At Pesackna in Hungary, the strata are mould, black spotted clay mixed with mica, micaceous sand, black strong smelling clay, under which the salt reposes. 1 Gerh. Gesch. xiii. So also the soil that surrounds and covers the mine of Illetski in Liberia is sandy. 1 Herman, 38, 39, &c. 3 Descouv. Russes, 134. Near Mingranilla in the province of Valentia in Spain, there are hillocks of salt covered with gypsum. Bowles from several adjacent circumstances concludes, with great probability, that the gypsum was originally covered with limestone to the height of 800 feet, which was washed off by ancient inundations. The whole is on a descent, for you descend to arrive at the hillocks. Spain, 164. 166. At Wilicksa the strata are sand, clay or marl slate, limestone: even when limestone does not form one of the strata, it is at least found in the neighbourhood, or surrounding the salt mine. At Norwich the strata that cover the salt are sand and indurated (perhaps bituminated) clay or shale. 3 Jars. 332. At Torda, in Hungary, the upper stratum is also indurated clay; at Mingranilla, gypsum.


  10°. Marine remains have frequently been detected in the strata that cover rock salt; thus at Wilieksa, sea shells are found in the clay that forms one of the strata that cover it. Mem. Par. 1762, p. 1055, in 8vo. and the bones of land animals. 8 Lempe Mag. 47. nay madrepores and bivalves are found in the salt. Maquart 51. 16 Roz. 463. the concomitant limestone also contains marine petrifactions.


  11°. Many mountains entirely consisting of salt have been discovered. The salt mountain of Cordona in Valentia, is from 4 to 500 feet high, and about three miles in circumference. Bowles 406. Fortis mentions several in Calabria, attended with some of gypsum, several in the states of Algiers and Tunis are mentioned by Shaw, p. 229. and another in the province of Astrachan. 3 Buff. Min. 8vo. p. 371. the salt in this, however, contains a mixture of foreign ingredients, the nature of which has not been accurately determined. The salt of the mountain Jibbel Hadiffa is of a purplish colour and bitter, but whether the bitterness proceeds from glauber, or muriated lime, or magnesia, or some two of them, is not known, but that it proceeds from one or other of them is certain, as this bitterness is easily mashed out. In the province of Yakoutz, in Siberia, near the river Kaptindei there is a mountain of salt 180 feet high, and 120 in length, but at 2/3 of its height it is covered with a stratum of red clay, which reaches to its summit. 1 Gmelin Voy. 342, cited by Maquart, 82.


  Patrin suspects that many granitic mountains contain salt, which, he thinks, has been the cause of the destruction of many of them, and at this day promotes the decomposition of many that still exist; hence he derives the salineferous, sandy plains of Siberia. 4 New Nord. Betyr, 167, 174. but it more commonly, at least, proceeds from salt springs beneath the sand. See 1 Herman Uber die Uralisch. Erze Gebirge, 36.


  12°. Rock salt is of various colours; white, red, orange, purple, blue, and green; the white contains argil, and muriated magnesia, rarely gypsum and muriated lime; the red and orange contain gypsum and glauber; the blue manganese, and the green copper, per Hassenfraz, 11 An. Chy. 74. these colours are, however, sometimes optical illusions.


  13°. The quantity or mass of salt already discovered in many mines is enormous. The mine of Torda is from 30 to 40 fathom thick, its form, where worked, circular, and its diameter 14 fathoms; that of Coloser has its thickness 60 fathoms, and its diameter 50. Born. Hungary, 140, 143. to say nothing of the parts not yet worked. The mine of Karaulnaia Gora, in Siberia, is 60 fathom long, 9 or 10 broad, its depth, as yet unknown, it having been worked only to the depth of 3 feet. 3 Descouv. Russes, 145. The famous mine of Wilicksa, in Poland, is, according to Mr. Coxe, 6691 feet long, 1115 broad, and 743 deep, as far as its extent is known. 1 Coxe, 197. The stratum of rock salt at Norwich, in Cheshire, is 50 feet thick. Dundonald on the Salt Manufacture, p. 2. Add to this, the salt mountains I have just mentioned, and the vast quantities of salt yearly extracted in different parts of the world from salt springs, and salt lakes, almost all of which flow from masses of rock salt.


  On weighing the various circumstances just mentioned, it must appear very evident that rock salt derives its origin from the sea, and that the spaces which it now occupies were originally vast hollows successively filled with sea water at distant intervals during the period of the diminution of the level of the sea, to nearly its present height, that is, antecedently to the general deluge. Its division into strata; the parallelism of these strata; their horizontally, where the level of the basis would allow of it; the undulations observed on its surface; the marine shells found, not only in the strata that cover it, but even between those of the salt itself; the thin beds of argil, and particularly those of gypsum, intercepted very frequently between its strata; all bespeak a marine origin, and its inland situation, and the great heights at which it is sometimes found, prove its deposition to have happened during the retreat of the sea.


  To form a just idea of the mode of its formation, we must observe, that the sea originally contained much more saline matter than at present, for it is now deprived of those vast saline masses that exist in every quarter of the globe, as shewn in the 12th observation, which originally had existed in the chaotic fluid; it is therefore not a harsh conclusion, that it originally contained twice more saline matter, than it at present does, and since at present, it contains about 1/26 of its weight at a medium, that originally it contained 1/13 part of its weight of salt. This being premised, we may suppose the hollows that form its present mines, to have been originally filled by the sea, and afterwards abandoned for some time after its retreat. In this interval the aqueous part would naturally evaporate, and form a bed of saline matter, but at the return of a spring tide these hollows would again be filled; the clayey particles would subside before this second portion of water could be evaporated; and the gypsum would also be deposited long before the crystallization of the salt; and thus the beds of clay and gypsum intercepted between the strata, according to the second observation, would be formed. Hence it would necessarily follow, that the lowest stratum of salt should be the thickest, for in proportion as the cavity was filled with deposited salt, in the same proportion its capacity for containing sea water was diminished, and consequently the succeeding strata were progressively thinner. It may be asked, why all hollows and cavities did not equally become salt mines, since the sea water during its retreat must have equally filled all of them? The answer is easy: those cavities could only become salt mines, whose bottom and sides contained sufficiently dense strata of clay, particularly bituminated clay, these alone could detain the sea water, and prevent its percolation; hence as strata of argil are very rare in primitive mountains, the hollows of primitive mountains, except in a few rare instances, contain none. Hence also gypseous mountains, hills, or hillocks, are frequently found without salt; the salt is never found without gypsum, unless the gypsum were washed off by subsequent inundations, for as gypsum requires a large portion of water for its solution, it would be deposited long before the water could either evaporate or run off, and therefore did not require that the sea should be restrained by clay, or bituminated clay; both the time and the evaporation requisite to its deposition is 100 times smaller than requisite for the deposition of common salt. The various strata that at present cover the mines of rock salt, proceed from the disintegration and decomposition of the primitive mountains, at whose feet they lie, after the retreat of the sea; hence, not only sea shells, but the bones of land animals, are sometimes found in them, according to the 10th observation. With respect to the mountains of salt mentioned in the 11th observation, there is great reason to think that they were also originally formed in vast cavities, but that the earthy and stony substances that formed these cavities were carried off by subsequent inundations; it deserves to be remarked, that these mountains have been observed only in countries bordering on the Mediterranean and Caspian, namely in the province of Valentia, in Spain; near Algiers, in Africa; in Calabria; and in the province of Astrachan. Now it is well known, that both these seas had once ravaged all the neighbouring countries with irresistible violence, and probably diminished, though not destroyed, the saline mountains. Hence no hillock of gypsum, or any trace of it, is found near the salt mountain of Cordona, and Bowles expressly tells us that the salt mine of Mingranilla was once covered with earth and stone to the height of 800 feet, though at present it is only covered with a slight stratum of gypsum, all the superior earthy and stony matter having been swept away by floods. Spain 164, 166. The great and cautious geologist Saussure observed in various instances, indications of the destruction of mountains by inundations. 2 Sauss. 127. 5 Sauss. 441. 6 Sauss. 91, 154, 244. that near the Kaptindei, in Siberia had evidently its sides torn off by an ancient inundation. Some may perhaps imagine, that if salt mines were formed before the universal deluge, their salt should be dissolved in that immense mass of waters; to these I would observe, that the salt mountain of Cordona has been exposed to rain ever since the deluge, and even washed by a river, and yet it still subsists; the other saline mountains above mentioned must also have withstood innumerable floods of rain, such as generally fall in hot countries, for salt, though when pulverised and agitated it be soluble in three times its weight of water, and in a short time, yet when in large masses and at rest, requires a very considerable space of time to dissolve it, even in ten times its weight of water; thus Bergman found salt kept in agitation, soluble in 10 times its weight of water in one minute, but when at rest the same quantity of salt (only 4 drams) required 34 hours for its solution. 5 Berg. 114. In Transylvania a rivulet of fresh water flows over a stratum of salt without any contamination of salt, being preserved from it by a stratum of earth which it deposits. Wild, sur les Salines de Bex, 120. See also 2 Descouv. Russes, 34. In many instances, bitumen flowing from the neighbouring mountains, must have entered into these cavities when filled with sea water, and during its evaporation; this mixing with the clay already contained in the water, or that accompanied the bitumen, must have enveloped the salt, and prevented its regular crystallization, and after the bitumen had flowed out, the inspissated saline mass must, by superincumbent pressure, have been forced into the veins through which the bitumen had flowed, and thus the salt veins in the mountains of Salsburgh, Bavaria, &c. may have originated.


  Among the many fanciful hypotheses of Mr. Buffon to explain the origin of minerals, no instance occurs in which the powers of his imagination have proved so evidently insufficient to impose even upon himself, as in his attempt to explain the origin of sea salt. This we must infer from the glaring contradictions into which he fails.


  In the first volume of the supplement to his Natural History [84], he tells us, that acids and alkalies should rather be considered as products of art, than as natural substances, but in the third volume of his Mineralogy (a subsequent work) he tells us, the sea was originally acidulous, and acquired its alkali only from the destruction of organized substances [85]. Before we advance further, let us examine this position; these organised substances must be either of the animal or vegetable tribe. Now no marine animals could live in the sea before it became salt no more than they now can in fresh water, and still less in acidulous water; it was not therefore from any alkali resulting from the destruction of these, that it became salt, nor, indeed, are fish known to contain any; neither could it derive its salt from the destruction of vegetables, for the kali and other vegetables that contain the basis of sea salt, acquire it from the sea, and contain none when at a distance from it; but his embarrassment does not end here. According to him, 1 Epoques, p. 132. Anno Mundi, 30 or 35000, the globe was sufficiently cooled to permit the condensation of the watery vapours that surrounded it; the sea was thus formed, it covered the earth to the height of 13000 feet, and nothing but the summit of some few mountains surpassed it. Yet at this period, ha says, the sea began to be peopled with shell and other fish, with which no species at present known exactly corresponds, as cornua ammonis, &c. of a prodigious size, and these subsisted from anno mundi 30 or 35000 to anno mundi 40 or 45000, when the sea, which at first was too hot for our present race of fish, became too cold for those ancient species. Here he seems to have forgotten the origin of salt; for if these fish existed when the sea covered the whole earth to the height of 13000 feet, where could the vegetables have grown from whole destruction the acidulous sea, he says, acquired the basis of common salt? He has even deprived himself of the resource of deriving this basis from kali, or any known vegetable, for he tells us, that the earth was at this period too hot to bear any known species of vegetables [86]. He even asserts that fish and vegetables originated at the same time. How then could the sea have acquired the salt necessary for the existence of fish? even if the Andes, Mont Blanc, the Tartarian mountains, and a few others rising above 13000 feet, did bear kali or some other imaginary alkaliferous vegetables, How could the sea acquire this alkali, since, according to him, it never covered them? and if it had, How many millions of years would be requisite for the production of so much as enters into the composition of all the salt now in the sea, and in the earth? The vast size of the most ancient species of fish he ascribes to the great heat which he gratuitously supposes the sea to have originally possessed, whereas it may, with greater probability, be attributed to the greater quantity of salt and calcareous matter, as selenite, originally contained in it; in this respect, at least, it is certain that the ancient sea differed from the present. No other geologist has attempted to account for the origin of the alkaline part of sea salt; none, except Mr. De Luc, has felt the importance of searching into the origin of the saline mass at present contained in the sea [87]; Dr. Halley imagined that the saltness of the sea proceeds from the quantities daily carried into it by rivers, and, consequently, that it constantly increases, but if they anciently conveyed into it no more than they do at present, an innumerable series of ages would have been requisite to render it as salt as it now is. Surely no river can convey into it as much as the river Cardonero, which washes a mountain of salt, and yet at the distance of nine miles from the mountain not a particle of salt can be discovered in its water, and Bowles, who remarks this peculiarity, affirms he made a number of experiments on the water of rivers at their mouths, and never could discover any, though sometimes he had elsewhere detected 1/1000 part of salt. Spain, 407. 409. we must, therefore, suppose, as he was not ignorant of chymistry, that he used the great test of marine acid, the solution of nitrated silver; this discovers 1 grain of salt in 43000 grains of water, and if a river washing a mountain of salt does not carry off 1/43000 part in so warm a climate as that of Spain, How little can other rivers contain not placed in such favourable circumstances? How few pass through any strata of the earth containing salt? How few, therefore, can we suppose to contain it in any proportion ever so minute? Dr. Rotheram found that Thames water, taken up at Billingsgate, impregnated, as it may be supposed to be, with sea salt from the quantity used in London, and washed into it by various drains, does not contain 1/1000 part of salt. 2 Watson's Essays, p. 99, 100.


  Of Salt Springs and Lakes.


  Geologists, in general, have paid but little attention to salt springs and lakes; they have supposed their contents to be the same as those of the sea, though in fact they are very different either with respect to the species of salt they contain, or their proportion, or both; this will appear from the few instances I shall adduce out of many; for salt springs, in particular, are much more numerous than the known mines of rock salt: there are many in England, as in Cheshire, Worcestershire, Staffordshire, Hampshire, &c. Several in France, Swisserland, Stiria, Siberia, &c. Germany alone is said to afford upwards of three hundred [88]. Hungary and Siberia abound in salt lakes.


  The circumstances accompanying salt springs are much the same as those attendant on rock salt; these springs are found issuing chiefly from secondary strata, and the hills they proceed from are frequently gypseous, or at least contain that substance; they are often surrounded by limestone strata, and these generally cover indurated clay. Sometimes they issue from gypsum, as at Frankenberg. Charp. Saxony, 377, Sometimes from indurated clay; sometimes from limestone or marl, rarely from sandstone. 2 Mem. Laus. Part II. 8. Descript. Pyrenees, 25. Sometimes they lie very deep, and are covered with various strata; thus at Altkosen, they lie at the depth of 575 feet; the uppermost stratum is clay 5 Saxon fathom thick; the next bluish grey stone-marl 24 fathom, under this is a brownish red loose marl 10 fathom, in which are some thin widely separated strata of gypsum; this is succeeded by 41 fathom of lamellar gypsum, with a few interrupted strata of clay, and, lastly, 2,5 fathom of pure lamellar gypsum, under which the salt water is found, Charp. 377. Sometimes they burst forth from very elevated situations, as those of Spain. Descript. Pyren. 25. At Shonebach, salt springs were discovered at the depth of 240 feet; at Dorrenberg, at the depth of 720. 1 Gerh. Gesch. 134. The saliniferous hill Konigshorn in Westphalia, consists of marly limestone reposing on semiprotolite; in the adjacent plains there are several salt springs. 1 Klaproth, 356. The salt spring of Pyrmont issues from a reddish iron shot micaceous sandstone; it lies deep, and is raised by a pump. 1 Westr. Abhandl. 281. Some have said that salt springs are never found above rock salt, but always lower. 2 Mem. Laus. Part II. p. II. the contrary, however, has been observed in England, for salt springs were discovered both above and below the level of the Norwich bed of rock salt, the upper being impregnated by resting on the bed of salt, and the lower by running from it. 2 Watson, 39.


  Most of the salt springs in Germany, Salsburgh, Stiria, and Swisserland, particularly the famous springs of Aigle in the Canton of Berne, are thought to proceed from salt dispersed through, or involved in bituminous indurated clay or gypsum.


  Salt springs are frequently discovered by the vegetables that grow near them, and which are peculiar to saline soils, as Triglochin Maritimum, Salicornia, Salsolakali, Astertripolium, Glaux Maritima, &c.


  In Siberia salt springs have been found in valleys betwixt hills of jasper, 3 Descouvertes Russes, 161, and those of Navarre issue from primitive limestone. Descript. Pyren. 25, 26. hence they are not strangers to primitive mountains.


  Klaproth analysed several of the salt springs of Konigshorn in Westphalia, he found them [89] all to contain, besides common salt, from 1/325 to 1/725 of muriated lime, a smaller proportion of selenite, but only 1/14500 of muriated magnesia, the proportion of common salt was only 1/18 at most; though these springs flow through marl, yet as aerated lime does not decompose muriated magnesia, the almost entire absence of this salt cannot be derived from that cause; the rock salt therefore, from whence this spring flows, must have been deposited before the muriated calx originally contained in the sea had been decomposed by aerated magnesia.


  Westrumb analysed the salt springs of Pyrmont, and found them to contain, besides common salt, also muriated magnesia, and a very minute proportion of Glauber, and selenite; but in the old spring of Luneburgh, he found a much larger proportion of these salts; for 100 parts of this brine, by his analysis, contained 25 of common salt, 0,2 nearly of muriated magnesia, and somewhat less of Glauber and selenite.


  Hellot analysed the salt springs of Montmorot in the year 1760, a period at which the nature of magnesia was not known in France; besides common salt he found in them both Glauber, selenite, and muriated (magnesia) deliquescent salts, with some particles of bitumen. Mem. Par. 1762, 546, in 8vo.


  The quantity of salt yearly extracted from salt springs is astonishing, as the few instances I shall now mention abundantly shew; a single pit at Norwich yields at an average, 4000 ton, or 80000000 pounds. 2 Watson, 41. the springs at Koningshorn, in Westphalia, 11850511 pounds. 1 Klaproth, 359. the old salt spring of Luneburg yields 75600 gallons of brine in 24 hours, and computing the gallon to weigh 8 lb, (and it must be more) it yields 604800 lb. of brine, of which 1/4 is saline matter, almost entirely common salt, equal 151200 lb. or above 55 million yearly. 1 Westr. Abhandl. 295. What then must be the yield of all the other known springs in different parts of the world, and how immense the quantity of common salt?


  Of Salt Lakes.


  Salt lakes are evidently the result of the accumulation of the streams of salt springs; they are found principally in Siberia and the Crimea, some also in Russia, and many in Africa, often on the summit of mountains [90].


  On the mountain of Tschernayer, one of those that form the chain of Inderski, there is a salt lake environed by hillocks of gypsum, and its bottom is clay; the salt frequently crystallizes in the shallow parts into a solid cake by reason of the evaporation during the summer, for it is supplied by subterraneous salt springs. Pallas 3 Descouv. Russes, 419, 430. that of Busskunzatzkoi on the banks of the Volga is about 30 miles in circumference. 2 Descouv. Russes, 34. Gmelin mentions another called Jamicha, whose water is saturated with salt. Voy. p. 100. all have gypsum in their vicinity. Maquart 84. 3 Descouv. Russes, 31. Near Schaskojam, in Russia, there are three salt lakes supplied by salt springs. 1 Descouv. Russes, 45, 46. In the neighbourhood of Astrachan there are several salt marshes. 3 Descouv. Russes, 85. the Caspian itself may be regarded as a vast salt lake, receiving its salt from the neighbouring springs, 3 Descouv. Russes, 80. it contains rather more of glauber than of common salt. Ibid, 85. The lake Asphalt, otherwise called the dead sea, contains more saline matter than any other known lake or water; Lavoisier found it to contain 44 per cent, that is 6 of common salt and 38 of a mixture of muriated magnesia and muriated lime; he found its specific gravity 1,24061, but in what temperature he does not tell, probably at 10° of Ream, Mem. Par. 1778, p. 69, 71. Brisson at the temperature of 63,5 of Fahr. found it 1,2403. Gravités Specif, 399.


  No exact analysis has been given of the waters of any other lake; but from the existence of Glauber's salt, and muriated lime in several of them, it is plain that their composition is very different from that of the ocean. The Glauber found in the Mediterranean, and in the waters of Peccais that communicate with it [91], is easily accounted for, it being the product of the numerous volcanoes that actually exist in its islands, or vicinity. 3 Bergm. 268. but in the neighbourhood of several salt springs and salt lakes the existence of volcanos has not even been suspected, its origin must therefore, be deduced from other causes. With respect to the Caspian, these are not difficultly traced; this sea washes the feet of several mountains containing pyrites and other sulphurated ores [92]; these in a state of oxygenation either fall or are washed into it, and thus, much of the common salt must in a course of ages have been decomposed; the traces of such accidents still exist, as vitriols have been discovered buried in the ancient sandy bed of that sea [93]. In other cases the Glauber might have arisen from a mixture of native sulphur, or pyrites and common salt; that pyrites frequently penetrate or shoot through various stones of all the genera, is well known; by long exposure to the air and moisture they are at last vitriolized, and their acid preys on any basis to which it has an affinity. Thus Werner in an old mine at Scharfenberg found selenitic crystals in the rifts of a heap of granite dug out of a mine 200 years before, and in that part only of the granite which had withered by exposure to the air, and, consequently, the crystals were of recent formation: the matrix of the mine was a calcareous spar, and pyrites still exist in it, hence the origin of the vitriolic acid is evident. 2 Biblioth. du Nord. 73, 77.


  Again, in a cavern near Hildesheim, one side of which is formed of red argillite, and the other of bituminous marlite, with which it is also vaulted, and the whole covered by limestone, Glauber is found crystallized in the argillite; as there are salt mines near Hildesheim, it is probable that some existed in the argillite; the marlite also frequently contains native sulphur, and thus the existence of the vitriolic acid cannot be ambiguous, per Hofmeister, 1 Chy. Ann. 1790, 46. The Glauber thus formed is itself frequently decomposed, and the natron which formed its basis set free, or at least left in a hepatic state; this decomposition arises from a mixture of petrol or bitumen, which, in a long course of time, gradually deoxygenates the vitriolic acid, and leaves it in the state of sulphur. Thus in the territory of Debrezin near the lake Bogod in Hungary, natron is found in a state of efflorescence, but mixed with a greasy substance, and some proportion of Glauber, Mem. Berl. 1770, 13. 16, 17, and in the neighbouring lakes of Derctske and Soboslo nothing but Glauber is found. 2 Chy. Ann. 1795, 126. In the neighbourhood of the lakes, Glauber is found mixed with petrol, and frequently in the state of a hepar, see Pazmand's Treatise in Vol. I. of Wasserberg's Dissertations, p. 417. On the coast of the sea of Azof there are salt marshes, but the salt is mixed with sulphur, and hence the salt is often in an hepatic state. 1 Bergbau, 301. From these hepars the sulphur may gradually be chased by fixed air, and thus the alkali set free from it. Patrin also found liver of sulphur in some salt lakes of Siberia. 4 Nev. Nord. Beytr. 196. In other places, however, the decomposition of common salt cannot be attributed to vitriolic acid: thus natron is found in vast quantities in India, in pits by the sea side, mixed with a considerable proportion of brown ferruginous earth. Trans. of the Society of Arts and Manufactures for 1788, Vol. VI. Mr. Keir examined some parts of this natron which had been refined, and found it to contain 58,8 per cent, of mild alkali, 17,2 of common salt, and only 24 of water, the unrefined contained 1 per cent, of the earth, which passes through the filter, impedes the crystallization, and alters the shape of the crystal, (in this respect it resembles the imperfect alkali mentioned by 3 Bergm. 268), Here, as no trace of the vitriolic acid is found, I attribute the decomposition of the common salt to the ferruginous clay, which in a hot climate may in a long course of time decompose it, for in a strong heat clay is known to possess this power, particularly if ferruginous, and what a strong heat may effect in a short time, a weaker heat may effect in a long time; hence, as Mr. Bergman observes, the natron found in the earth, both in India and Africa, is free from common salt at the surface, but becomes contaminated by it so much the more, as it descends deeper [94].


  ESSAY IX. ON METALLIC MINES.


  To treat this subject as amply as even the present state of our knowledge concerning them would admit, is not my intention; such a treatise would require an entire volume: my purpose is singly to give a general idea of their formation in the different states in which they are known to exist; and of the sort of mineral soil, if I may so call it, or country in which particular kinds of them are most generally situated.


  Most metals (under which name I here, comprehend also semimetals) are found in four states, native, sulphurated, calciform, or saliniform.


  


  § 1. Of Native Metals.


  The metallic substances most commonly found in a native state, are gold, silver, platina, mercury, copper, bismuth, nickel, and arsenic, more rarely iron, antimony, tin, and lead.


  Originally, it is probable, all metals existed in the chaotic fluid perfect and uncontaminated, as also in a minuter state of division than any earthy substance, and all (except iron) in a much smaller quantity; this minuter state of division I infer from their greater divisibility at this day, for a minuter quantity of a metallic substance dissolved in any menstruum may be detected by appropriated precipitants than of any earth: their high specific gravity seems to proceed from a closer union, and, consequently, a minuter division of their integrant particles; their distance from each other, (arising from the smallness of their quantity,) prevented them from uniting with each other as readily as the earths; the minuteness of their division kept them long suspended, and with the earths none of them could combine for want of affinity, while in their metallic state; this state, however, after the extrication of the oxygen, could not long continue.


  The crystallized state in which they are often found, is also a full proof of their minute division and of their ancient solubility in water; if it were by any acid their solution was effected, as some have imagined, that acid would still be found in those crystals. The various ramifications which they exhibit when diffused through stony substances proceed from the distribution of the rifts which they fill up.


  Native Gold


  Of all metals gold is most frequently found native. According to Bergman, it is more universally diffused than any other metal, except iron; this may be a consequence of its great divisibility and want of affinity to other substances, as oxygen, sulphur, &c. hence at the emersion of primeval mountains, it remained entangled or dispersed through the stony masses of many of them wherever these were permeable to water; the golden particles were, however, in a course of ages, washed and carried down in minute rills into the neighbouring plains, until arrested by some obstacle long enough to suffer the gold to deposit; these minute particles being thus brought into contact in the minutest state of division, united with each other by virtue of their integrant affinity, sometimes involving sandy particles, and thus formed those shapeless masses, of various sizes, which are sometimes met with in various countries, and lately in the county of Wicklow; that these lumps were never in fusion is evident from their low specific gravity, and the grains of sand found in the midst of them. I found the specific gravity of a lump found in the county of Wicklow, of the size of a nutmeg, to be only 12,800, whereas after fusion it was 18,700, and minute grains of sand appeared on its surface. Hence many rivers were anciently auriferous, which now cease to be so; as the Tagus, Po, Pactolus. Heber. Pliny lib. xxxiii, cap. 4. and though in France some are still auriferous, yet it appears, by the testimony of Diodorus, that they were much more abundantly so in former ages [95]. Hence also native gold is seldom alloyed with any metal, except silver or copper, to which it has the greatest affinity, and which are also least liable to a combination with sulphur or acids.


  It is oftener found in iron ores than in any other, because these are far more universal and abundant than any other, particularly in a more or less indurated and brittle, brown or reddish brown iron stone; though originally it was deposited in primeval mountains, yet from them by subsequent operations of nature it has frequently been deposited in secondary masses, yet still it is most frequently found in quartz, felspar, &c. sometimes in gypsum, baroselenite, &c [96].


  Native Silver.


  Silver, in proportion to the quantity of it that exists, is much more seldom found native than gold, by reason of its affinity to sulphur; it was deposited in the same manner as gold, and its crystallization proves it was once in a dissolved state. The metals it is most commonly alloyed with, and to which it has the greatest affinity, are copper, and antimony, in the absence of lead, mercury, tin, and bismuth. The stony substances it affects most are quartz, baroselenite, calcareous spar, fluors, siderocalcite, more rarely hornstone, flints, agates, asbestus, steatites, and phosphorite. It is rarely and only in minute quantities in secondary mountains. Lehm. flotz. Gesch. 510.


  Native Copper.


  In proportion to the quantity of copper in other states, native copper is still rarer than native silver, though there is scarce any mine in which some quantity of it has not been detected; it is more frequent in Siberia than elsewhere. It is seldom absolutely free from sulphur. The stony substances it affects most are quartz, baroselenite, sometimes zeolyte, fluors, and gneiss. It is frequently accompanied with red iron ochre, red copper ore and malachite. Its affinity to sulphur, sufficiently accounts for its scarcity. It is sometimes found in secondary mountains. Lehm. flotz, 210.


  Native Iron.


  This is still scarcer than the foregoing, as it is easily oxygenated and sulphurated. The vast masses found in Siberia and Peru, seem to have originally been agglutinated by petrol, and left bare, when the surrounding earthy or stony masses either withered or were washed off.


  Native Bismuth.


  Generally found with ores of grey or bright white cobalt ores.


  Native Arsenic (See post Arsenic Pyrites).


  Found only in the veins of primeval mountains (Emmerling) Lehm. flotz, 126. so also Mispickel. Lehm. Ibid, accompanied by red silver ore, or galena, orpiment, sulphurated cobalt, sulphurated nickel, sparry iron ore, grey copper ore, sulphur and copper pyrites.


  Native Mercury.


  In clay in secondary mountains. Lehm. flotz, 214.


  Of Sulphurated Ores


  The formation of sulphurated ores was formerly considered as scarcely explicable, sulphur being supposed insoluble in water; hence many imagined, that deposited at Aix la Chapelle, and other hot springs, not to have existed in the waters, but to have been formed out of them; Bergman, however, removed this difficulty, and has shewn that hepatic air is really contained in such springs; my own experiments have shewn that distilled water takes up 2/3 of its bulk of this air, and consequently that a cubic foot of water may well contain 1152 cubic inches of this air, which are equal to 374 grains of sulphur; now water takes up sulphur when in an aerial state, for no other reason, surely, but because when in that state it is most minutely divided; therefore originally, when sulphur was in the minutest state of division it was equally soluble in water, and still continues to be so when in the same circumstances. Hahneman found that 1000 grs. of cold water would take up 2,3 of sulphur when this was in the state of hepatic air. § 67 in note. Again, metallic substances are soluble in water various ways; thus calx of lead is soluble in alkali, and lime, and precipitable therefrom by hepatic air. 1 An. Chy. 53. and is more attracted by lime than by other earths. Ibid, and hence lead mines are often found in limestone; so also mercurial calces are soluble in lime water. Ibid, 61. Even the perfect metals when sufficiently divided are soluble in water; thus Cronstedt has shewn that silver is taken up by water, and deposited on the surface of rifts in Christiana Pit, in Norway. 17 Mem. Stock, 272. Mercury is also in some degree soluble in water, for water that has long boiled over it gains an anthelmintic power; so also is regulus of arsenic, for water takes up 1/1100 part of it, as Hahneman has shewn. Uber die Arsen. Vergift. § 28. and the solubility or suspendibility, (as some may choose to call it,) in mere water may be affirmed of all other substances when sufficiently divided, for they differ only in degree; when therefore water impregnated with sulphur meets with that charged with any metal, it precipitates with and unites to that (gold and platina excepted;) the sulphurated metal thus precipitated in the state of the minutest division, is itself soluble in water, as may be proved in many instances. Baron Trebra found pieces of wood that had been left 200 years in an old mine covered with calcareous spar, black or vitreous silver ore and red silver ore, both of which are sulphurated. 1 Chy. An. 1786, 77. Brinkman found copper pyrites newly formed in a heap of the refuse of copper pyrites which had anciently been roasted, and out of which the copper had been extracted. 1 An. Chy. 1785, 264. Three circumstances have contributed to deceive those mineralogists and geologists that have denied the solubility of sulphur, metals and sulphurated, ores; the first is that after boiling perhaps a few grains of those substances in perhaps 1000 times their weight of water, they could not after long boiling, find any perceptible loss of weight in them, not considering that their scales could not discover a loss of 1/1000 of part a grain, which perhaps was all that 1000 parts water could dissolve. The second is, that having pulverised them as minutely as could be effected by art, they thought them sufficiently so, whereas they should perhaps be divided into parts equal to the millionth part of a grain. The third, that they did not consider that recent precipitates are much more soluble than those whose constituent or integrant parts have been united for a considerable time. Thus Hahneman found that common orpiment requires 5000 times its weight of water to dissolve it; but that recently formed by precipitation with hepatic air, required only 1000 times its weight of water, though it contained a much larger proportion of sulphur than common orpiment. Uber Vergift. § 34. Arsenico sulphurated waters have been detected in Cornwall. 6 Phil. Trans. abr. Part II. p. 186, 187. and antimony has been found in a state of solution in the mine of Santa Cruz de Mudela in Spain. Bowles, 26. Beauman also found the walls of an old mine at Munsterappel smeared with native cinnabar that had transuded. Berolding, 174. 179.


  Mountains, as shewn in Essay I. were formed by a more or less perfect crystallization; those least perfectly crystallised thus far resembled those formed by mere deposition, that after a certain degree of desiccation their masses were capable of a much closer approach to each other, or of what builders commonly call settlement. From such settlement cracks and rifts must have ensued, many also may have proceeded from earthquakes, see Advers. N. 162. These rifts originating from the formation of the strata themselves, and not from the relation or position of the strata with respect to each other, must have pervaded and crossed them in various directions, such rifts are called veins. To these as to a lower point the waters still remaining in the minute interstices of the stony masses must have faced, slowly conveying all the particles which remained uncombined with the stony masses, as being superfluous to their formation, or for want of affinity, and yet sufficiently comminuted to be soluble in water. Of these, the most soluble were first carried off, namely, the earthy, and being deposited on the surfaces of the rift, formed, what are called, the veinstones. Subsequent infiltrations gradually carried into them the less soluble particles, namely, the metallic; in some cases, however, the metallic particles seem to have been first deposited, probably because the earthy were far more distant. With respect to sulphurated metals in particular, whether they were conveyed in their sulphurated state, or whether these rifts were at first stored with hepatized water, by which the metallic solutions were gradually precipitated as soon as they arrived; or whether, on the contrary, the rifts were first filled with metallic solutions, and the metals gradually precipitated by the access of hepatized water, I shall not pretend to decide; probably each case might have taken place according to the various circumstances that might have occurred; sulphurated streams are even now found in the mines of Cornwall, 6 Phil. Trans. abr. Part II. 185, and fraught with earthy matter, and that sulphur and vitriolic acid may be found in granite, see 2, Sauss. 300.


  The crystallization observable in these veins both of stony and metallic, or sulphurated metallic substances, was the consequence in the one case of the diminution of the watery menstruum, and in the other of flow precipitation. The waters were slowly diminished, partly by evaporation, which Baron Trebra has shewn to take place in the interior of mountains [97], and partly by slow dribbling through the minuter rifts of the bottom of the veins. Where such rifts do not occur, the waters deposited their contents between the strata of which the mountains consist. Hence we see why metallic veins seldom occur in granitic mountains, or those of jasper and the harder stones, as their texture is too close to permit the percolation of water, at least in sufficient plenty, and because their rifts were previously occupied and filled with stony masses, as being more soluble, and therefore soonest conveyed into them; thus silex sufficiently comminuted, is soluble in about 1000 times its weight of water, or even less [98]; whereas metallic substances require much more; but if the granitic stones are in a state of decomposition, as in the lower mountains they often are in Cornwall, &c. there they may be metalliferous. On the other hand, gneiss, and shistose mica, argillaceous porphyry, and argillites, being much softer, are the principal abodes of metallic ores.


  In Saxony tin ore is found between the layers of granite. 1 Lempe Mag. 103. 106. For a farther account of veins, I must refer to Werner's and Gerhard's celebrated Treatises, as they are not the direct object of this Essay.


  The formation of entire strata of sulphurated ores seems more difficult to explain on the principles here stated, as they occupy spaces not previously empty, but filled with another substance. This difficulty will, however, vanish when it is considered.


  1°. That the matter which at first possessed the space now occupied by the sulphurated metallic substances, was, at the time of its exclusion, in a loose or slightly coherent state.


  2°. That the sulphurated ores are more or less perfectly crystallized.


  3°. That crystallizing substances exert a force indefinitely strong in removing all obstacles. Thus water on the point of crystallizing into ice, bursts even metallic vessels; and thus alum crystallizing by insensible evaporation, in the midst of a turbid solution of clay, repels the clayey particles from the space occupied by its crystals.


  4°. That the sulphurated ores thus found in strata, are never so free from heterogeneous mixtures as those found in veins [99].


  Sulphurated Silver Ores.


  These most commonly accompany each other; thus the vitreous silver ore is accompanied often by the red, also by galena, or blendes, or mixed with sulphur pyrites, or iron ochre, or siderocalcite, or hepatic pyrites, see 2 Pabst's Catal. and Leske's. The red silver ore is often accompanied by the brittle antimoniated, or mixed with iron pyrites, or blende, or siderocalcite, or bright white cobaltic ore, or a small portion of galena, or copper pyrites, the light red often with native arsenic or orpiment.


  The ores generally mixed with each other are those, 1°. That have the same mineralizer, and same degree of solubility. 2°. Those which are soluble in different degrees, but which in point of local situation are nearest each other. These ores are always in veins, and never found forming strata, and yet scarce ever in granitic mountains. Werner Gange, 165. Gerh. Mineralog. 222.


  Sulphurated Copper Ores.


  Copper pyrites is frequently accompanied with grey copper ore, or mixed with arsenical pyrites or galena, or black or brown blende, or sulphur pyrites.


  It is found both in veins and strata. Wideman. But chiefly in veins. Gerh. Min. 231.


  The grey copper ore, besides antimony, which it always, and lead and silver, which it often, contains, is mostly accompanied by copper pyrites, or galena, sparry iron ore, sulphur pyrites, brown and yellow blende. It is found in secondary, as also in primary, mountains, but chiefly in these last. 2 Emmerling, 244. per Lehman, that which contains silver is never found in secondary mountains, Lehm. Flotz. Gesch. 125.


  Black copper ore is found with copper pyrites, grey copper ore, malachite or green calx of copper also with the purple copper ore, or iron ochre.


  Sulphurated Iron.


  It occurs in strata in bellies and in veins; the striated frequently accompanies galena; it is itself accompanied by siderocalcite, or the sparry iron ore, or ochre, or galena, rarely (as at Menidot near St. Lo in Normandy) by cinnabar. Monnet Vitrioliz, 15, 16. That in veins has been found accompanied with cobalt and silver ores. Charp. 211.


  Sulphurated Tin.


  Is accompanied by copper pyrites, it is very rare, and found only in primary or derivative mountains.


  Sulphurated Lead.


  It is frequently accompanied with brown, or yellow, or black blende, copper or sulphur pyrites, arsenical pyrites, or sparry iron ore; sometimes with red silver ore, or calamine, cobalt or native arsenic. It is found in primary and secondary mountains, but oftener in primary. Gerh. Mineral. 247.


  Sulphurated Zinc.


  The blendes are generally accompanied with galena, grey copper ore, sulphur pyrites; the black, often with the above, or arsenical pyrites, or copper pyrites; more rarely with the white iron ore, or magnetic iron stone. Found only in primary mountains, Lehm. Flotz. 126.


  Sulphurated Mercury.


  Accompanied with iron stone, sulphur pyrites, and arsenical pyrites, ochre, native mercury, galena, green, blue, or grey, copper ore. Berolding, 209, &c. In Idria it forms strata. Lehm. 220. In the Palatinate and Idria it is found in secondary mountains, but that of Almaden is found in veins in sandstone, which appears to be primitive. Bowles, 40, &c.


  Sulphurated Antimony.


  With sulphur pyrites and iron ochre; chiefly, if not solely, found in primary mountains. Lehm. Flotz. 126. 220. There are very few mines of it known.


  Sulphurated Cobalt.


  With sulphurated nickel, native ochre, red calx of cobalt, native bismuth, sulphurated silver ores, copper and arsenical pyrites, and sulphur pyrites, vitreous copper ore, galena, blende, sparry iron ore. Found both in primary and secondary mountains, particularly in the troubles of these last. Lehm. 220.


  Sulphurated Bismuth.


  With native bismuth, sparry iron ore, tinstone, arsenical or copper pyrites.


  Sulphurated Nickel.


  With sulphurated cobalt, and sulphurated silver ores.


  Arsenical Pyrites


  Found only in primeval mountains, oftener in layers than in veins, Emmerl. Lehm. 126. Accompanied by tinstone, galena, black blende, sparry iron ore, sulphur and copper pyrites.


  Orpiment


  Found principally in secondary mountains; yet, per Lehm. Flotz. 126, only in primary; but he contradicts this in p. 214. Is not accompanied by any other ore but realgar.


  Realgar.


  Principally in primary mountains, accompanied by native arsenic, galena, red silver ore, sometimes by cobalt, sulphur pyrites, grey copper ore, brown blende, grey and red manganese.


  Sulphurated Uranite.


  Accompanied by galena, copper pyrites, iron ochre, sometimes by bright cobalt ore, red calx of cobalt, or vitreous silver ore.


  Of Calciform Ores.


  Calciform ores are formed by infiltration. 10 Buff. 197


  Calciform Copper Ores.


  Accompanied by each other, also by copper pyrites, vitreous copper ore, and brown iron stone, and iron ochre.


  Calciform Iron Ores.


  Magnetic iron stone frequently forms layers in primitive mountains, as in gneiss and shistose mica, nay, it forms entire mountains; sometimes it is also found in secondary mountains.—Accompanied by sulphur, or magnetic pyrites, or copper or arsenical pyrites.


  Specular iron ore found partly in veins, partly in layers, and, perhaps always, only in primitive mountains. Emerling. Accompanied by compact red iron stone, magnetic iron stone, sulphur pyrites, rarely with copper pyrites, or arsenical pyrites, or galena, or tinstone.—Compact red iron stone found in veins and layers accompanied by red hematites.


  Red hematites found in veins, but principally forming considerable layers.


  Compact brown iron stone found in veins, and vast strata in secondary mountains. Voight Pract. 113. Accompanied with sparry iron ore, or brown hematites, rarely with sulphur pyrites, or copper ores.


  Sparry iron ore found in primary mountains, but only in veins, or veinstones; also in secondary mountains. Accompanied by brown iron stone, or siderocalcite, and very rarely silver ore. Descrip. Pyren. 13.


  Upland argillaceous iron stone found in secondary mountains only. Accompanied by calamine, or galena, sometimes with sulphur pyrites.


  Emeril, in Spain it is found in ferruginous sandstone, or in iron stone.


  Calciform Lead Ores.


  The white accompanied by each other, and galena, iron ochre, sulphur and copper pyrites, calciform copper ores, sometimes by brown iron stone, or brown blende.


  Calciform Tin Ores.


  Found in veins, or layers, only in primeval mountains, as granite, gneiss, shistose mica, and scattered in the disintegrated masses of these mountains, but never in calcareous. Werner Gange, 165. Lehm. 125.


  Accompanied with sulphur, copper, or arsenical pyrites, wolfrom, molybdena, iron ochre, black, and rarely with brown blende. Seldom or never with silver ores, lead ores, or cobalt ores, or with baroselenite, calcareous spar, or gypsum.


  Native Turpeth.


  Found with galena in Morsfeld. Berolding, 21 9.


  Calciform Zinc Ores.


  Found only in some secondary mountains, Emerling, never in granitic, gneissy, or shisto micaceous. Werner Gange, 165. Accompanied with iron ochre, galena, white lead ore, compact brown iron stone.


  Calciform Cobalt.


  Found principally in secondary mountains, but also in primary. Accompanied by other cobalt ores, iron ochre, native silver, many copper ores, sulphur pyrites, the red accompanying many other ores.


  Calciform Manganese.


  The grey, or bluish, or brownish black, is frequently accompanied with red or brown compact iron stone, or sparry iron ore.


  The red is found with the gold ores of Nagaya, brown blende, galena, grey copper ore, copper pyrites, realgar.


  Tungstenite.


  Found only in primitive mountains.


  Uranitic Ores.


  Micaceous, accompanied by compact red and brown iron stone, iron ochre, sometimes with olive copper ore, or black or yellow cobalt ores.


  Some veins were originally open, as appears from the rounded stones and petrifactions found in them; thus in the granitic mountain of Pangel in Silesia, there is a vein whose inclination is 70°. filled with globular basalt. 2, Berl. Beob. 197. So also the veins of wacken, called butzen wacken in Joachimstahl in Bohemia, in which trees and their branches, &c. are found. Chy. Ann. 1789, 131. See also Werner Gange, § 44, &c. But that all veins were originally open to day and filled from above, seems to me improbable. 1°. Because sulphurated ores could not thus be formed, as the waters containing them would immediately be precipitated by contact with the atmosphere, and nothing but a slow, gradual, and successive, precipitation, skreened from the atmosphere, can account for their crystallizing in perfect crystals of considerable size. 2°. Because inundations conveying only metallic particles, without any mud yet flowing from the surface of the earth, is highly improbable, and yet they must have been such, else all veins would be filled with deposited mud. 3°. Regulus of arsenic, which is found in many veins, could not thus be conveyed, as it would be immediately oxygenated by exposure to the atmosphere. 4°. Because the quantity of sulphurated metals that could be conveyed in a state of solution, as it must have been to crystallize if held in pure water, would be too small, even in the greatest veins, to afford any considerable crystallization, so that numberless successive inundations one knows not whence, and successive evaporations must be supposed. 5°. In some veins the ore is found adhering chiefly to the roof, as in that of Philip Ludwig at Gablau in Silesia. 1 Gerh. Gesch. 251. must not that have been formed by percolation? 6°. Because we are led to such supposition by no proof or analogy, whereas the theory of successive percolation is grounded on the observation of metallic substances being thus conveyed at this day, as already shewn. Some mines are found at great heights, as that of Crumhubell in Silesia, which contain galena and silver ore. Mem. Berl. 1771. Whence could the inundation proceed that could overflow and fill them? And how often must it have been renewed for a series of years before any considerable quantity of metal could have been deposited?


  The objections to the theory of percolation do not seem to me of any weight: The first objection, namely, that veinstones of different species cross each other in the same mountain, only shews that particles of stone of different species were dispersed in different parts of the same mountain, and were assembled by water flowing in different passages and at different AEras. The second objection, that veinstones, if first formed, would obstruct the passage of metallic particles into the vein, is just the same that Charpentier and Gerhard made to the theory of petrifactions; for the calcedonic particles, for instance, that form the interior of many shells must have traversed the calcareous, 6 Sauss. 83. and in some instances even siliceous; yet this objection is, in this instance, justly disregarded. Besides, how many veinstones are still penetrated with metallic particles? are not crystals of calcareous spar found in the midst of balls of agate? Lasius, 264. See 1 Berl. Beob. 372. and in quartz, 7 Sauss. 84. The third objection, namely, that waters could not circulate below the bed of rivers, is equally, and obviously, inconclusive: numberless particles of water that penetrate mountains may have no connexion with the bed of rivers. How many stalactitic concretions are found in the caverns of Kilkenny, Derbyshire, &c. far below the level of the adjacent rivers? The fourth objection, that no metallic particles are found in the rocks adjacent to veins, maybe answered by saying, that the metals have been long ago carried out of them; besides the proportion may be so small as to elude all research, as in the mines of Ramelsberg. See Schlutter, Chap. IX. hence gold is not found in the mountains, out of which, nevertheless, it is yearly conveyed by inundations, and 7 Sauss. 411. Mem. Par. and silver as in Cronstedt's observation. Moreover all the advantages so ingeniously deduced by Werner, from observing the various antiquity of metallic veins, and of their contents, are equally applicable to the theory of percolation.


  Veinstones, originating only from the minute particles detached from any combination, and having (except lime) no particular connexion with any metal, are indifferently found with them.


  ORES FOUND IN PRIMEVAL MOUNTAINS.


  The ores found in primeval mountains, are principally and commonly the following:


  In Granitic Mountains.


  From 2nd Lenz. Flurl Bavaria, 256.


  Tinstone, galena, compact brown iron stone, sulphur pyrites, hematites, blende, bismuthic, cobaltic, arsenical pyrites, and molybdena, rarely magnetic iron stone, 1 Chy. Ann. 1797, 111. hence copper and silver ores seem excluded, though native gold, silver, or copper, are not.


  In Gneiss.


  Silver ores, martial, copper and arsenical pyrites, magnetic iron stone, lead ores, tin ores, blende, and cobalt.


  In Shistose Mica.


  Ores of iron, copper, tin, lead, cobalt, and antimony.


  In Stellstein.


  Ores of copper, or silver, or lead.


  In Hornblende Slate.


  Sulphur pyrites, copper ore. Aikin Wales, 119.


  In Argillites.


  Ore of silver, copper, lead, sulphur pyrites, blende, calamine. Aikin Wales, 21, antimonial and mercurial ores; hence ores of cobalt, &c. are excluded. The great belly of ore in the Paris mountain is found under aluminous slate. Aikin Wales, 136.


  In Shistose Chlorite.


  Sulphur pyrites, octohedral magnetic iron stone.


  In Grunstein.


  That formed of hornblende and mica sometimes affords ores of copper, or iron, or sulphur pyrites.


  In Clay Porphyry. (Saxum Metalliferum Bornii.)


  Ores of silver, copper, iron, lead, blende, and antimony.


  In Hornstone Porphyry.


  Sparry iron ore, sulphur pyrites, galena, black blende, bismuthic ores.


  In Serpentine.


  Specular iron ore, magnetic iron stone, sulphur pyrites.


  In Trap.


  Specular iron ore, magnetic iron stone, sulphur pyrites.


  In Wacken.


  Iron stone, sulphur pyrites, manganese.


  In primitive Limestone.


  Magnetic iron stone, sulphur pyrites, copper pyrites, galena, yellow blende.


  No veins are found in sandstone, or hornslate. Charp. 27.


  IN SECONDARY MOUNTAINS.


  In compact Limestone.


  Copper pyrites, sparry iron ore, sulphur pyrites, galena, cinnabar. Bowles, 64.


  Marlite.


  Cinnabar. Berolding, 45.


  In bituminous Marlite. (Lehm. 218.)


  Copper ores.


  In Chalk.


  Pyrites. Monnet Mineralog. 339.


  In siliciferous Sandstone.


  Cinnabar.


  In argillaceous Sandstone.


  Vitreous copper ore, malachite, iron stone, sulphur pyrites, cinnabar. Bowles, 12. Berolding, 39.


  In Rubblestone.


  Copper pyrites, sulphur pyrites, galena, bismuthic and cobaltic ores.


  In Clay.


  In blue or grey clay pyrites most easily vitriolizable. Monnet Mineralog. 339.


  In Gypsum.


  Green calx of copper, copper pyrites, grey copper ore, galena, also sulphur and bitumen.


  In Strata of Coal. (Lehm. 219.)


  Native silver, copper and sulphur pyrites, galena, manganese.


  Metallic Strata found in secondary Mountains. (Lehm. 220.)


  Iron stone, sulphur pyrites, calamine, cinnabar.


  ESSAY X. ON THE HUTTONIAN THEORY OF THE EARTH.


  ON this theory I have already made such remarks as appeared to me sufficient to shew its inconsistency with actual appearances, in a memoir inserted among those of the Royal Irish Academy, in the fifth volume; to these Dr. Hutton has since thought proper to reply with much acrimony, in an enlarged republication of his theory, forming two thick 8vo volumes: a detailed examination of all he has there advanced would necessarily be as voluminous; but, if I mistake not, wholly superfluous. It will be sufficient to subvert the fundamental principles upon which his system is constructed, and occasionally to point out the absurdities that flow from it: to fulfil this task we need only examine a few chapters of his work.


  In his first chapter, he endeavours to establish the fundamental points of his theory, which may be comprized in the following propositions:


  1°. That the soil which serves as a basis for vegetation is nothing but the materials collected from the destruction of the solid land, and that it, and the materials of which mountains are formed, are gradually detached, and unceasingly carried forwards by the circulation and propulsion of water into the unfathomable regions of the sea, and, consequently, that in some indefinite time the land must be destroyed; but is afterwards to be renovated by subsequent operations; these operations, which lead partly to destruction and partly to renovation, he calls the natural operations of the globe.


  2°. That the dry land which we now inhabit, was formed in the Ocean, from materials conveyed into it, from an anterior habitable earth, and in particular that calcareous earth, or limestone, originates from marine animals.


  3°. That the loose materials thus collected, must have been consolidated by heat and congelation from a previous fusion, and not by accretion, or crystallization from water.


  Lastly, that the substances thus consolidated, have been elevated to their actual height over the seas and ocean, by extreme heat, and expanded by an amazing force, and form our present continents.


  Examination of the first Proposition.


  This consists of several parts; 1°. That all our actual soil, or the actual surface of the earth, consists of particles detached from the more solid land, and that all mountains are in a state of increasing decomposition. 2°. That this soil, and those particles, detached by decomposition, are necessarily carried into the abysses of the ocean. 3°. That in consequence of this constant decay and destruction, all our mountains must in time be levelled, and our continents destroyed.


  To justify this conclusion, the two first mentioned fact should be established in their universality; for if all soil does not arise from decomposition, and if all mountains are not in a state of decay, there is no room to suppose that the former constantly travels to the sea, nor that all the latter will ever be levelled. Now all soil does not arise from decomposition, for a calcareous soil often covers a clay that contains no limestone, and the solid rock under this, is often of the granitic kind; of this I have already quoted an instance observed at Dolau in Germany, where an effervescent calciferous clay covers another which does not effervesce, and consequently of a totally different nature. Saussure also remarks that the sand near Aliasson appears not to have been abraded from any rock, but to have crystallized on the spot whereon it is deposited. 5 Sauss. § 1375. Therefore these soils did not arise from the decomposition of the stones at least, on which they rest; nor are all mountains subject to decay, for instance, scarce any of those that consist of red granite. The stone of which the runic rocks are formed have withstood decomposition these 2000 years, as their characters evince, and of this sort of granite whole mountains are formed in Sweden and Finland. 19 Schwed. Abhand. 221. 223, 224. Patrin also remarks the same indestructibility of granites near Lyons. 4 Nev. Nord. Beytr. 170. This universal degradation of mountains is also denied by that great observer, Mr. Monnet; see his Mineralogy, p. 61, in the note. Basaltic pillars in general bid defiance to decay, as is evident from their angles; even where this degradation takes place, it is in a degree constantly decreasing, and, consequently, must cease long before the period at which the mountains could be levelled with the plains, either through the protection of vegetation, as Mr. dc Luc has amply shewn in his 28th and 29th, &c. Letters to the Queen, or through other causes; for the rocks that stood at the entrance of the port of Alexandria, though continually beaten by the waves these 2000 years, still subsist in their ancient integrity, as Dolomieu has well remarked. 42 Roz. 50. However I shall readily allow that in many places much of the soil has arisen from the decomposition of the stone whereon it rests, or was conveyed by the ancient extension of rivers or floods from circumjacent mountains; but I must deny that it is in general true that it travels, ever so slowly, to the sea, as where there is no declivity, there is no reason to suppose that either it or the water that falls upon it are carried forward; and thus, by far the greater part of the earth's surface is circumstanced. Even in cases where the progress of detached particles has been at first forwarded by declivities, it is afterwards frequently arrested by the expansion of the waters that convey them. For instance, in lakes where these particles are for the most part deposited; hence Mr. Aikin could discover scarce any earthy particles in the waters of the lake Bala, in the midst of Wales. See his Tour, p. 24. and as to stones of any bulk, Bowles has shewn, that none, not even of those that have been rounded by rolling, arrive at the sea. Bowles Spain. 506,&c.


  But the most important mistake in this part of the Doctor's Theory consists in his supposition, that the sand and soil conveyed to the sea, by many and even most, great rivers, are deposited in the unfathomable depths of the ocean; whereas nothing is more certain than that they are deposited at the mouths of those rivers, or at a small distance from those mouths, and there form prolongations of the land that incroach on the sea; among innumerable instances, I shall quote only a few. Notwithstanding the rapidity of the Rhone, it was from its depositions that the plains of Crau and Camarque, in lower Languedoc, were formed, and what is carried into the sea is rejected on the shore by the currents of the Mediterranean, as Mr. Pouget has shewn. Mem. Par. 1775, 562. Dolomieu has proved that great part of lower Lombardy has been won from the sea by the depositions of the Po; and instead of the sea's retreating from Ravenna, as many have imagined, that the land has been extended by the same cause, much beyond that city. 42 Roz. 47, &c. All the ancients agree that the greater part of Egypt originated from the depositions of the Nile, and at this day, the sludge deposited at its mouth forms shoals which are elevated above the level of the river by the waves of the sea which repel the sand and mud, as Volney observed. Egypt, p. 31. and hence the old town of Damietta, anciently situated near the sea, is now by the prolongation of the land, 2 leagues from it. 42 Roz. 196.—In the same manner Holland, and great part of Flanders, and the shoals on their coasts, originated from the depositions of the Rhine, Meuse, Schelde, &c. as is generally acknowledged, and is evident from the fluviatile shells discovered in sundry excavations. The greater and more rapid rivers, as the Ganges, and Bourampooter, after depositing the greater part of the sand and mud with which they are charged, at their mouths, and forming extensive Deltas, convey some part into the sea, but to no great distance, as Major Rennell has observed. Hence there is no reason whatsoever to suppose that inland waters convey any portion of earth into the unfathomable depths of the sea, but there are many that may persuade us, that not a particle is carried to any considerable distance from the coasts. Mariners are accustomed for some centuries back to discover their situation by the kind of earth or sand brought up by their sounding plummets, a method which would prove fallacious if the surface of the bottom did not continue invariably the same. Fortis in his travels through Dalmatia, p. 282, relates that urns thrown into the Adriatic upwards of 1400 years, so far from being covered with mud, were found in the same situation as they could be supposed to have been the first day of their fall; therefore not withstanding many particles of earth are by rivers conducted to the sea, yet none are conveyed to any distance, but are either deposited at their mouths, or rejected by currents or by tides [100]. And the reason is, because the tide of flood is always more impetuous and forcible than the tide of ebb, the advancing waves being pressed forward by the countless number behind them, whereas the retreating are pressed backward by a far smaller number, as must be evident to an attentive spectator, and hence it is that all floating things cast into the sea, are at last thrown on shore, and not conveyed into the mid regions of the sea, as they should be if the reciprocal undulations of the tides were equally powerful. Frisi in some of his mathematical treatises remarks, that if any considerable mass of matter were accumulated in the interior of the Ocean, the diurnal motion of the globe would be disturbed, and consequently it would be perceptible, a phenomenon, however, of which no history or tradition gives any account. Polybius, seduced by the same reasons as Dr. Hutton, imagined that the Black Sea, which is so narrow, and into which so many great rivers discharge themselves, would in some centuries be filled up, and by computation it may be shewn it should. See 2 Buff. Hist. 70, &c. and 154. and yet after more than 20 centuries that have since elapsed, we have no reason to think that it is at present shallower than in his time, on the contrary, its surface has been narrowed by immense prolongations of the continent, and in this manner, if the rivers did not gradually decrease, it would probably at last be nearly filled, but not by any elevations in the middle (which would be the consequence of the Doctor's theory), of which there is not the least appearance. So the whole country about Petersburg was formed by depositions from the Neva, and even strata of stone were thus formed, for a boat, and human ribs, and reeds, were found under the stony stratum. 1 Nev. Nord. Betyr. 133, Here perhaps we might stop, as this principal foundation of the Doctor's theory being subverted, it were needless to detect its remaining defects; but as he may reply, that if only one particle were detached from the most solid rocks in 4000 years, and only one particle carried into the mid regions of the deep in the same space of time (a supposition it would be difficult to disprove), in some immense future period the solid land of our continent would be destroyed, a catastrophe which he imagines has already several times happened, it will be necessary to shew from the inconsistency of his hypothesis with actual appearances, that whatever may happen in future, nothing of this sort has heretofore happened.


  Examination of the second Proposition.


  That the dry land which we now inhabit was formed in the bosom of the ocean, I have already proved in the former essays; though not from the materials of a former habitable globe, of which the Doctor brings no proof but what has been just refuted; but that all calcareous earth originates from sea animals, I must deny; on the contrary, we have strong reason to think that marine animals obtain calcareous earth from their food, for it is well known that sea water contains selenite; and with respect to land animals, it is said that hens produce eggs without shells when deprived of access to mortar or other calcareous matter; whether this be true or not, it is certain that all animals and most vegetables, take in calcareous earth with their food, of which it appears to be an essential ingredient, therefore, an habitable earth similar to ours, (and such Dr Hutton supposes) could not have existed at any period without that earth. But whether habitable or not habitable, unless the Doctor will also suppose the globe to have existed without any stone, he cannot consistently with actual appearances suppose it to have existed without this earth, as there is no species of stone (except a few of the rarest) into whose composition it does not enter, consequently it must have existed in those that formed the basis of the sea, and therefore have preceded the existence of sea animals. The Doctor indeed allows that vast masses of calcareous matter exist in which no animal remains can be discovered, but these, he says, were crystallized by fusion, which obliterated all trace of animal matter, p. 322, 325. the truth of this assertion we shall now examine.


  Examination of the third Proposition.


  To decide the question how such continents as we now have, could have been elevated above the sea, from materials collected at its bottom (as he thinks he has proved in his first proposition) we must, he says, examine how they could have been consolidated into masses of the greatest solidity having neither water nor vacuity between their various constituent parts, nor in the pores of these constituent parts themselves; but we have already shewn that there is no reason to think that our continents have arisen from the materials collected at the bottom of the sea, from the detritus of a former continent, nor is it true that minerals contain no water in their composition or between their pores but the very reverse is the truth as we shall presently see. There are but two ways, the Doctor tells us, by which spungy bodies may be consolidated and substances formed into masses of a regular structure; the one of these is congelation from a fluid state by cold; the other by accretion from a solution in water, p. 44. This last mode he rejects for reasons which I shall soon examine, and adopts the first, principally from the alleged impossibility of applying the second. The only direct reasons he adduces are the following.


  1° Flints are found perfectly insulated both in chalk and sand, and their form demonstrates that they have been introduced by injection, and have congealed from a state of fusion; but to describe these convincing appearances, would, he says, require a too prolix detail; inspection alone he thinks sufficient; yet to Mr. De Luc and other geologists, inspection, it seems, has suggested a very different theory. This sort of injection, of whose ingress not the least trace is to be found, seems to me impolitic; it is to be noted that flints are found in strata, and at different heights, and placed with the utmost regularity, appearances utterly incompatible with this theory. Many other solid objections to it are urged by Mr. De Luc, in the Monthly Review for 1790, p. 209, to which I refer, but a demonstration of its falsehood has lately been discovered, for 126 silver coins have been found inclosed in flints, at Grinoc, in Denmark. Schneider Topograph. Mineral. 114. and an iron nail at Potsdam, Ibid.


  2° Pieces of fossil wood have been found penetrated with flinty matters, in these the injected flint appears to him to have been in a simple fluid state, and not in a state of solution in water, first, because however little of the wood is left unpenetrated, the division, he says, is always distinct between the injected part and that which is not penetrated by the fluid flint, there is no partial impregnation nor any gradation of the flintyfying operation, as must have been if the siliceous matter had been deposited from a solution; and secondly because the termination of the flinty impregnation has assumed such a form, as would naturally happen from a fluid flint penetrating that body. Mr. De Luc, however, who has seen all these specimens of fossil wood, thinks their various appearances contradict the Doctor's hypothesis [101], and indeed specimens occur whose appearances are absolutely incompatible with it; for instance, those in which the ligneous fibres are distinctly petrified, so that each of them may be separated from the other, and those which exactly exhibit the traces of organization. Could these arise from a mere fiery injection that should destroy all fibres, and form an uniform mass [102]? and in every case what should become of the ligneous part displaced by the injection? it could not evaporate or be burned, for the Doctor supposes a compression which should prevent all evaporation, and it was not driven out, for the place it passed through should be discerned, but this is one of the many inconsistencies of his system which the Doctor has entirely overlooked. In some cases, only the worms that corroded the wood are petrified. What confined his melted flint to these only? See Neret's paper in 17 Roz. Whereas that water has frequently a petrifying power is notorious and evident, as the petrifaction of wood inserted in such water reaches as high as the water reaches, and no higher, and the water is found impregnated with the same stony matter as that of the petrifaction. See the instance recorded at the end of the first volume of Don Ulloa's Voyages, and the petrifaction of the wood of Trajan's Bridge, mentioned in the 4th Essay.


  That petrifactions proceed from water impregnated with the petrifying matter appears also from this, that wood petrified by iron is more plentifully found in the vicinity of martial springs. 1 Nev. Nord. Betyr. 135. neither is the first fact on which the Doctor principally relies generally true. Collini in the 12th chapter of his Voyages, p. 166, French edition, tells us that in some shells converted into agates, the siliceous impregnation is partial and gradual. J'ai observé que dans un même noyau surtout de turbinite, les degrés de lapidification varioient de maniere, qu'il etoit totalement converti en agate transparente au sommet et qu à mesure qu'on remontoit vers l'ouverture de la coquille la lapidification n'avoit produit qu'une pierre moins dure et opaque, jusqu' à la partie superieure du noyau qui n'avoit acquis qu'une très legere cohesion.


  3°. Fossil alkali called trona has been found in the southern parts of Africa, crystallized in a peculiar manner, which, contrary to the habit of common soda, does not effervesce nor liquify in a moderate heat, and as the Doctor thinks, contains no water of crystallization, and therefore must have been in a state of fusion immediately before its congelation and crystallization. If it has been fused, it must have been so in circumstances very different from those in which the Doctor supposes such extraordinary fusions to have taken place, for it is found not running in veins in beds of rock salt, as Doctor Monro supposed, but on the surface of the earth [103], forming a crust at most an inch thick, consequently, if fused, most of its fixed air must have escaped, whereas it contains somewhat more of this than common soda does.


  Through the goodness of Dr. Black, I obtained nearly an ounce of this substance, and found its internal structure nearly as mentioned; it did not effervesce in a slight heat as common soda does, but it did effervesce in a heat of 300°, and therefore lost water; but to determine the quantity of this water, I saturated the trona with vitriolic acid, and found it to contain 34 per cent nearly of fixed air, 41,9 of mere alkali, and 1,8 of reddish sand, the remaining 22,3 grains were therefore water. This proportion of water is indeed much smaller than that contained in 100 parts of common soda, and the proportion of fixed air is greater; but this arises from the different circumstances of its crystallization. Common soda is crystallized in mere water, this on the contrary germinated from the earth, and was exposed to a burning sun; and it is well known that salts crystallized at a high temperature contain less water than those in a low. It is evident however, it was not fused, else the few grains of sand found in it would have been vitrified. His remaining proofs being indirect, consisting in objections to the theory of the aqueous solution of minerals, I shall consider under that head: as for his arguments from the structure of septaria, I do not perceive their force, and therefore passing them by, I shall now state my reasons for rejecting the opinion that minerals owe their solidity to congelation from fusion.


  My first objection to this theory is, that it is grounded on a supposition (or at least we may infer from it) that at some past period a degree of heat prevailed under the ocean superior to any that has ever been known to exist, and which must have taken effect in circumstances the least favourable to its production and exertion; thus in the Doctor's hypothesis, the enormous mountains of calcareous matter in which no animal remains have been detected, such as are found in Swisserland, Tyrole, Liberia, &c. were fused, and not only fused but crystallized by this heat: to form some idea of the heat requisite to effect this fusion, we must recollect that the heat produced in the focus of a large burning glass, is much superior to any that can be produced in any furnace, but much inferior to that produced by pure air acting on burning charcoal, and yet neither Lavoisier nor any other experimenter has been able to fuse the smallest visible particle of pure limestone in this prodigious heat. Mr. Saussure indeed, has of late succeeded in melting a particle of it, but so small that it could be discerned only by a microscope. What then must have been the heat necessary to melt whole mountains of this matter? Judging then from all we at present know of heat, such a high degree could only be produced by the purest air acting on an enormous quantity of combustible matter: now Ehrman observed that the combustion of 280 cubic inches of air acting on charcoal, was not able to effect the fusion of one grain of Carrara marble, from whence it is apparent that all the air in the atmosphere, nor in ten atmospheres, would not melt a single mountain of this substance of any extent, even if there were a sufficient quantity of inflammable matter for it to act upon. Judging also of subterraneous heat by what we know of that of volcanoes, no such heat exists; the highest they in general produce is that requisite for the fusion of the volcanic glass, called obsidian, which Saussure found not to exceed 1150 of Wedgewood, but basaltine, which requires 140° of Wedgewood, is never melted in the lavas of Etna; how little capable then would volcanic heat be to effect the fusion of Carrara marble, which, according to the same excellent author, would require a heat of upwards of 6300° of Wedgewood, if this pyrometer could extend so far? And in what circumstances does Doctor Hutton suppose this astonishing heat to have existed, and even still to exist? Under the ocean in the bowels of the earth, where neither a sufficient quantity of pure air nor of combustible matter capable of such mighty effects can with any appearance of probability be supposed to exist; and without these, such degrees of heat cannot even be imagined without flying into the region of chimeras. Volcanoes give no countenance to such a supposition, their heat is not commonly greater than that which may be effected by the absorption of sulphur by various metallic substances, as the Dutch philosophers have lately shewn. To this train of reasoning Doctor Hutton answers, p. 253, "That it was improper to try his theory by fire." And p. 35, "There may be some difficulty in conceiving the modifications of subterraneous heat; but as on the one hand we are not arbitrarily to assume an agent for the purpose of explaining events, or certain appearances, which are not understood, so on the other we must not refuse to admit the action of a known power, when this is properly suggested by appearances; and though we may not understand the modifications, capacity, and regulation of this power, we are not to neglect the appropriating to it as a cause, those effects that are natural to it, and which, so far as we know, cannot belong to any other." Much is here untruly supposed with respect to the known power of heat, which I shall not now notice, but singly examine how far its operation is suggested by the actual state and appearance of mineral substances.


  My next objection then to the Doctor's theory is, that the actual state of all minerals presents appearances incompatible with the supposition that they originated from heat or fusion. 1°. Almost all stones lose some part of their weight [104], and are altered either in their hardness, lustre, colour, or permeability, to light, when heated; could this happen if to heat they owed their origin? the assistance of compression in this and the following instances is in vain invoked.


  The ingredients of granite are found distinct and separate from each other, and the felspar opake and without blebs; now if these ingredients were fused they would run into each other, and the felspar would either have blebs, or if melted in a high heat would form a transparent glass; the quartz would also become opake, as it always does on being heated, the mica also would have been vitrified, therefore the appearance of this aggregate is incompatible with the supposition of its having been fused. Sir James Hall attempts an answer to this objection, which I shall examine hereafter.


  2°. Granularly foliated limestone, in which no animal remains exist, and which the Doctor would persuade us was crystallized by fusion, is often found seated on argillite, and even intercepted between the laminae of argillite; yet the argillite, (one of the most fusible of all stones,) not only discovers no marks of fusion, but not even of having been heated; Is not this impossible on the supposition that the limestone was melted? The Doctor tells us, that shells originally existed in limestone, but were destroyed by heat; but here he contradicts his own hypothesis, namely, that the fusion took effect under a compression that prevented the volatilization of all aerial fluids; if he says they remain, but unaltered in their form, I ask, how they came to remain unaltered in their form in a heat sufficient to melt them, as they do in many siliceous stones? for in company with these, which according to him were in fusion, they also should have been fused. Again, strata of granular limestone are often intercepted between strata of gneiss, and even alternate with them, and metallic veins pass without interruption through each, a proof of their coeval formation; but where the vein passes through the limestone it is destitute of metal; and even the metallic substances found in each differ both in nature and position, as Charpentier has observed. Lettere Oritologice al Sr Arduino. Now it is evident that the heat which could melt the limestone should melt also the strata of gneiss, which is much more fusible, and confound both. This observation also proves that metals were not thrown up in a state of fusion into the veins that contain them (another opinion of Dr. Hutton's), else some would be found in that part of the vein that traverses the limestone.


  To these considerations I shall add a demonstration that pure limestone, such as Carrara marble, did not originate from shells; it is this, phosphoric acid is found in most shells [105], but none is found in pure limestone, Mem. Turin. 1789, 63. and its absence cannot be attributed to fusion, for phosphoric acid is indestructible by heat.


  3°. Stony substances are often found superimposed on clay, which has not the appearance even of having been baked; how could that happen if both were heated from beneath?


  4°. Various siliceous crystals, and some gems are found terminated by perfect pyramids at both ends, without any mark of adherence; if these were formed in water such formation may be conceived, as the primordial particles might be supported by that fluid, but they cannot be supposed to have been formed by fusion, as during that operation they must have been supported by some solid to which they would afterwards adhere, and thus their shape on separation would be destroyed.


  5°. The impressions of shorls and other stones more fusible than quartz, are often found deeply engraved in it; they must therefore, if in fusion, have congealed, while the quartz was still in fusion which is a contradiction in terms.


  6°. Pure minute siliceous crystals are found dispersed even in Carrara marble; the granular limestone of Dauria and Swisserland abound in siliceous and argillaceous particles; now if these calcareous masses had been fused, this could not happen, as these substances are fluxes to each other, and run into a common mass. Fluors and gypsum have also been found crystallized in the midst of substances into which, if fused, they should flow, and with them, by the laws of affinity, form one common mass, as is daily experienced.


  7°. Shells, in their natural shape and with their natural pearly lustre, have been found imbedded in flints and hornstones; Could this happen if the flints, &c. had been melted? if it could, why are they never found in granite or gneiss, &c? Again, as to metallic substances and ores, they equally disclaim an igneous origin.


  Thus, 1°. Gold is found native in large masses in the county of Wicklow, many specimens, to all external appearance even when examined with a microscope, perfectly free from stony substances. I have examined one of these specimens, and found its specific gravity only 13. but after it had been melted its specific gravity amounted to 18. and many sandy particles appeared on its surface; these, therefore (and perhaps some vacuities), were originally dispersed through its mass, which could not happen if it had originated from fusion, since by the laws of gravity the grains of sand should float on its surface, as they afterwards did when it was really fused. Mr. Alcohorn, I am informed, sawed a piece of this found in Wicklow, and found grains of quartz and ironstone in the middle of it. In the same manner native silver is often found internally mixed with quartz, 2 Roz. 197, which could not happen if the silver had been fused.


  2°. The sulphurated silver ore is frequently found incorporated with calx of iron; now if it had been formed by fusion, this could not happen, as the sulphur would unite preferably to the iron.


  3°. Crystallized amalgamas of silver and mercury are found in the Dutchy of Deux Ponts. Could these have been formed by heat? Magnetism is destroyed by heat, and magnets cannot be formed by fusion, but they may by rust and water, therefore that iron ore was never fused.


  4°. Specular iron is found lining the inside of gun barrels in which water had been decomposed, by fusion this compound would be destroyed; the natural was not therefore formed by fusion.


  5°. Galena may be imitated in the dry way, but imperfectly, for that so formed does not decrepitate when heated, whereas the natural does, therefore this was not formed by fusion.


  6°. Pyrites may be formed by fusion, but such pyrites differs much from the natural, the natural is yellow, the artificial never; the natural is scarcely fusible, the artificial easily; the natural contains abundance of sulphur and yields it by distillation; artificial cannot be made to yield any.


  7°. Cinnabar may also be formed by heat, but the artificial differs from the native; the native is almost always of a compact or foliated texture, whereas that formed by heat is fibrous or striated.


  8°. So also regulus of antimony sulphurated by nature takes up upwards of 35 per cent, of sulphur, but by fusion the same quantity of regulus cannot be made to take up 30 per cent, of sulphur.


  9°. Blendes, or sulphurated zinc ores, contain a large proportion of water, which could not happen if they were produced by fusion, but is not surprising if they were formed in water; moreover sulphur and zinc can scarcely be brought to unite in the dry way.


  10°. Native precipitate, per se or oxygenated mercury, is frequently diffused through bituminous clay or slates; heat would immediately separate the oxygen, this ore therefore was formed in the moist way.


  11°. Cobalt and bismuth are found united in cobaltic ores, but these metals do not mix with each other in fusion, therefore they were not formed by it.


  12°. In the cobalt ore, called reticular cobalt, we see the cobalt running in veins through quartz, and yet the quartz on each side remains untinged, which could not happen if the cobalt had been in fusion. In many cases we see the quartz tinged red by cobalt, whereas if fusion had taken place, the tinge should have been blue.


  13°. White calx of manganese blackens when heated, now this calx is found native, therefore this was never heated.


  14°. Sulphur if heated in contact with oxygen, must have been converted into vitriolic acid; and for the same reason, no native regulus, but rather calx of arsenic, should exist, therefore the absence of oxygen in a heat that could be produced only by oxygen, is a new supposition to be added to the Huttonian theory.


  These instances I think sufficient to prove, that the actual state and appearance of minerals are not due to previous fusion.


  The Doctor indeed, seems to rest the necessity of admitting his theory chiefly on the impossibility of ascribing the acknowledged original fluidity or softness of minerals to any other cause but igneous fusion. There are just two ways, he says, by which porous bodies may be consolidated, and formed into masses of a regular structure, namely, congelation from a fluid state by cold, and accretion by crystallization from water. His arguments against this last widely dispersed through his whole work, or at least, the principal among them, I shall now consider, but expressed in my own words, as the author's statements are intolerably perplexed and diffuse, and moreover frequently refer to that part of his theory which I have already refuted, namely, that all minerals were originally collected at the bottom of the sea from the materials of an anterior continent, and consequently in a spungy porous state, as he calls it.


  1°. If it was from a solution in water that minerals were formed, it is impossible to conceive how these masses should have been consolidated without any visible water in their composition; the answer to this is obvious; salts daily crystallize in water, without retaining any visible in their composition. Barytic lime acquires a stony hardness on being barely slacked [106]. The depositions of the springs of Carlsbad, in Bohemia, the crust formed in common tea kettles are other instances of stony masses formed in water without retaining any visible in their composition. Doctor Black can tell him, "that when concretions of siliceous earth are once formed, and afterwards receive frequent additions of the same matter, which insinuating itself into the pores of the concretion is fixed there, and increases their density and solidity, the mass may in time acquire a surprising degree of hardness, the petrifactions of Geyser are undoubtedly formed in this manner, and some of them are so dense and hard, that they can hardly be distinguished from agate or calcedony." 3 Edin. Trans. p. 114. The observations of Rinman, and Mr. Edward King, quoted at large in my 4th Essay, are also full to the purpose.


  2°. The Doctor insists, that if water had been the menstruum by which consolidating matter had been introduced into the interstices of strata, then water should be considered as an universal menstruum, in contradiction to chemical principles, for there are strata consolidated by calcareous spar, by fluors, by sulphureous or bituminous substances, by siliceous matter; all which substances are insoluble in water. P. 53. he asserts that no siliceous body having the hardness of flint, nor any crystallization of that substance, have ever been formed except by fusion. From this paragraph one would be apt to infer that flints and siliceous crystals have in some experiments been formed by fusion, whereas the truth is, that no flint or pure siliceous crystal have ever been known to have been fused, except the microscopic particle fused by Saussure, as already mentioned, and that the fusibility of siliceous matter in any known heat, without the assistance of fluxes, which enter into the composition of the resulting compound, is as much or more opposite to chemical principles than the solubility of siliceous matter in water, I say more opposite, because siliceous particles have frequently been found dissolved in water, as I have shewn in many instances, both in the 4th and 7th Essays, and therefore need not here repeat. The insolubility of siliceous matter proceeds from its integrant affinity: thus Mr. Macie found powdered flints insoluble. Phil. Trans. 1791. 385. hence when it is sufficiently comminuted, as I have shewn it originally to have been, there is no obstacle to its solution. Water cannot, however, be called an universal menstruum, as a menstruum is a fluid whose specific affinity to the particles of a solvend is greater than the integrant affinity of the ultimate particles of the solvend to each other. His assertion that strata are solidified by spars, siliceous matter, fluors, &c. is perfectly chimerical, and rests solely on his own peculiar opinion that they were originally deposited in a soft state, but hardened by the congelation of those fused substances; whereas their hardness proceeds generally, merely from their own integrant attraction, as shewn in the 4th Essay. From what else can the hardness even of a substance congealed after fusion proceed?


  3°. Sulphur is found combined with almost all metals; a combination, he says, that could be formed only by fusion, as sulphur is insoluble in water. This assertion also is contradicted by facts: sulphur has been repeatedly found dissolved in water in the form of hepatic air; I have shewn that a cubic foot of water may contain 374 grains of sulphur, and according to Bergman, it may contain much more. See 2 Westrumb. 117, 130. Copper pyrites have been found newly produced, as shewn in my 7th Essay, and also the red silver ore.


  Monnet asserts martial pyrites to be daily formed, Vitriolization, p. 11. he also found that calces of iron and sulphur unite in the moist way. Dissol. p. 57. That copper and sulphur unite in the moist way, See 1 Chy. Ann. 1794, 296. Blende is unluckily quoted by the Doctor, as from the difficulty of uniting sulphur and zink in the dry way, and the quantity of water it contains it prima facie bespeaks an aqueous origin. Cinnabar and antimony are also sulphurated metallic compounds, and may by art be formed both in the dry and the moist way, but the compounds formed in the dry way differ from the natural, as already seen; there are many compounds formed by nature in the moist way, with the detail and manner of whose formation we are not acquainted; for instance nitre, which nature forms in a manner we have not yet discovered; the Doctor will not assuredly thence conclude that it therefore was formed by fusion.


  4°. The Doctor next proceeds to the examination of the bituminous substances, and tells us that oily and resinous substances originate from vegetation, and from a collection of these at the bottom of the sea there are formed strata which have afterwards undergone various degrees of heat, and were variously changed in consequence of that heat according as the distillation of the more volatile parts was suffered to proceed, p. 69. and in his 8th chapter, which professedly treats of the formation of coal, he tells us, that many coal strata are found in a charred state, which indicates that their more volatile oleaginous or fuliginous matter had been separated by subterraneous heat at the bottom of the ocean. To this we are also to add all the fuliginous matter that arises from burning bodies on the surface of the earth, which ultimately settled at the bottom of the sea. Moreover, the Scotch rivers run into the sea tinged brown by moss water, which leaves on evaporation, a substance much resembling fossil coal; therefore we may conceive an immense quantity of inflammable vegetable substance dissolved in water carried into the sea by all the rivers on the earth, for an indefinite space of time, and cannot hesitate in supposing it separated from the water and precipitated by the continual action of the sun and atmosphere, to the bottom of the sea; there it must form a body of a most uniform structure, and breaking with a polished surface, and more or less fusible in fire, and burning with more or less flame and smoke, in proportion as it should be distilled or inspissated by more or less subterranean heat. p. 579, &c. and though beds of sandstone are frequently placed above and below the strata of coal, yet, he adds, we do not find any sand mixed in the strata of the coal itself.


  This account of the origin of mineral coal appears to me as improbable as that of the origin of stony substances, and in some respects, more extraordinary, as will appear by examining it in detail.


  1°. According to this hypothesis, all fuliginosities arising from combustion on the surface of the earth are finally carried into the sea; this rests on the supposition, that all soil is gradually carried into the sea, a notion which has been already refuted.


  2°. It is supposed that all rivers carry vegetable carbonaceous matter into the sea, and that it is there deposited, and yet no proof is given that any river deposits the vegetable matter that tinges them, and on the contrary it appears from the Doctor's own words, that this vegetable carbonaceous matter is deposited, only in the case where the water is separated from it by evaporation. If the action of the sun and atmosphere has the power of producing such a separation without evaporation, the Doctor should adduce some experiment to that purpose, and not content himself with mere assertion; but the fact is, depositions of even slimy inflammable matter are exceeding rare, and must, like many others, be made in the rivers themselves, as in the canals in Holland, or at their mouths, and there is no reason to think that it is the vegetable matter that discolours some rivers that is ever deposited, but the more solid turfy particles that are carried off by the rivers that flow through bogs or the particles that accidently fall into them; the vegetable matter found in the canals of Holland does not form a particular stratum, but is mixed with mud, no such stratum has been found in the excavation made in Holland to the depth of 240 feet, as may be seen in Varenius and Muschenbroeck, nor in that made in the strata formed by the depositions of the Seine examined by Guettard, Mem. Par. 1753. nor in that made in Egypt, though the soil was intirely formed of the depositions from the Nile, nor has any such coaly matter been ever brought up in any soundings; hence I conclude that the existence of such strata at the bottom of the sea is purely imaginary.


  3°. If our beds of mineral coal had been formed in the sea, we should find sea shells among them, whereas fluviatile shells are by far the most common, when any are found. Sea shells occur very rarely, and these are merely adventitious, as I have shewn in the preceding Essays.


  4°. Supposing even that vegetable matter had been conveyed into the sea, and there had formed particular strata, the distillation of these strata is equally inconceivable; to distil coal a great heat is necessary; to distil it so as to expel the oily matter, an incandescent heat would be required, and even by this the last portions of bitumen cannot be expelled, moreover an immense quantity of inflammable air is produced: if our beds of coal had undergone that operation, would not various signs of it appear? Would not bitumen be found in the neighbourhood of those beds of coal from which it had been expelled? Would not the sulphur also be distilled from the pyrites found in the coal? Yet neither in the coal mines of Kilkenny, the coal of which is of all others most completely destitute of bituminous matter, nor any where near them, is the least trace of bitumen to be found, and the pyrites remain in their usual integrity. Would not some of the neighbouring stones appear fused by this heat? Yet no trace of fusion is seen in any coal mine. Would not the strata of coal itself appear bloated and puffed, instead of assuming a regular foliated texture? Would not the superior earthy or stony strata be disordered by the vehement expulsion of air? Yet no such disorder, but in general a great regularity, is observed. How comes it to pass, that the few shells, and the by far more numerous leaves that are found in coal mines, discover not the least mark of having endured any heat? And yet the interstices of the coal are frequently lined with lamellar quartz, particularly in the coal mines of Kilkenny; a new proof that the quartz was never fused.


  After these remarks, I think it needless to enlarge farther on this subject, or inquire why coal mines are confined to secondary hills, or inquire how fixed air had acquired its carbonic matter, and shall only add that the Doctor's assertion, that sand is never found mixed in the strata of coal, is not true. See Charp. p. 7. and 2 Buff. Miner, p. 189, in 8vo.


  Even strata of salt appear to the Doctor to have been formed by fusion; but the only proof he adduces is, that the salt rock of Cheshire lies in strata of red marl, and that the regular structure of the floating marly substance in the body of the salt is inexplicable on any other supposition but the fusion of the salt. The intermixture of marl and clay in beds of salt, I have already explained, and its existence in them is a certain proof that the salt was not fused, for if it were, it would by the mixture of these substances be decomposed, at least in part, whereas no trace of uncombined alkali is found in common salt mines; the sea shells, and also wood, often found between the strata discover no sign of the application of heat; besides salt was never in any experiment found crystallized after fusion. Of metallic ores enough has been already said; I should not, however, forget in digging the ruins of the ancient town of Chatelet several iron tools were found, the wooden handles of which were converted into hematites, the organization of the wood still remaining; they lay buried during 1600 years. 10 Buffon Suppl. 197. This ore then must have originated in the moist way.


  Having thus shewn that the origin and present state of no species of mineral can, with any appearance of probability, be ascribed to fusion, I should here conclude this Essay, as it were idle to inquire how our continents could be raised, by a cause of whose existence we have no proof, did I not think it necessary to expose the fallacy of some, and the falsehood of others of Dr. Hutton's replies to the objections I made to his system on a former occasion. I shall not indeed always confine myself to his own words, as this would be often intolerably tedious, but I shall strictly state the substance of each.


  P. 206. The Doctor denies that he had said, "that all soil is made from the decomposition or detritus of stony substances," yet page 13, he says, "a soil is nothing but the materials collected from the definition of the solid land;" this requires no comment.


  Ibid. He denies that he had said, "that soil is constantly washed away, but only that it is necessarily washed away, that is, occasionally," This is a mere play upon words, constantly is as often taken for certainly as perpetually, see Johnson's Dictionary; but I am sure necessarily was never used as synonymous to occasionally.


  Ibid. He apprehends "I have misapprehended Mr. De Luc, when I asserted on his authority, that soil is not always carried away by water, even from mountains." The passages of Mr. De Luc are too long and too numerous to be here inserted; they may be found in the 57th and 28th, and following letters to the Queen; on perusing them it will easily be seen which of us has misapprehended the meaning of that celebrated Geologist.


  P. 208. He censures me for advancing, "that his conclusion relative to the imperfect constitution of the globe falls to the ground, and the pains he takes to learn by what means a decayed world may be renovated are superfluous."


  In reply to which he asserts, "that the object of his theory is to shew that this "decaying nature of the solid earth is the very perfection of its constitution as a living world, and therefore it was proper he should shew how the decayed parts should be renovated."


  P. 210. He puts me a firing of questions. "Does he mean to say, that it is not the purpose of this world to provide soil for plants to grow in?" I answer, provision for this purpose has long ago been made and does not require daily renewal. "Does he suppose that soil is not removable with the running water off the surface?" I answer, that all that is moveable is not moved; all the water that falls on the surface does not run to the sea, but is either soaked, evaporated, or sucked in by vegetables; that which runs is often stopped in its course, and the molecules of soil abraded and carried from some spots are often annually recruited by vegetation, except in a few particular situations, as on the sides of hills much exposed to winds, and even there the abrasion is scarce ever total. "Does he think it is not necessary to replace the soil which is removed?" I answer, it is not, neither always nor every where. The Doctor says, "He required no more than this gradual removal of soil," but in the first place, he required this removal to be universal and complete, and in the next place, that this soil should at last be seated in the unfathomable abysses of the ocean, notions which I have shewn to be unfounded, and he himself partly owns to be so in the note to page 14 of his new publication.


  P. 211. The Doctor charges me with denying what he asserts in his theory, namely, "That the solid parts of the globe are in general composed of sand, gravel, argillaceous and calcareous strata," and with adding, "that this cannot be assumed as a fact, but rather the contrary; that it holds true only of the surface, and that the basis of the greater part of Scotland is evidently a granitic rock, to say nothing of the continents both of the old and new world, according to the testimony of all mineralogists," in answer to which, he tells us, that this general proposition he still maintains as a fact, and that after visiting most parts of Scotland and obtaining good information with regard to those parts which he had not seen, "that he can with some confidence affirm, that (except the north-west corner) instead of the basis of the greater part of Scotland being a granitic rock, very little of it is so, not perhaps 1/500 part." His countryman, Mr. Williams, by profession a miner, and who certainly has visited all parts of Scotland, and particularly noted the subterraneous, gives us a very different account. Vol. II. p. 13. he tells us, "that the mountains of Ben-Nevis in the Highlands are chiefly composed of red granite, and that it is found in great abundance in many other parts of Scotland . . . . but without the least appearance of stratification;" and p. 19, "That grey granite is very common in many parts of this island both in high and in low lands, north and south;" and p. 33, "that Scotland is remarkable for a great number and variety of granites."


  Mr. Eversman, a German mineralogist, who resided some years in Scotland, and visited most parts of it, is still more express; he tells that the fundamental rock (Grundgebirge) consists of a granitic aggregate (granitartigen masse), 1 Berg. Jour. 1789, p. 495, The Doctor indeed tells us, that along the coast of Galloway to Inverary, he examined every spot between the Grampians and Tweedale mountains, yet could see no granite in its place; but Doctor Ash in a letter to Mr. Crell, 1 Chy. Ann. 1792, p. 115, informs him, that from Galloway, Dumfries, and Berwick, there is a chain of mountains, commonly shistose, but often also granitic: and Mr. Grotsche, another German mineralogist, who had visited Scotland, affirms, that the Grampian mountains consist of micaceous limestone, gneiss, porphyry, argillite, and granite, alternating with each other. 1 Bergb. 399. Most probably the Doctor examined only the surface, where he should not always expect to meet that which I called the basis the superior strata; the glaring inconsistencies that occur in page 215 I need not mention, as they cannot escape notice.


  P. 216. He upbraids me with "forming my notions of geology from the vague opinion of others and not from what I had seen." Must not many of those who he expects will embrace his opinions, do the same? does he think that from a view of Britain singly, a geology can be formed? Yet this is all he boasts to have seen; though I have not travelled with my eyes shut, yet I felicitate myself with being acquainted, not merely with the opinions, but with the fact related by a Ferber, who has travelled through Germany, Italy, and England; by a Pallas, and Patrin, and Herman, who traversed Russia, and Siberia; by a Born, who visited Hungary; by a Saussure, who made us so well acquainted with the Alps; by Carbonieres and La Perouse, who viewed and examined the Pyrenees; by Charpentier, who investigated so ably the internal structure of Saxony; by Lasius, who displayed that of the Hartz; and by many more whom I have occasionally quoted in the preceding Essays. I suppose it will be thought reasonable to pay more attention to these, than (to express myself in the mildest terms) to the a priori conclusions of any man, unsupported by facts, and contradicted by all natural appearances. As to the tendency of his system to prove that this globe had properly speaking no beginning, I shall take no farther notice of it; all he says he means is, "that in tracing back the natural operations which have succeeded each other . . . we come to a period in which we can not see any farther. This, however, is not the beginning of those operations which proceed in time . . . . nor is it the establishing of that which in the course of time had no beginning, it is only the limit of our retrospective view of those operations which have come to pass in time, and have been conducted by supreme intelligence."


  p. 223. Let the reader understand this as he can: but whether the Doctor can see so far or not, there must have been a primitive globe, or this globe was eternal; if there was a primitive globe, it must have had calcareous earth underived from shell fish, or not resemble ours.


  P. 226. As I had advanced in my former paper, that the interior parts of the earth, at the depth of a few miles might have been originally, as at present, a solid mass, the Doctor asks, "how a naturalist who had seen a piece of Derbyshire marble, or any other limestone, could make that supposition?" As if any marble or limestone had ever been taken from the depth of a few miles! and as if the sea itself, from whence he derives all, did not require a solid body to support it.


  P. 227. He enters on a refutation of my notions of the consolidation of strata, which he contrives so to distort, mistate, and perplex, that to disentangle them from his disingenuous misrepresentations would require too tedious a discussion; my own statement may be seen in the preceding Essays, and differs but little from the sentiments of some or other of the most enlightened naturalists of this age, Saussure, Werner, De Luc, La Metherie, &c. Yet as I had quoted the induration of Pouzzolana mortar (not common mortar as he mistates) under water, he says, "One would imagine I was writing to people of the last age," and takes no notice of the stalactite formed under water, which I had quoted from Mr. Smeaton's observations, though both are full proofs of the general fact, that stony concretions may be formed in water, though their interstices were originally filled with water. What too will he say to Dolomieu's observation, that many stones harden by sprinkling them with water? Ponces, 417. and to many other instances which I have quoted in Essay IV? He surely cannot think that more regard is to be had to his a priori reasoning about the difficulty of expelling water from the interstices of concreting masses, than to known facts.


  P. 236. After observing that I had taken great pains to refute the notion of a subterraneous heat sufficient to melt all mineral substances, he tells us, "that he gives himself very little trouble about that fire, and takes no charge with regard to the procuring of that power, as he had not founded his theory on the supposition of subterraneous fire; however that fire properly follows as a conclusion from those appearances on which the theory is founded he does not pretend to prove demonstrably that the fused minerals had been even hot; however that conclusion also naturally follows from their having been in fusion, it is sufficient for him to demonstrate that these bodies must have been more or less in a state of softness and fluidity, without any species of solution; he does not say that this fusion was without heat, but if it had, it would answer equally well the purpose of his theory." And p. 237 he owns, "I have justly remarked the difficulty of fire burning below the earth and sea, but says it is not his purpose to endeavour to remove those difficulties which perhaps only exist in the suppositions made on that occasion . . . . . It is surely one thing to employ fire and heat to melt mineral bodies, in supposing this to be the cause of their consolidation, and another thing to acknowledge fire or heat as having been exerted on mineral bodies, when it is proved by actual appearance that these bodies had been in a melted state; here are distinctions which would be thrown away upon the vulgar," &c. I confess I am one of the vulgar, and can understand nothing in this paradoxical paragraph; I cannot conceive how minerals could be melted without heat, unless miraculously, nor the difference between the employment of heat, and the exertion of heat, and plainly see, that it would be idle in me to argue with a person who thinks he can.


  P. 238. He tells us, "He does not avoid meeting the question of providing the materials for such a mineral fire as may be required; but it must not be put in the manner I have put it, that is, as if he had made that fire a necessary condition, or principle of consolidation, whereas he had inferred the existence of an internal heat from the proofs he had given that stony substances had been in a fluid state of fusion, and if these be just then my arguments are useless." And in p. 243, he tells us, "that according to his theory the strata of this earth are composed of materials which came from a former earth, particularly the combustible strata that contain plants. Let us then suppose the subterraneous fire supplied with its combustible materials from this source, the vegetable bodies growing on the surface of the land. Here is a source provided for mineral fire which is inexhaustible, or unlimited, unless we circumscribe it with regard to time and the necessary ingredients." As to the first part of this paragraph, I have sufficiently refuted it by shewing that there is no general appearance, which necessarily suggests a former state of fusion of all minerals; let us then examine the latter part, in which I conceive the Doctor has egregiously deceived himself. According to his theory then the minerals of this earth were melted by the combustible vegetables that grew on a former earth for an indefinite length of time; this earth, however, the Doctor supposes to have been inhabited like the present [107]; most of these vegetables, therefore, must have been consumed, as at present, by these ancient inhabitants, and many must have decayed. There remained only such quantities of them carried into the sea as are at present so conveyed, and when there, they must have rotted or been decomposed as at present; and only such as escaped decomposition could serve as fuel for his mineral heat; but in an indefinite space of time must not all of them have been decomposed? How then, even in that unlimited duration which the Doctor gratuitously claims, could such a collection of combustibles be accumulated, and in such a perfect state as would be necessary to furnish a degree of heat sufficient to melt, I do not say a mountain, but even a fragment of quartz? Where has he discovered or read that such unmixed strata as would be required in his hypothesis, were ever found at the mouths of rivers, where some part at least of those combustibles must have been deposited in the same manner as he supposes them to have been at the bottom of the sea? How detain the hydrogen? Where find the oxygen, equally necessary? On whatever side we view this hypothesis, nothing but improbability or impossibility offers itself to our view.


  The Doctor tells us, p. 143, that "We must not estimate the proportion of materials anciently employed in fusing minerals by that which is actually found in this earth, this he allows is deficient, and is only the superfluity of that which was employed." If we are not to judge of the past by analogy with the present world, I own I am at a loss how to judge; the Doctor gives no estimate, but finds it much more convenient to leave the whole involved in obscurity.


  P. 247, &c. He reproaches me with misconceiving, or misrepresenting, a passage of Mr. Dolomieu, wherein I make him say, that subterraneous heat is not even equal to that of our common furnaces, and the Doctor affirms, that if I had quoted the text instead of giving my own interpretation, I could not have offered a stronger confirmation of his theory. I shall, therefore, now give him the words of Mr. Dolomieu, which were taken, not from the Journal de Physique, Mai, 1792, as the Doctor believed, but from the Preface to his Account of the Pontian Islands, p. 8; the words are, "Le feu des Volcans n'a point d'intensité il ne peut pas vitrifier les substances les plus fusibles tels que les shorls, il produit la fluidité par une espece de dissolution par une simple dilation qui permet aux parties de glisser les unes sur les autres." It is this last opinion it seems the Doctor regretted, I had not quoted, as it alludes to a mysterious kind of fusion, which Mr. Dolomieu then admitted, and which the Doctor consequently thought favourable to his own, as it participated of the same incomprehensibility. But this great geologist has since cleared up this point and persists in denying the great heat of volcanos. I shall now quote his own words. Journ. de Phys. for 1794. p. 118. Le feu des volcans n'a pas une grande intensité il ne produit pas une chaleur proportioné à ce qu'on presumeroit de son grand volume, on approche d'un courant de laves sans eprouver cette ardeur vive & cuisante que l'on ressent près des verres & des metaux en fusion on peut monter dessus pendant qu'il coule, &c. and p. 121. presque tous les phenomenes accessoires favorisent mon opinion sur la fluidité des laves qui ne seroit alors qu'une simple solution par le souffre & qui n'exigeroit qu'une chaleur peu superieure à celle necessaire pour tenir en fuson le souffre pur. The insolent tone the Doctor assumes in the succeeding pages would call for the severest reprehension did it not still more properly meet it in the sentiments it must naturally excite in the minds of every unprejudiced philosophic reader.


  P. 253—257. He examines my answer to the argument he deduced from the apparent fusion of the native regulus of manganese, and concludes by remarking that "my observation on this occasion, looks as if I were willing to destroy by insinuation the force of an argument that proves the theory of mineral fusion, and wish to render doubtful, by a species of sophistry, what, in fair reasoning, I cannot deny." To this compliment I shall make no reply, but barely state Mr. La Perouse's testimony and the conclusion I drew from it. Mr. La Perouse relates that he found the native regulus among the iron mines of Sem; that it exists in separate lumps like the artificial, but much larger, and that its figure exceedingly resembles that of the artificial, "and that this exact resemblance ought, it should seem, to induce us to think it was produced by fire. That it is very pure, and contains no part attractable by the magnet." Hence it is plain Mr. La Perouse is inclined to think it was produced by fusion; but I did not think myself obliged to adopt this opinion; Mr. La Perouse's propensity to believe it a product of fire, was grounded on the great resemblance of this native regulus to the artificial; this, however, did not convince me, as by the same mode, of reasoning, most other native metals might also be ascribed to fusion, a notion entertained by none but Doctor Hutton. Local circumstances must concur in suggesting such an opinion; now I knew that here local circumstances contradicted it; for the manganese was found in the mountain of Rancié, a mountain of primitive limestone, and among iron ores; most of which are hematitic, as Mr. La Perouse informs us in his Traité sur les Mines de Fer, p. 8, and 53. neither of which were ever suspected to be of igneous origin except by Doctor Hutton. Hence I concluded the manganese could not be deemed to originate from fusion; the circumstance of its being found in lumps seemed to me a confirmation of this reasoning, as it is well known that reguli arising from fusion are always discrete and separate when the melting heat is not sufficient, and a defect of this sort could scarce be found in such a heat as Doctor Hutton would have us to adopt, as according to him it could melt quartz, and must have melted the primitive limestone of which this mountain is formed, therefore the size of the masses produced makes part of the evidence that this regulus is not a product of fusion, whatever the Doctor may allege to the contrary; but the Doctor answers "that with regard to the nature of the fire by which the fusion had been produced, I am much mistaken if I imagine that the reduction of the reguline or metallic manganese depends on the intensity of the heat; it depends on the circumstances proper for the separation of the oxygenating principle of the calx," I suppose he means the reduction of the calx of manganese, for the regulin or metallic manganese being already reduced, requires no reduction; then in opposition to the Doctor I do say that the reduction of the calx or separation of the oxygenating principle by fusion so as to obtain a pure regulus does require a very intense heat, and that no known circumstance supersedes the necessity of such heat. This I aver, not only on my own experience, but on that of every chymist in Europe. The words of Bergman are intenensissimo qui in laboratorio parari possit igni exponitur. 2 Berg. 203. he tells us that he himself could obtain only minute discrete reguli; but that Gahn by applying a most intense heat obtained a larger, p. 202. See also Klaproth 1 Chy. Ann. 1789, p. 11. and 3 Gren. § 3409. therefore the size depends on the heat applied. The Doctor cannot surely suppose me a stranger to the necessity of separating the oxygen. I was the first that published the process for the reduction of manganese, in English in the year 1784. Hence the fallacy of his train of reasoning and the injustice of his reproaches are evident.


  P. 258. He reproaches me with not comprehending how coal, an infusible substance, could be spread into strata by any degree of heat, after he had given three 4to pages endeavouring to explain how all the different degrees of infusibility were produced; a sufficient specimen, he says, of my understanding, at least of his theory. He need not, however, confine himself to this specimen, for many other parts of his theory are to me equally incomprehensible, as I have already often noticed; his explanation of this point in particular, I do not yet comprehend, for all coal appears to me infusible, except he means by fusion the intumescence that takes place in certain species of coal from the liquefaction of the bitumen contained in them which makes them cake but not flow, but this partial liquefaction of the bitumen is not a real fusion of the whole compound, but rather similar to that which takes place in borax and some other salts, from water [108] previous to their real fusion, and has never been confounded with it by any correct writer. Now no one that has ever seen coal thus partially liquefied can comprehend how, if the liquefied part were spread ever so widely, it could form strata of a texture and appearance, so totally different as those we behold in coal mines, nor consequently how the one can be identified with the other.


  P. 259. His remarks on my observation on the crystallized trona, continued through five whole pages, are too perplexed and tedious to be here repeated. The upshot of my argument was simply this, supposing that trona is deprived of its water of crystallization, and yet found crystallized (a circumstance which I had then no opportunity of examining), it would only prove that in this particular solitary instance, that alkali was crystallized by fusion, but yet that was not the general mode in which crystallized mineral alkali was produced, for that immense quantities of it were elsewhere found crystallized, but all furnished with the water of crystallization, and therefore from that solitary instance which might accidentally be produced, no general inference could be drawn; since that time I have on examination found that in the instance mentioned by the Doctor, the trona was not deprived of its water of crystallization, but only contained much less of it than usual. The Doctor, p. 163, censures me for not informing him whether those masses of mineral alkali which I said to be crystallized, retaining their water of crystallization were found in what may be properly termed their mineral state, or whether they were transformed from their mineral state by the influence of the atmosphere. In answer to which, I shall tell him, that if he means by a mineral state a subterraneous state, neither they nor the trona were so found; but if he means a spontaneous production of nature in the mineral kingdom, they are found so circumstanced, not produced from any solid mass but from a state of aqueous solution. The mineral alkali found on the sea coast in India, mentioned in the 6th vol. of the Society of Arts, of London, resembles trona in some respects, for Mr. Keir, who examined it, tells us that it is in an intermediate state, between that of crystals, which hold a large portion of water, and that of alkali dried as much as it can be. Ibid 141. it is true that this parcel was marked refined to distinguish it from another sort much more impure, but it does not appear to have undergone any operation of art, in the account given of it, p. 265, &c. The Doctor supposes the granite which I said was formed in the Mole, constructed in the Oder, was nothing more than sand compacted by mud, and regrets I had not been more particular in my Description of it. To satisfy him then, I shall farther add, that it was so compact that it could scarce be separated from the real granite to which it was contiguous by a blow, and could not be distinguished in colour or cohesion from natural granite, even by the most experienced mineralogist; see Prince Gallitzin's 1st Letter to Crell, p. 30, or his Treatise on Minerals, p. 23. Other instances of regenerated granite may be seen in my 6th Essay, article Granite.


  NOTES.


  Native Gold.


  Page 21. Charpentier shews that calcareous earth does not proceed from shells, and is often contemporaneous with gneiss; see his description of Saxony, p. 399. 402. 403.


  P. 25. Siberia, and probably all other primeval traces, whether plain or mountainous, were originally much higher than at present, having been lowered by disintegration, to which primeval rocks are most subject, particularly the highest.


  P. 46. Some secondary mountains appear to have been formed by fluviatile inundations, and disintegration, as the carboniferous, &c.


  P. 79. The earthquake that was felt in Canada in 1663, overwhelmed a chain of mountains more than 300 miles long. Clavigero's History of Mexico, p. 221.


  P. 403. In Mexico, native gold and other metals are chiefly found in secondary mountains or hills. Helm, 300. These are undoubtedly those which I call derivative, having arisen from the accumulation of the disintegrated particles of primeval mountains, as they lie at the foot of, and follow the course of, the primeval mountains.


  Few parts of Spanish America contain masses of sea shells. 2 Clavigero's History of Mexico, English edition, p. 249. These secondary mountains were not therefore formed under the sea, but, like the carboniferous, arose from the disintegration of the primeval. The same may be said of many of the metalliferous mountains of Siberia and Cornwall, which consist mostly of secondary granite.


  P. 414. But in Mexico, sulphurated silver ores occur in mountains of granite, gneiss, and argillite. Helm.


  P. 417. In Guancavelica in Mexico, a vein of cinnabar, 80 yards thick, is accompanied with galena, manganese, and arsenic. Helm.


  P. 420. In Iouricocha near Paseho, a belly of porous brown ironstone is found, half a mile long and 15 fathom in thickness, containing native silver thinly dispersed through it. But in the midst of it there runs a vein of white argil in which the silver abounds. Helm.


  Is it not evident, that the silver originally dispersed in this porous mass was conveyed by water into this argil?


  P. 421. At Maijos, the sparry iron ore is found in secondary argillitic mountains, accompanied with gold, copper pyrites, and galena.


  P. 428. Near Cordova in Mexico, some veins of copper ore are found in mountains of red and grey granite. Helm.


  P. 429. In primeval blue argillite, of which the Cordelieres principally consist, the same ores occur, together with those of gold, silver, and galena, and the sparry iron ore, in veins. The famous argentiferous coniform mountain of Potosi, which is 8 miles in circumference, consists of yellow hard argillite. At La Paz, the highest point of the Cordelieres, there is an auriferous conglomeration of yellow clay and rounded flints, in a fragment of which, that had lately fallen down, lumps of gold, weighing from two to twenty pounds, were found, and some of an ounce weight are still found. Helm.


  P. 431. In conglomerations of marl, gypsum, limestone, and fragments of porphyry, native gold, and silver ores abound in the stratified mountains of Cusco. Also native silver, and compact ores of copper and lead. Helm.


  P. 431. Behind Guancavelica, the argillite graduates into calcareous sandstone, as does this into simple limestone; all equally rich in gold, silver, and mercury. Helm.


  P. 454. Spallanzani has also attempted to prove the heat of volcanoes to be very intense, but he is refuted by Dolomieu, see Magazin Encyclop. An. 2d. Vol. I. p. 226.


  P. 468. Mr. Hatchett, in a paper lately read before the Royal Society, has shewn from the experiments of Mr. Wiseman, that martial pyrites and sulphurated silver ores, are even now formed in the moist way. Phil. Trans. 1799. Nay, silver that has lain long in the sea has been found sulphurated and muriated, though sulphur can be detected in sea water by no test, which proves the truth of Mr. De Luc's assertion, that the sea may contain substances as yet unknown. Mr. Gardener informs me, he has found a coating of gold coloured martial pyrites on the shells of a sort of shell fish called clamp fish, in a creek in East Florida.


  P. 492. It may at least be doubted whether the manganese in question be in its perfect metallic state, as Chaptal in his Chapter on Ores, since published, has omitted it: But if it be found to be so, this proves nothing in favour of Dr. Hutton's Theory, as we may suppose all metals to have been originally formed in their perfect state.


  
    THE END
  


  FOOTNOTES.


  [1] The Prince of Brazil may also participate of the same honourable mention, having, as I am informed, lately sent to explore the natural history of that extensive region. Portugal, in Signor Camera, now possesses real mineralogical ability.


  [2] Perhaps the share which some noted scientific men have lately take in the convulsions of a neighbouring country, may seem to invalidate the above assertion but it should be remarked, that of the votaries to natural knowledge, many became the victims of that direful tyranny, suffering either death as Lavoisier and Diedrich, or exile as Bournon, De Mazieux, La Peyrouse, &c. The few whose names still remain enrolled in the ever execrable annals of anarchy, were nevertheless in reality guiltless of its enormities, being restrained from opposition, by the then all prevailing terror. The pretended philosophic reformers of metaphysics, morality, and politics, and the frantic enemies of christianity alone prepared, excited, and acted those atrocious tragedies, in comparison of which the accumulated cruelties of ancient tyrants, and of pagan and christian persecutions, are lost to the fight.


  [3] This, however, does not always happen, 1 Sauss. 195, for the reason given ibid. 453.


  [4] 1 Roz. 8vo. p. 64. ad Gruber in Carniola. Phy. Arbeit. 2d Stuck. 3.


  [5] Mr. De Luc's opinion that stones were formed by mere deposition, is refuted by Charpentier. Saxony, p. 304, 305.


  [6] Lime water precipitates Silex, from Liquor Silicum, 22 An. Chy. 110. See Saussure, 186.


  [7] Werner kurze Classif. 9, 10. 6 Sauss. 195.


  [8] He shews then to be coeval, p. 396 and ante, and 8 Sauss. 55.


  [9] Phil. Trans. Abidg. 2d Part, 203.


  [10] See Charpentier, 399, 402, 403.


  [11] 1 Act. Petrop. 1777, p 38.


  [12] The Mountains of Chinese Tartary, N.E. of the Chinese wall, have been found, by barometrical measurement, to be 15810 feet, 1 Bergm. Erdkuzel 172. If the mistake amounted to 3000 feet, which is the most that can be supposed, still their height would exceed 12000 feet.


  The ascent to Tartary is such, that some parts of it have been ascertained to be 15000 feet above the surface of the Yellow Sea, 2 Staunton 206. See also p. 508. The mountain that divides Kiangsee province from that of Chantung, the source of the river, is about 7000 feet high.


  [13] Phil. Trans. 1779.


  [14] See also Charpentier's Demonstration of Buffon's Error, p. 399 and 402, &c.


  [15] Shell fish appear to be of all others the most ancient; perhaps the reason might be, that they could live in water more turbid with hetergeneous ingredients, and more fouled with Petrol, than other fish, or because the sea was originally more salt.


  Many amphibious marine animals require the existence of land to produce their young. See 38 Roz. 203.


  [16] I Sauss. 529.


  [16A] Gerh. Gesch. § 77


  [17] 5 Sauss. 293.


  [18] Some interpreters think firmament implies something solid, because the general opinion of the Heathen oriental sages was, that the heavens were solid, as if the true sense of the Hebrew was to be derived from false opinions many ages after Moses.


  [19] See Howard, 219, 220.


  [20] The bones were found in latitude 55°.


  [21] Mem. Paris, 1776, p. 213.


  [22] In many parts of the south sea no bottom can be found. Mem. Philosoph. &c. concernant la decouverte de l'Amerique. Paris, 1787.


  [23] The elephantine remains found in Russia were conveyed thither from Persia.


  [24] The Bay of Galway appears to have been originally a granitic mountain, shattered and swallowed during this catastrophe, for fragments of granite are found on its northern shore, though none in the neighbouring mountains, which are chiefly argillitic. Also a vast mass of granite called the Gregory, lately stood on one of the isles of Arran, 100 feet at least above the level of the sea, 10 or 12 feet high, as many broad, and about twenty in length. Though the whole mass of the island consists of compact limestone, and no granitic hill within 8 or 10 miles of it. This was shattered by lightning in 1774.


  The general motion of the Atlantic is as yet from N. to S. Howard, 355. Staunton's Voyage to China.


  [25] Berg. Jour. 1789, p. 2005.


  [26] Berolding on Mercury, p. 38 and 240.


  [27] Von Salis 171. 3. Nose. 146.


  [28] 10 Naturforsch. 43.


  [29] I have lately seen shells in the basalts of Ballycastle.


  [30] Schwed. Abhand. 1773, 181, &c. 2 Bergm. Erde kugel. 215.


  [31] Allowance should be made for rains as well as for rivers. See Howard's Theory of the Earth, 34.


  [32] See also Mem. Par. 1746, 1119, in 8vo. in notes; and Mem. Par. 1769, p. 500, in 8vo. and 5 Nev. Nord Beytr. 260, for that of Tauria in 1786.


  [33] Mr. Macie, a gentleman of most exact and extensive mineralogical knowledge.


  [34] Ouvres de Hamilton, p. 10.


  [35] Ouvres de Hamilton, p. 11.


  [36] Ponces, 465, 466, &c.


  [37] Ferber Italy, 169.


  [38] Except those of the igneous element.


  [39] For exact contact perhaps never takes place.


  [40] Phil. Trans. 1791, p. 385.


  [41] Italy, 434, 21st letter.


  [42] 2 Gerh. 118.


  [43] Schwed. Abhand. 1770, 195.


  [44] See also Mem. Par. 1721. 343, 8vo.


  [45] Per Nadault, 1 Buffon Mineral. 391.


  [46] Mem. Par. 1746, 1105, in 8vo.


  [47] Ulloa's Voyages, p. 377, Irish edition.


  [48] 6 Roz. 8vo. 3d part, p. 18.


  [49] That the calx is in a caustic state, see Pelletier's analysis. 20 Roz. 422 § 7 and 17.


  [50] See also Flurl Bavaria, 191, 192.


  [51] Haidinger 7. Mem. Par. 1747, 1072.


  [52]3 Bergm.


  [53] Crell Beytr. 3 Stucke, p. 5.


  [54] Faujas Sur les Traps, 66, &c.


  [55]2 Saussure, 135.


  [56] Crell Beytr. ibid. 10, 11


  [57] Ibid. 12.


  [58] I believe there must be some error in Weigleb's analysis, or it was siliceous shistus he analysed.


  [59] If I understand the author right; the text is to me somewhat obscure.


  [60] Doctor Richardson lately discovered, and shewed me, shell in the basalts of Ballycastle.


  [61] Collini Lettres sur les Montagnes, p. 45.


  [62] 4 Soulavie, 306.


  [63] 1 Soulavie, 454, 455.


  [64] See 5 Sauss. 6 Sauss. 127. 25 Roz. 174.


  [65] Wms. 62, &c. 6 Lampe, 50. 2 Gerh. Betyr.


  [66] Morand Arts and Metiers, Voly. 69. 1 Jars, 290. 6 Lempe, 50.


  [67] 8 Buff. in 8vo, 232, 233. Semiprotolite is a reddish sandstone, or breccia, already mentioned.


  [68] 5 Ir. Acad. 275.


  [69] Wms. 114 Gensanne hist. Langued. 36, 37. 8 Buff. Mineralog. 8vo. 230, 231.


  [70] See my Mineralogy, vol. 2, p. 61.


  [71] 2 Gerh. Beytr. 271. Fabroni, 58. Venel. sur la Houille, 37.


  [72] Travels to Dalmatia, Eng. Edit. in 4to. p. 177.


  [73] See 1 Essay, p. 44.


  [74] Morand Art du Charbonier in Descript. des Arts, &c. p. 170.


  [75] Hanbuch der Natur. Gesch. 703.


  [76] Charp. 373, Morand Description des Arts et Metiers, in folio, Charbonier, 58. 1 Jars. 291.


  [77] See the English translation at the end of Born's Letters from Hungary.


  [78] See the Table prefixed to Vol III. of Pages' Voy.


  [79] 1 Monro Min. Waters. 105.


  [80] 33 Schwed. Abhand. 67.


  [81] Mem. Par. 1787, 547.


  [82] Perhaps the soda originally contained in the chaotic fluid helped the solution of siliceous substances, or, rather, maintained it for some time.


  [83] Hence, perhaps, the superior size of the most ancient shell fish.


  [84] Page 66, 8vo edition.


  [85] Page 347.


  [86] 1 Epogues, p. 140, 141.


  [87] Il est indubitable pour tout geologue attentif et éclairé, que la mer actuel est le resudue d'un liquide dans le quel se sont formes tant nos substances minerales que notre atmosphere, il n'est donc pas indifferent davoir present à resprit que ce residue contient encore la magnetic, la terre calcaire, l'acide vitriolique, et probablement d'autres substances tenues que nous ne connoissons pas encore, et dont la connoissance pourr ait nous conduire à des descouvertes sur les opérations passées, &c. 40 Roz. 362.


  [88] 2 Mem. Laus. Part II. p. 5.


  [89] 1 Klaproth, 355, &c.


  [90] As on Bogdo. 2 Descouv. Russes, 30. and in the Crimea. 1 Bergb. 301, 302.


  [91] Mem. Par. 1763 p. 326, in 8vo.


  [92] 3 Descouv. Russes, 83.


  [93] Ibid. 93.


  [94] 3 Berg. 267.


  [95] Lib. v. cap. 19.


  [96] Werner Gange, 150.


  [97] See his first Letter, Vom. Innern der Gebirge.


  [98] Thus Stucke found that 20 oz. of water, or 9600 grains, contained 14 grains of silex. Chy. Untersuch. 119. It was accompanied with aerated magnesia and argil.
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