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  GEOGNOSY.

  


  CHAP. I.


  description of the surface of the earth.


  I. When we take a very general view of 1 the Earth, it appears as a globular solid mass, whose surface is diversified by numerous eminences, of various magnitudes and forms.


  1. Experience teaches us, that the great fossil masses, of which the solid body of the earth is composed, when viewed on the great scale, have a tabular form, and are consequently more extended in length and breadth than in thickness.


  


  2. We also find, that these masses are not always composed of the same materials. Further, the solid parts of the earth are principally 2 composed of Earthy fossils; and the Saline, Inflammable and Metallic fossils occur in very various and remarkable relations, in the greater and more prevalent masses, yet always in such a proportion, that when viewed on the great scale, they do not contribute to the formation of the figure of the earth or its surface.


  


  3. When we examine the surface of the globe more particularly, a certain locality of its inequalities is to be observed. Thus the most considerable inequalities, those, namely, which present the most frequent and the deepest sections and fissures, are always found in the more elevated regions; while in the lower places we observe very few, and by no means such special elevations and depressions. We further observe, that the masses of which the higher and lower parts of the earth are composed, are by no means of the same nature. The elevated, rugged, and very uneven places, are mostly composed of Rocky Masses, which present to the eye rough, bare, and fissured cliffs, mural precipices, and even entire rocky valleys. On the other hand, in the lower parts of the earth, we find in general Earthy Masses, as clay, loam, sand, and rolled stones; but neither cliffs nor rocky valleys, and only single blocks of the materials of the more elevated places.


  The rocks of which the elevated parts of the 3 earth are composed, are also different, according to their local situation. Thus the most elevated parts are principally composed of fossils belonging to the Flint, Clay and Talc genera, as quartz, felspar, mica, and chlorite, and these are usually crystallized. The elevations which are somewhat lower, or those of a middle height, are composed of Clayey fossils. The Calcareous genus here makes its appearance in considerable quantity, and increases very much; so that at length, in the form of gypsum and limestone, it forms the prevalent substance in the lower rocky places. Even in still lower places, we meet with formations of flinty fossils, derived from the rocks that compose the higher parts of the globe, as sandstone. The sand and gravel which occur in still lower situations, are nearly allied to the last-mentioned rocks.


  


  4. There is still another general and very interesting observation to be made, namely, That the remains of organic beings more or less changed, (what are denominated petrifactions), are found embedded in these rocks. These remarkable bodies are generally found in the middle and lower heights of the earth. In the middle heights they are still very rare; but they increase in variety and number, as we approach the lower places, and are at length accumulated in immense quantities in the lowest parts. We also observe, that the 4 organic remains found in the middle heights are totally changed into stone; but the more we descend into the lower places, the more these bodies appear unaltered, or approach to their original state. It is also observed, that the higher places afford different genera and species of petrifactions from those found in the lower; and although we are able to shew the originals of many of those bodies which are found in lower places, as proofs of their origin, there occur in the middle heights some whose originals we are ignorant of. Lastly, we may remark, that in all the situations already mentioned, that is, from the middle to the lowest heights, but particularly in the latter, there are some rocks in which few or no traces of such bodies have ever been found; although, from the local situation of the rocks, we might as readily expect to find petrifactions in them, as in other rocks of the same relative height.


  


  5. When we examine the surface of the earth more particularly, we find that the special inequalities are included in others more general; that these general inequalities are again contained in others still more general; and that at length the whole are included in the most general. These inequalities may be divided into Five Classes or Degrees. The first contains the most general inequalities; these are the bottom of the sea and the dry land. The second comprehends what may be 5 termed low country and high country. The third, which is more special, comprehends mountain groups. The fourth, which is still more particular, comprehends mountain chains and valleys. The fifth and last, which is the most special, comprehends single mountains, and the ravines or valleys between them. We have thus a most beautiful series from the single mountain and the ravine to the great fabric of the High country; and still further to the most general division of the inequalities of the earth's surface, the dry land and the bottom of the sea.


  first degree.


  Dry Land.


  Bottom of the Sea.


  second degree.


  High Land.


  Low Land.


  third degree.


  Alpine Land.


  Plain.


  


  The Mountainous and Hilly Land make the transition from the Alpine Land to the Plain.


  fourth degree.


  Mountain Range.


  Valley.


  fifth degree.


  Mountain.


  Ravine.


  


  We shall now consider each of these 6 inequalities in detail.


  


  6. In regard to the bottom of the sea, we may at present remark, that it is diversified by many inequalities; which, however, are not so special as those on the surface of the dry land.


  The ocean covers about three-fifths of the whole earth, so that there is but a comparatively small portion of it elevated above the surface of the water. Even this does not form a connected whole; on the contrary, it is divided into a number of detached masses, to which geographers have given different names: the larger are denominated continents, the smaller, islands.


  The geographic division of the earth into continents is not quite correct. Thus Europe and Asia, which form but one continent, are by geographers divided into two; whereas America, which forms two very distinct continents, having their natural boundary at the Isthmus of Darien, is considered as one. Europe and Asia should therefore be considered as forming one continent, and America two. Africa, on the contrary, 7 is well characterised as a distinct continent.


  The great inequality of the distribution of the land which is elevated above the surface of the ocean, deserves attention. If we conceive the earth divided into two equal parts by the equator, we shall find a most striking difference in the proportion of land on its north and south sides: the southern half is almost entirely composed of water; but in the northern, the greater portion is land. The proportion of land on the north and south sides of the equator, is as 2/3 to 1/3 It has been also observed, that if the earth be divided by a meridian line, the proportion of land and water on opposite sides is strikingly different; there being always a preponderance of water in the one side, and land on the other.


  This great accumulation of land in the northern half of the globe, suggested to some speculators the idea of the existence of a southern continent; as they conceived it to be impossible that the equipoise of the earth could otherwise remain undisturbed. The illustrious Cook, however, has shewn, that even beyond 71° S. latitude, there is no appearance of a continent; and that these dreary regions of water and ice are only diversified by a few islands.


  


  7. The most general inequalities observable on the surface of the dry land, are, as we have 8 already observed, High land and Low land. By the first, we understand a lofty, uneven, and widely extended mass of land: by the second, a great and widely extended low and flat country.


  In Europe, we find but two high lands and one low land. The one is the great European or Southern; the other the Scandinavian or Northern. The one has its middle point in Switzerland, in the Tyrol, and the Alps of Savoy. Hence it passes through three-fourths of France; traverses the whole of Portugal and Spain; includes nearly two-thirds of Germany; passes through the greater part of Italy; and also part of Hungary and Turkey; and terminates on the borders of the Black Sea. The course of this high land determines that of the great low land. Saxony lies nearly on the border of this low land or plain. It passes through the north part of Saxony, to the East or Baltic Sea. It also passes by the foot of the Hartz Mountains; through the upper part of Westphalia; and further, through the whole of Holland, the Netherlands, and a small part of France: it even reaches the east coast of this island. It extends very considerably towards the north, including in its course Prussia, Poland, and nearly all Russia in Europe; and reaches to the Uralian Mountains, including the greater part of Moldavia.


  The other high land rises in Norway and 9 Sweden; comprehends a portion of Russia; and extends, with some interruption, to the Uralian Mountains.


  High and low lands may be also pointed out in the other continents.


  


  8. Every high land is composed of what may be termed alpine, mountainous and hilly land; and sometimes of small plains. The low land, on the contrary, consists principally of plains; but we find in it also sometimes mountainous and hilly land, and, very rarely, small mountain groups. Here the constituent parts are directly reversed; in high land, the alpine country forms the predominating feature, but in low land the plain is the characteristic appearance.


  


  9. Alpine land is composed of mountain groups, or groups of mountains. Each mountain group consists of a number of inequalities, which are denominated mountains; and these are arranged into series, forming what are termed mountain chains, or chains of mountains. A number of these chains, when joined together in a determinate manner, form a mountain group. Mountain groups are thus excellently distinguished from the other constituent parts of the high land.


  It is of much importance to be able to discriminate a Mountain Group from others on which 10 it may border, or with which it may be surrounded. For facilitating this discrimination, it may be remarked, that Mountain Groups are highest in the middle, and usually become gradually lower and smaller towards the extremities; and that each individual group has a particular direction.


  Mountain Groups are sometimes separated from each other by plains: sometimes by valleys: frequently by mountainous or hilly country.


  


  10. Mountainous land, is composed of mountains that are aggregated into chains; but these chains not connected together by a central or high mountain chain. Hence it never forms groups. It is lower than alpine land; and is often intersected, which is never the case with alpine land.


  


  11. The third constituent part of high land, namely, Hilly land, is much lower than mountainous country, and consists of gentle, rounded, waved-like elevations. These are sometimes arranged into groups.


  


  We have thus a complete series, from the most elevated and complete alpine country, through the mountainous and hilly, to the low country.


  


  12. In regard to the local situation of the 11 constituent parts of high land, we may remark, that Alpine Land forms its principal constituent part, and that this is distinguished from Mountainous and Hilly Land, not only by its frequency, but also by height, and its usually occupying the middle part of the high land; whereas its borders are marked by Mountainous and Hilly Land; thus forming the transition to what is termed Low Land.


  


  13. The fourth constituent part of high land is Plains. These are small, isolated and rare; and hence form but unimportant features in the general aspect of high land.


  


  14. Low land differs very much in its characters from high land. It is principally composed of plains, and sometimes contains flat hilly country, chiefly where it borders on alpine country. Very rarely small mountain groups occur in it, and these always occupy its middle part.


  


  15. As alpine land presents a great variety of particular appearances, it will be proper now to consider its various parts somewhat in detail. When a Mountain Group is viewed as a whole, it appears highest in the middle; and this highest part extends through the whole group, without being intersected. This elevated portion is by 12 geographers denominated the High Mountain Chain, and is one of the most remarkable parts of a mountain group, because Nature appears to have arranged all the other parts as subordinate to it. It is the watershed for the whole of the neighbouring country, and is parallel to the length of the group; hence the extremities of the group are at the same time that of the high mountain chain.


  All the other parts of the mountain group decline on both sides from the high mountain chain; and the inclined planes thus formed, are denominated the fall or acclivity of the group. The lower part of the group, that which borders on mountainous and hilly country, is denominated its foot. When a portion of it extends far into low country, it is denominated a mountain arm. We sometimes meet with small plains on the acclivity of the group, and these may be denominated mountain plains, to distinguish them from those observed in low country. Very considerable heights sometimes occur in the acclivity of the group, but these seldom reach the height of the high mountain chain.


  The concavities or hollows in a mountain group are denominated valleys. The valleys shoot from the high mountain chain, intersect the acclivity of the mountain group, and terminate at its foot. The valleys divide the mountain chains from each other; and by this division is formed all the 13 variety of structure observed in a mountain group.


  The lateral chains shoot on both sides from the high mountain chain towards the foot of the group. Of these lateral chains, some are more considerable than others; the most considerable, that which rises from the middle of the high mountain chain, and reaches to the foot of the group, is denominated the Principal Mountain Chain; the other chains either shoot from the foot of the group towards the principal mountain chain, but never reach the high mountain chain, or they proceed from the high mountain chain, but never reach the foot of the group. The principal mountain chain of one group cannot join with the principal mountain chain of another, nor can the high mountain chain of one group join with that of another. The summit of a mountain is denominated its ridge, and that of the highest mountain chain, the highest mountain-ridge.


  We have nearly the same circumstances to attend to in regard to valleys as to mountain chains; only there is here nothing analogous to the high or middle mountain chain. There are two chief kinds of valleys, namely the principal and lateral, or subordinate. The principal valleys stretch uninterrupted from the high mountain chain to the foot of the mountain group, and those only are principal valleys that reach this point; all the others are subordinate or lateral valleys. These 14 either extend from a mountain chain to a principal valley, or begin from a lateral chain, or the principal mountain chain, and terminate at the foot of the mountain group. Mountain chains are divided into mountains by small valleys or ravines. In the valleys of mountain groups, we have always rivers or streams, but in those of mountain chains, there are either none or small rivulets. The bottom of such valleys has usually a very rapid ascent; they are not deep, and are neither so wide nor so extensive as true valleys, or those formed of ranges of mountains.


  


  16. The different parts of individual mountains must also be described. Almost every mountain has a foot, acclivity, and summit. By the first, we understand the lowest and flattest part of a mountain. It sometimes extends to a considerable distance, and then it rises under an angle of 8° or 10°; when it is less extensive, or has a smaller base, it rises under a somewhat greater angle, but never greatly exceeds 10°. The mountains in wide valleys have generally a considerable foot, but those in narrow valleys are less in extent. Sometimes, as in mountains having a mural ascent, there is no foot.


  


  The Acclivity or Ascent.—By this we 15 understand the space contained between the foot and the summit of a mountain. It is usually the steepest and most considerable part of it. Its inclination is less or more than 30°, and on this depends the greater or less covering of soil. Upon an acclivity of 30° and upwards, we find a good cover of soil; at 45°, however, the acclivity is too great to admit of the growth of trees. Sometimes the acclivity is perpendicular, forming mural precipices; and it is either mural on one, two, or all sides, or in single spots. Granite, porphyry, and sandstone, afford examples of such acclivities.


  


  The Summit.—This is usually the smallest part of a mountain, and its inclination is generally less considerable than that of the acclivity. There occur, however, exceptions to this: thus, there are summits that rise more rapidly than the acclivity; and these are usually very high, almost of equal length with the acclivity, and completely naked. Such lofty and precipitous summits are in Switzerland denominated Peaks. The summit varies considerably in its shape: it is tabular, or round-backed, or obtuse, or acute, or short conical. Generally the shape of the mountain is characteristic of the rock of which it is composed. Thus, gneiss and transition rocks form flat or round-backed summits; Clay-slate conical summits, and basalt and some other rocks short and obtuse conical summits: granite and limestone 16 often present extremely sharp-pointed summits or peaks.


  The summits of mountains are sometimes divided by means of ravines, and these are to be considered as the smallest kind of valley. They form one extremity of the series of which the principal valleys and mountain groups form the other. The inequalities formed on the summits of mountains by these ravines or very small valleys, are denominated caps. A mountain may have many caps, and the highest of these will be the summit.


  


  17. Mountain groups may be considered under five different points of view, namely, according to their length, height, breadth, shape of the mountains, and their connection.


  


  18. Mountain groups, in regard to their length, may be divided into principal, middle, and small.


  A principal mountain group must be at least 130 miles long. They occur but seldom. The Alps of Switzerland, the Pyrenees, and the Carpathians, afford examples of this kind.


  A middle-sized mountain group is from 40 to 130 miles in length. The greater number of European mountain groups belong to this class; as examples, we may mention the Hartz, the Riesen 17 or Giant Mountains, &c.


  A small mountain group is from 10 to 40 miles in length; as examples of it, we may mention the Forest of Thuringia, and the Bohemian Mittelgebirge.


  


  19. Mountain groups, in regard to their height, are by geographers divided into high, of a middle height, and low.


  A high mountain group is above 1000 toises or fathoms in height. In Europe, almost the only examples of this class, are the Alps of Switzerland, Savoy, the Tyrol, and the Pyrenees. In the Alps of Switzerland, the highest point is Mont Blanc, which is about 14,656 feet above the level of the sea. The next in height is Mont Rosa, which is about 14,386 feet above the level of the sea. The Jungfrauhorn is 12,872 feet above the level of the sea. In the Tyrolean Alps, the Gross Glockner reaches the height of 12,239 above the sea. In the Pyrenees, the highest point is Mont Perdu, which is 10,578 feet above the sea.


  The elevations in South America are much more considerable. Thus the Cave of Antisana is 14,802; Tungurague 15,780; Cotopaxi, according to Condamine, 17,712; the greatest height reached by Humboldt on the Andes, and probably the greatest height ever attained by man, 18,186 feet above the level of the sea. Aerostatic travellers are said to have ascended 2000 feet 18 higher. Chimborazo, the most elevated summit in the world, is, according to Juan, 20,280 feet above the level of the sea; according to Condamine 19,302; and more lately, as determined by Humboldt, 19,602 feet above the sea. The preceding measures are in French feet.


  In Asia, Africa and America, there appear to be many Mountain Groups that belong to this division.


  


  20. Mountain Groups of a middle height are from 500 to 1000 toises high. These are not uncommon. In Germany, the Erzgebirge, Fichtelgebirge, Riesengebirge, and Hartz, are of this magnitude. The highest point of the Fichtelgebirge is 3600 feet; of the Hartz nearly the same. The Schneekoppe in the Riesengebirge is 4949 feet above the sea.


  


  21. Low Mountain Groups are from 600 to 3000 feet high. These are the most numerous. The Schwarz-Wald or Black Forest, the mountains between Moravia and Bohemia, the Thuringer-Wald, &c. belong to this class.


  


  22. Mountain Groups, in regard to the breadth of their base, are divided into massive, and longish groups.


  In massive mountain groups, the length 19 and breadth of the base are nearly alike. The Swiss and Tyrolian Alps, and the Hartz, are of this kind.


  In the longish mountain group, the length of the base is very considerable in comparison of the breadth. Of this kind are the Riesengebirge, Erzgebirge, &c. The greater number of groups have this shape.


  


  23. Mountain groups, in regard to the form of the mountains of which they are composed, are divided into common, conical, and alpine groups.


  In the common mountain group, the individual mountains of which the chains are composed are singly aggregated, and are joined nearly to their summits.


  In the conical mountain group, the individual mountains of which the chains are composed, are also singly aggregated, but not joined together higher up than the declivity; so that they appear conical.


  In the alpine mountain group, the mountain chains are composed of pyramidally aggregated groups; hence it is to be considered a double aggregation, whereas the parts of the other two are singly aggregated.


  


  24. Mountain groups, in regard to their connection, are either isolated, or several are joined 20 together, forming a chain mountain groups.


  


  25. Plains, as we have already mentioned, form the principal constituent part of low land; yet there frequently occurs in it flat hilly land, and most rarely low and isolated mountain groups; and the mountains are often isolated, and at a considerable distance from each other.


  The plains of the low land are characterised by particular hollows, or concavities, which are denominated river valleys, or river courses. In these there are to be distinguished the bed of the river, and the holm or haugh land: Further, there are to be observed the high and low bank of the river, and the ravines or small valleys that traverse the high bank, and terminate in the low bank.


  There is still another kind of hollow to be observed in low land; it is that formed by shallow and wide extended lakes, Numerous instances of this are to be observed in the great European low land. The Marc Brandenburg affords many instances of these latter. We further observe, that the plains of the low land are not perfectly level, but are frequently marked with rising grounds, which can scarcely be entitled to the name of hills. They often extend for many miles. They are denominated by German geognosts Landhöhen, when they are nearly of equal length and breadth; and Landrücken, when they have a lengthened form.


  


  26. In mountainous and hilly country, 21 funnel-shaped hollows of different sizes are sometimes to be observed. The smallest kind have been formed by the sinking of rocks, and are peculiar to certain formations. The others are circular valleys: a stream or river usually traverses them, and disappears by a subterranean canal. Hence it happens, that these hollows are sometimes filled with water, and at other times dry. The Lake of Cirknitz is an example of this kind of valley.


  


  27. We obtain a very distinct conception of the surface of the earth, by comparing together the different inequalities that have been described, and we are much as listed in forming this conception, by attending to the course of the water over the earth's surface. We can, by means of the course of rivers, distinguish great portions of the surface of the earth, which are termed river districts by geographers. These districts are generally very wide and flat troughs or concavities, in which the main river occupies the lower, and its exit from the concavity the lowest point of the district. In good maps we can trace out these districts, by drawing lines along the points where the small rivers and rivulets of the district took their rise; and thus we can obtain the boundary of the river district.


  In the high land, river districts form peculiar basons or concavities; and these sometimes form connected series. They are frequently contained in the mountain group, but are more frequently 22 without them; but still in the high land. Thus the Vallais, which is a concavity of this kind, lies between the Alps of Switzerland and Savoy; and the vicinity of Geneva affords another similar example. The river district of the Rhine forms many basons of this kind, in its course towards the ocean. As long as it continues in the Alps, these basons are inconsiderable; but they increase in magnitude as soon as it leaves those elevated regions. The bason in which the Lake of Constance is situated, may serve as an example. A second bason of the Rhine occurs in Baden, where it is increased by many lateral streams. It extends from Upper Alsace to Hundsruck, and the vicinity of Mayence; where the Rhine forces its way through a narrow rocky passage. The river district of the Danube forms a bason in Swabia, several in Bavaria, and one in Lower Austria, but is nearly shut up at Presburg, which forms the entrance into the great valley of Hungary. At the lower extremity of Hungary, the river is again forced to seek its way through a narrow rocky channel at Orosova, which is the only opening from Hungary into Wallachia. It now continues its course through Wallachia, and at length falls into the Black Sea. We have a continuation of these valleys or basons, although still filled with water, in the Black Sea, Sea of Marmora, and Mediterranean. This latter fact is particularly interesting, as it leads to the consideration of the former state of such basons or valleys. 23 Bohemia affords another example of this kind. That extensive country is a great circular valley, whose bottom inclines towards the only opening of the valley, above Konigstein, through which the river Elbe issues, carrying with it nearly all the water that falls on Bohemia. Immediately below this narrow rocky outlet, there is another small circular valley, which extends from Konigstein to Pirna. At Pirna it is nearly closed up, the river forcing its way through a narrow rocky opening, and at length it enters a very beautiful valley, in which the city of Dresden is situated. This valley, as we approach Meissen, which is further down the Elbe, becomes narrow, and the river again flows through a rocky channel, until it escapes into the low country, through which it winds and traverses the flats of Lower Saxony, and is at length poured into the North Sea at Cuxhaven. The river Don, in Aberdeenshire, also passes through several circular or inclosed valleys, in its course to the ocean. At its estuary, the rocks confine it to a narrow channel; but on ascending on it for about a mile, the hills recede from it, so as to form a considerable extent of country on each side. About Inverury it again appears to flow through a channel; and still further up, it flows through another spacious valley. This valley continues for a considerable extent; it at length contracts, and the river flows through another narrow rocky channel. It 24 continues in this channel for a considerable distance, until it again flows through another wide valley.


  In the county of Dumfries there are appearances of the same kind; also in other parts of Scotland.


  Similar appearances are to be observed in almost every quarter of the globe; and many of the lakes we see so abundantly distributed over the surface of the globe, are to be considered as similar basons, but filled with water.


  


  28. Having in the preceding sections described the various inequalities observable on that portion of the surface of the globe which is elevated above the level of the sea, we may now give a short description of the inequalities discoverable on the bottom of the sea, or that part of the globe which is still covered with water.


  From the observations of mariners we learn, that the bottom of the sea has very considerable inequalities, and that these correspond, in many respects, to those observed on the surface of the land. Indeed this must be the case, when we consider that the present dry land was formerly the bottom of the sea. In paragraph 6. we mentioned, that it does not present so great a variety, or so beautiful a system of elevations and depressions as the dry land; and this difference is also easily 25 explained. The submarine land must be exposed, for many ages, to the action of the ocean, and of rain, rivers and lakes, before its surface can agree, in all its features, with that of the dry land.


  When the ground at the bottom of the sea approaches near to the surface of the water, and is pretty level, it is denominated a shoal. It resembles the plains on the dry land; it makes the transition from the Dry Land to the Submarine, and will no doubt one day be changed into a plain. Deep submarine plains also often occur. Sometimes the bottom of the sea has a very uneven surface, and is composed of hills, either of sand and gravel, particularly near the coast, (as is the case on the coast of Holland), or of rocky hills, or of cliffs and other irregularities. The summits of these submarine hills form islands, and these sometimes appear as continuations of the high country on the dry land. We sometimes also meet with great hollows, which are unfathomable.


  The coral reefs that surround the islands in the South Sea and Indian Ocean, are to be viewed as a variety of the shoal surface already mentioned.


  CHAP. II.


  effects of water on the surface of the earth.


  29. Having now described all the varieties 26 of inequality observed on the surface of the dry land, it will be interesting to endeavour to discover how these have been formed.


  Many of the elevations and hollows appear to be original formations, while others seem to be more particularly the effects of the action of the atmosphere and the ocean, and volcanic fire. We shall consider each of these in particular.


  


  30. Water acts either Chemically or Mechanically on the surface of the earth: and it may further be considered, according to its Destroying and Forming effects.


  We shall first consider the Mechanical Destroying Effects of water.


  Every long-continued rain convinces us of the powerful mechanical effects of water on the surface of the earth. The precipitated water penetrates the surface, then flows along mixed with the matter of the soil, and in its course forms small water-courses, and occasions considerable changes in the flat country and the declivities of mountains. As it rains a very considerable portion of the year, and as every rain carries along with 27 it a quantity of the soil, very obvious changes must in this manner be induced on the surface of the globe. Thunder-storms and water-spouts, although more uncommon phenomena, produce more considerable changes, and this either alone, or when their waters join or flow into rivers. These deprive whole districts of their soil to the bare rock; they sometimes even form small ravines, and break down and carry away great masses of rock, that were either formerly much rent, or of such a form, as to be easily overpowered by water. If such changes take place in the low land, they must be vastly more considerable in the high land.


  The thaw-floods that take place in low countries towards the end of winter and beginning of spring, and in mountainous districts during summer, occasion still greater changes on the surface of the earth. Their effects are truly frightful, particularly when accompanied with rain. The declivities in low countries, over which water flows, are less considerable than in high countries; and besides, the water can extend itself farther in low and flat countries; hence its destroying effects are diminished in intensity. In mountainous countries, on the contrary, the fall is much greater than in flat countries, and the water is compressed into narrow rocky valleys; hence it follows, that rain-floods must be more destructive, the more considerable the quantity of water, and 28 the more mountainous the country. These floods are still more destructive, when the mountain rocks are of such a nature, as to afford little resistance to the impetuosity of the water; that is, when they are decomposed, loose in their texture, or have such a shape as to allow the water to act more easily on them. If we compare together all these circumstances, we shall find that mountainous countries are more liable to suffer from the effects of floods, than low and flat countries. To this, indeed, there are exceptions, as in the case of granite, and other rocks that long resist the effects of the most powerful and violent floods.


  The water of these floods, in its progress towards the lower parts of the earth, flows either into ravines, and from these into valleys and beds of rivers; or when it meets with no ravine, scoops out a bed for itself, wherever it meets with a soft yielding rock or a slight hollow. The junction of these mountain-streams with the river of the district not only increases its power by the addition of a considerable quantity of water, but also causes it to overflow its banks, and deluge the neighbouring country, and thus to occasion great changes on its surface. The different loose materials are carried onwards to the sea, and are deposited at different distances from the mouth of the river; and these are proportioned to the magnitude of the masses. The finest or loamy parts reach the sea; the sand, gravel, and larger rolled masses 29 being left on the surface at greater or less distance from the sea, according to the relative magnitude of their parts.


  Many of the valleys on the surface of the earth are formed by this mechanical agency of water; for, on examining them we find that their direction does not correspond to the internal structure of the stone; that the strata and beds on opposite sides of the valleys are similar, but intersected. All valleys, however, are not formed in the same manner; for many and very extensive valleys are formed by mountain groups disposed in a circular form, as is the case in Bohemia, Hungary, Transilvania, &c.; others by the original inequalities of the crust of the earth; some by the unequal deposition of formations, and others by the widening of great rents.


  It is also observed, that numerous rents and fissures, and the fall of great masses of mountains, take place during floods or wet seasons. These falls are occasioned either by the weight of the masses being encreased by the great quantity of absorbed water, or by the diminished cohesion of the parts of the rock effected by the same cause, or by the splitting of great masses by freezing of water, or any other power that interrupts the continuity of the rock, and favours its separation into different masses. The fall of rocks is also occasioned by the softening and removal of subjacent strata or beds 30 by means of water.


  These masses sometimes interrupt the course of rivers, and then form lakes. These lakes in their turn again force a passage through this inclosing barrier, and sometimes so suddenly as to deluge and desolate the lower country.


  In the year 1618, the once considerable town of Plurs, in Graubunden, with the neighbouring village of Schilano, were overwhelmed by an immense mountain mass, which separated with a frightful noise from the south side of the mountain of Corto. In 1678, the sinking of several great masses of rocks in the Pyrenees, caused very violent overflowings in Gascony. In 1714, the west side of the Diableret, in the Vallais, fell down, and covered the neighbouring country with its ruins for two miles in length and breadth, and the immense blocks of stone interrupted the course of the rivers; and lakes were thus formed. Many similar instances are on record in France, Italy, England, Scotland, &c. When the barriers of lakes, in high and mountainous countries, are broke through during great thaws or uncommon floods of rain, tremendous overflowings of the lower country are the consequence, and these indeed almost exceed conception. Immense masses of rock are torn away and carried to an inconceivable distance, and whole countries are desolated.


  The Waller Lake, in the Tyrol, rose so 31 much, owing to the melting of the ice of the neighbouring glaciers, that it broke through its natural barrier; and its water was precipitated with so much velocity and violence into the lower country, that whole valleys and plains were desolated. There are instances of similar emptied lakes in Switzerland, Hartz, Fichtelgebirge, &c.


  The waters of the ocean also act very powerfully in breaking down the land. Its waves and currents are particularly active in these destroying operations. They either hollow out the rocks on the coast into caves of greater or less magnitude, or, by washing away softer subjacent strata, cause sinkings and fallings of great masses of rock. The caves in the islands of Arran and Jura have been partly formed in this manner.


  If many streams act in different directions on the same coast, or in conjunction with land-floods, as is often the case, the destroying effect is very great. Frequently also the power of the flood is increased by ebb and flood-tide. In this manner many maritime countries have been overwhelmed by the sea.


  The Baltic Sea affords examples of these destroying effects; thus the island of Rugen was formerly joined to the continent, but, by the violent action of the sea, has been much diminished in magnitude, and separated from it. The effects it has produced on the coasts of Carniola, Dalmatia and Egypt, are well known. The 32 Zuyder-zee which is contained between the provinces of Holland, Utrecht, Gelders, Overyssel, and Friesland, was formerly part of the continent, through which an arm of the Rhine, named the Flevo, flowed towards the ocean. In the 13th century the sea broke in, covered the whole country, and left only detached portions of the land, which now form the islands denominated Texel, Vlieland, Schelling, Newland, and others, that now serve to defend this sea from the power of the waves of the ocean. This remarkable change is supposed to have been occasioned by a violent land-flood, in conjunction with high tides, and a high wind blowing in an opposite direction to the course of the river.


  Water in the state of ice, also produces considerable changes on the surface of the earth. Thus we often observe masses from a hundred-weight to many tons floated by rivers during thaw-floods, and these frequently break up the banks of rivers, and even tear away immense masses of solid rock. Sea-ice also produces similar effects on coasts, but on a greater scale.


  It sometimes happens, that great fields of ice rise from the bottom, and bring with them masses of rock several hundred tons weight. These masses of stone are embedded in the ice. They are carried along with the ice, and deposited on shores at a great distance from their original 33 situation. This fact will serve to explain the appearance of loose blocks of particular kinds, in situations far removed from their original repository.


  Similar changes are occasioned by the fall of ice from the heights of mountains. When the glacier, or mountain ice, rests on inclined planes, dreadful devastation is caused by it during the time of floods, as it then splits, and is hurled down to the lower country with irresistible impetuosity. The inhabitants of the Alps of Switzerland and Savoy, of Iceland and Greenland, often experience the terrible effects of the fall of these tremendous masses.


  In like manner, the fall of snow produces striking effects. The consolidated snow is often precipitated with great velocity, accompanied with terrible noises, carrying along with it rocks of vast size, and often burying villages under it.


  The freezing of water contained in the fissures of rocks also occasions considerable alterations on the surface of the earth. This is observed most particularly in those rocks that have perpendicular fissures, because these allow the water to enter more easily, and favour the separation of the masses when the water expands during the process of freezing. Hence we find no species of rock more changed by the effects of frost than basalt and porphyry-slate. The Chemical effects of water, particularly 34 the destroying effects, depend on the kind of rock over which it flows; for some allow water to act on them chemically, others do not. Limestone, gypsum, and rock-salt, are more particularly acted on by water than most other rocks. The chemical action of water on limestone and gypsum is shewn by the great proportion of lime or gypsum contained in the waters of countries composed of these rocks.


  By this agency of water, the height of limestone and gypsum mountains is gradually diminished, caves are excavated in them, and the water of such countries is much impregnated with gypseous and calcareous matters. The rock-salt which occurs in hills of gypsum, is often dissolved by the water, and thus cavities of considerable magnitude are formed; and by the continued action of the water on the gypsum, the cavities increase in size, until the superincumbent pressure becomes too great, and then the roof falls in and forms those remarkable funnel-shaped hollows so often observed in gypsum countries.


  


  We have next to consider the Forming effects of water, which are, as already mentioned, either mechanical or chemical.


  It is evident, that every mechanical destruction will be followed by a mechanical formation; for the masses which are separated by the water will be again deposited on the surface of the 35 land, on its shores, or on the bottom of the sea. During land-floods, the water does not always convey its mechanically mixed parts to rivers; on the contrary, it often deposites them in hollow places. Those particles that reach rivers, form sand-banks, particularly in slow-flowing rivers. Very extensive mechanical formations are daily taking place on the coasts, and even in some places at a considerable distance from them, by the waters of the ocean. In the Baltic or East Sea, many appearances of this kind are to be observed. Thus the Bay of Fulbaka, which was navigated with boats within the memory of man, is now filled up, and covered with grass. Several harbours in Lapland that formerly admitted vessels, are now three or four thousand paces from the sea; and at Helsingor there are iron-works in places which were covered by the sea about eighty years ago. The whole of the ancient kingdom of Prussia appears to have been formed in this manner; it is said that the sea reached as far as Culm within the period of human history. The city of Dantzic, several hundred years ago, was close on the sea-shore.


  Similar appearances occur on other coasts. Between the coasts of Norfolk and Zeeland in Holland, there is a great sand-bank where opposite currents meet, and it is probable that this bank will in time form an island, and probably even an isthmus. Much of the country of the 36 United Provinces has been formed by the action of the sea.


  A great portion of the flat country from the mouth of the Rhone to the Pyrenees, is said to be the work of the ocean. The whole tract of country from Pisa to Leghorn, is also a work of the ocean.


  In those parts of the sea where its waters are but little agitated, similar forming eftects are to be observed.


  Where marine currents flow rapidly, and near the coast, they exert a destroying power, but when they act at a distance, a forming power.


  Sea-salt affords us examples of the chemical forming effect of water, as is exemplified in the lakes of the Tauride, in Southern Africa, and many other places. We there observe beds of salt formed by precipitation from the waters of the lakes; and sometimes these beds alternate with others of clay and loam, and vary much in their degree of inclination. Bog iron-ore, which is forming daily, is another example of the same kind of formation. Morass-ore sometimes alternates in beds with peat:, and swamp-ore sometimes occurs in thin beds, covering the more compact kinds of peat. Peat itself may be ranked as one of the substances formed by chemical agency. We have a complete and uninterrupted series from soft peat to the most perfect coal; so that one extremity of this series is still in a state of activity, as is the case with the lowest link of the calcareous 37 family.


  The vast accumulations of calc-sinter found in limestone caves, as in those of Derbyshire, the Hartz, the Fichtelgebirge, Antiparos, Gibraltar, &c. belong also to the chemical formations. Calc-sinter is found usually in inclosed spaces, whereas calc-tuff is formed in open spaces. This substance is deposited sometimes in caves, and frequently in in fissures, forming veins, which are in this manner filled with very compact calc-sinter, and sometimes even with crystallized calc-spar. Calc-tuff is formed, by calcareous brooks emptying themselves into hollows, and thus affording an opportunity for the deposition of their calcareous contents. Near Canstadt in Wurtemberg, streams of this kind incrust every thing in their vicinity with calc-tuff, which approaches more or less to calc-sinter. If such streams flow into situations where the water has repose and time to deposite its calcareous contents, calcareous beds or strata are formed, which are more or less porous. This porosity is increased on the land, by the tuff mixing with reeds and grass. In beds of this substance, skeletons of extinct quadrupeds are met with.


  The preceding detail affords us the following general conclusions: that precipitates are formed from the waters of the globe: that these are of different kinds; as calc-tuff, calc-sinter, calc-spar, meadow-ore, swamp-ore, morass-ore, &c.: 38 that many of these form beds, which are thicker or thinner according as the precipitates have been more or less copious: that these beds are more or less inclined, corresponding in this respect to that of the bottom on which they are deposited: that they also fill up rents or fissures in the strata, and thus form solid and compact veins: that they contain petrifactions of various kinds. These facts also shew, that many chemical formations are still going on, on the surface of the earth, and that many more took place in former times.


  


  31. We shall finish this subject, by mentioning the characters by which substances formed from a state of chemical solution, are to be distinguished from those formed by deposition from mechanical suspension.


  Fossils having foliated, radiated, or fibrous fractures, are most unquestionably formed by precipitation from a state of chemical solution. Nearly all fossils having a conchoidal or uneven fracture, a strong lustre, translucency, even only translucency on the edges, are in general products from chemical solution. On the contrary, fossils the product of mechanical deposition, are opaque, friable, dull, earthy, and sometimes also somewhat indurated. We frequently observe, intermixed with this mechanical deposit, foreign particles that are either fragments or rolled pieces. In one and the same mechanical formation, 39 we observe a gradation in these parts in regard to their magnitude. Thus they occur as pebbles, gravel, and sand, and the finest as loam and clay. We sometimes, however, observe substances that are partly of a mechanical, partly of a chemical formation. Thus there is a kind of sandstone whose basis or connecting matter is quartz; so that we have in this instance a mechanical and chemical formation in the same rock.


  The destroying and forming effects of volcanic fire on the surface of the earth, will be considered when we come to treat of Volcanoes.


  CHAP. III.


  internal structure of the earth.


  32. Having in the preceding Chapters described the various inequalities observable on the earth's surface, and stated the means which nature appears to have employed in forming them, we come now to the consideration of the second branch of Geognosy, which makes us acquainted with the Internal Structure of the earth.


  At first sight the solid mass of the earth appears to be a confused assemblage of rocky masses piled on each other without order or 40 regularity: to the superficial observer, Nature appears, in the apparently rude matter of the inorganic kingdom, as presenting us only with a picture of chaos, where none of those admirable displays of skill and contrivance, which, in the structure of animals and vegetables so powerfully excite our attention, and claim our admiration, are to be observed. It is not surprising that this unfavourable opinion should have long continued to be prevalent, when we consider the experience, skill, and judgment which are necessary for enabling us to unravel all the variety of apparently unconnected relations, which are observable in the internal structure of the earth. In ancient writers, we find nothing on this important subject. The striking phenomena of volcanoes appear frequently to have excited wonder and astonishment, which were always substituted for investigation.


  After the revival of letters, when science had assumed a more favourable aspect, and mines came to be worked by freed men, the objects of the mineral kingdom excited a considerable share of attention; the numerous interesting phenomena, which daily presented themselves to the miner, were carefully remembered, and at length recorded by the celebrated miner Agricola. From that period, until the time of Werner, mineralogists brought to light many individual, and a few general facts respecting the structure of the earth. Lehman first pointed out the great natural 41 division of mountains into Primitive and Secondary: Cronstedt ascertained the age of several mineral repositories: Hamilton described the phenomena of volcanoes: Dolomieu made us acquainted with the structure and materials of volcanic hills: Saussure enlarged our geographic knowledge of rocks: and an excellent observer, our countryman Williams, made many useful observations on the independent coal formation.


  Notwithstanding the labour of these industrious observers, our knowledge of the internal structure of the earth was still very limited and confused. Although observations had been made in very distant countries, and similar rocks discovered in a variety of the most widely distant situations, yet no successful attempt had been made to generalise these appearances, so as to discover the general structure of the earth, and its mode of formation. Saussure made the attempt, but neither his information nor his ability seems to have been equal to this task. He was also unacquainted with many facts which would have assisted him; and his attention was too much occupied with particular and local appearances, to effect what has been since so fully accomplished by the comprehensive mind of Werner.


  That illustrious mineralogist, to whom we owe almost every thing that is truly valuable in this important branch of knowledge, after the most arduous and long-continued investigation, 42 conducted with the most consummate address, discovered the general structure of the crust of the globe, and pointed out the true mode of examining and ascertaining those great relations, which it is one of the principal objects of Geognosy to investigate. It is the series of observations, made during that investigation, which we are now to detail. We should form a very false conception of the Wernesian Geognosy, were we to believe it to have any resemblance to those monstrosities known under the name of Theories of the Earth. Almost all the compositions of this kind are idle speculations, contrived in the closet, and having no kind of resemblance to any thing in nature. Armed with all the facts and inferences contained in these visionary fabrics, what account would we be able to give of the mineralogy of a country, if required of us, or of the general relations of the great masses of which the globe is composed? Place one of these speculators in such a situation, and you will immediately discover the nature of his information, and he himself will find that he knows nothing; that he has been wandering in the mazes of error; and that, however easily he may have been able to explain the formation of this globe, and of the whole universe, he cannot give a rational or satisfactory account of a single mountain.


  The descriptions and inferences we are about to detail, can only be fully understood, and the gratification derived from them completely 43 enjoyed, by an intimate acquaintance with Nature herself, not in cabinets alone, but in mines and among mountains. On descending into mines, we are not only gratified by displays of human ingenuity and skill, but we also receive much information respecting the structure of the earth, and the changes it has experienced during the different periods of its formation. Our researches on the surface of the earth, on the other hand, often lead us among the grandest and most sublime works of nature; and amid alpine groups, the geognost is, as it were, conducted nearer to the scene of those great operations, which it is his business to explore. In the midst of such scenes, he feels his mind invigorated; the magnitude of the appearances before him extinguishes all the little and contracted notions he may have formed in the closet; and he learns, that it is only by visiting and studying these stupendous works, that he can form an adequate conception of the great relations of the crust of the globe, and of its mode of formation.


  


  33. Nature appears, in her formations, frequently to proceed from the most special to the most general; or, we observe the most general, including a series of gradually-diminishing subordinate differences. In the Oryctognosy, many instances of this occur, as in the distinct concretions, fracture, and external surface. It is even more strikingly the case in what regards the internal 44 structure of the crust of the earth. When we take a general view of the structure of the fossil masses of which the crust of the earth is composed, we discover an uninterrupted series of structure, (increasing in magnitude, and including the more special), from the simple fossil, to that great frame which constitutes the crust of the earth.


  The examination of simple fossils, however, is the business of the Oryctognost; the structure of aggregated fossils, of which by far the greatest portion of the earth is composed, belongs to the Geognost.


  There are four different kinds of structure to be observed in the crust of the earth.—The first is, that which is to be observed in hand specimens; it is the smallest kind of structure, and occurs in what are termed Mountain-Rocks or Stones.—The second kind of structure, or that of Mountain-Masses, is more on the great scale, and is not to be observed in hand specimens, but only in single masses of rock. To this structure belongs stratification, and the seams of distinct concretions.—The third kind of structure is that of Rock-Formations, or those great masses of which the crust of the earth is composed. To examine this kind of structure, we must traverse considerable tracts of country.—The fourth kind of structure, is that of the Earth itself, which is formed by the junction of various formations. To examine this structure, we must travel through many countries.


  We have thus a geognostic series of 45 structure from hand specimens, which can be examined in the closet, to that which can only be known by travelling through many countries.


  We shall now describe the different kinds of structure, in the order already mentioned.


  


  34. Structure of Mountain-Rocks.


  Mountain-Rocks or Stones are either simple, or aggregations of simple fossils. In the one case, they are denominated Simple mountain-rocks or stones; in the other, Compound mountain-rocks or stones.


  Limestone, Clay-slate, and Serpentine, are examples of Simple Mountain-rocks or Stones. When fossils occur disseminated through simple mountain-rocks, they are to be considered as accidental, and do not entitle us to consider such varieties as distinct species of rock.


  Compound mountain-rocks or stones are either cemented or aggregated. This distinction is founded on the mode of their formation. The cemented grains or masses have not been formed on the spot where they are now found, but have been carried thither, and connected together by a cement. To this class belongs Sandstone, Pudding-stone, and different kinds of fragmented stones.


  In aggregated mountain-rocks or stones, their present structure is their original one, and the parts of which they are composed have been formed on the spot where we now find them. Their 46 parts are immediately connected together; hence this structure is termed aggregated.


  Aggregated mountain-rocks or stones are either determinately or indeterminately aggregated. The parts in the indeterminately aggregated, are irregularly and confusedly joined together. This kind of structure has been hitherto observed only in old serpentine, where limestone and serpentine are so conjoined that it is difficult to say which predominates, and where the one sometimes incloses the other.


  The determinately aggregated structure presents a number of subordinate differences. It is either simple or double aggregated. The simple-aggregated contains two subordinate kinds: In the first, the fossils are connected together in such a manner that one serves as a basis for the other, which is included in it; and it also contains two subordinate kinds. These are denominated the porphyritic and amygdaloidal. In the second, all the parts are immediately connected, or joined together; and here we have also two subordinate kinds, the granular and slaty.


  The double aggregated includes five subordinate kinds: These are, 1. Granular-slaty. 2. Slaty-granular. 3. Granular-porphyritic. 4. Slaty-porpbyritic; and, 5. Porphyritic and amygdaloidal. The first four kinds of double aggregated structure comprehend one structure in another, so that, as the denominations intimate, a smaller 47 structure is contained in a greater. In the fifth, or last kind, one does not include the other; but, as the denomination expresses it, they are placed near or beside each other.


  We shall now describe each kind in particular.


  Simple-aggregated Structure.


  1. Porphyritic structure.—When one of the constituent parts of the mountain-rock is dispersed through a basis, in the form of grains or crystals, the rock presenting this appearance is said to be porphyritic. Common Porphyry, Porphyry-Slate, and Gypsum containing crystals of quartz, may be mentioned as examples of this kind of structure. The crystals or grains are here of cotemporaneous formation with the basis, and not mechanically mixed, as some have maintained.


  2. Amygdaloidal structure.—When vesicles are dispersed through a basis or ground, and are sometimes empty, encrusted, half filled, or completely filled, such an appearance is denominated amygdaloidal.


  The Amygdaloid, is the principal example of this kind of structure. Its basis approaches more or less to basalt or greenstone; when it is much iron-shot, it becomes harder and more solid. The vesicles appear to originate from air bubbles, and have been afterwards more or 48 less filled up with different fossil substances: hence the intermixed parts are of a posterior origin to the basis in which they are included,—a character that distinguishes Amygdaloid from Porphyry. The fossils that usually fill these vesicles are lithomarge, zeolite, steatite, chalcedony, agate, heavy-spar, and calc-spar. Those filled with agate and chalcedony, present many interesting phenomena. Of these an account has been given in the Oryctognosy. We may mention, however, that the amygdaloidal chalcedony of the Vicentine contains water.


  Werner remarks, that the basis of amygdaloidal mountain-rocks is the coarsest part of the precipitation, and that the vesicles have been filled by the remaining solution, or by a filtrating fluid that contained a finer solution.


  3. Granular structure.—In this kind of structure the parts have almost equal dimensions, being nearly alike in length, breadth, and thickness, aggregated together, and of nearly cotemporaneous formation; as Granite, Gneiss, and Sienite.


  4. Slaty structure.—The constituent parts of this kind of structure lie flat, and their length and breadth are more considerable than their thickness. They are in some degree tabular; and being aggregated, their constituent parts are of 49 cotemporaneous formation, as Gneiss, Mica-slate and Greenstone-slate.


  Double-aggregated Structure.


  1. Granular slaty—is a regular and double aggregated structure, which is slaty in the great, and granular in the small. Gneiss is a good example. Here the mica is regularly disposed in the direction of the slaty structure; but the quartz and felspar, on the contrary, are generally granularly, aggregated, forming the granular texture;


  2. Slaty-granular-structure—is slaty in the small, and granular in the great. The only example of this kind of structure is the Topaz-rock of Schneckenstein, in Voightland, in the electorate of Saxony. It is composed of large granular masses, which have a slaty structure; the slates consist of fine granular quartz, thin columnar schorl, and small granular topaz. In the drusy cavities that occur between the large granular concretions, lithomarge, crystals of topaz, and schorl, sometimes occur; the shorl, however, is but rarely crystallized.


  3. Granular-porphyritic structure.—This kind of structure is granular in the small, and porphyritic in the great. When large and distinct crystals of felspar appear dispersed through a granular base, as is often the case with granite, sienite, 50 and greenstone, this kind of structure is formed.


  4. Slaty-porphyritic.—This kind of structure is slaty in the small, and porphyritic in the great. The basis is slaty, and the porphyritic structure is formed by interspersed crystals or grains of fossils, different from the basis. Mica-slate, when it contains grains or crystals of garnet, is said to have a slaty-porphyritic structure.


  5. Porphyritic and Amygdaloidal.—Here two kinds of structure are placed together. It occurs in many amygdaloidal and porphyritic stones. When Amygdaloid contains, besides the eliptical-shaped masses, also crystals of hornblende and mica, it is then said to have an amygdaloidal and porphyritic structure; the amygdaloidal being the predominant. In Basalt, on the contrary, where the two kinds of structure sometimes occur, the porphyritic is the predominating. Green Porphyry, although rarely, sometimes possesses such a double structure.


  35. Structure of Mountain-masses.


  In the next kind of structure, that of 51 Mountain-masses, we have two principal kinds of structure to describe. These are the stratified structure, or that of strata; and the seamed structure, or that of distinct concretions.


  Stratified structure.—When a mountain or mountain mass, composed of one species of rock, is divided by means of parallel seams into masses whose length and breadth are greater than their thickness, or into what may be denominated Tabular Masses, which extend through the whole mountain, it is said to be stratified, and the individual masses are termed strata. Of this kind of structure we have instances in Granite, Limestone, Clay-slate, and Mica-slate. But if the mountain or mountain mass, consist of an alternation of different rocks, as of clay-slate and greenstone, or of gneiss and limestone, it is said to be composed of beds. The seams that separate the strata are named strata-seams, or seams of stratification.


  Strata are in general from four to six feet thick in the older formations; but less considerable in the newer. They also vary very much in their position. The examination of this appearance of strata is of great importance to the geognost and mineralogical geographer.


  The position of a stratum is determined by 53 observing its inclination, dip, and direction.


  The inclination is the angle which the stratum forms with the horizon, and is determined by the quadrant.


  The dip is the point of the compass towards which the stratum inclines.


  The direction is the angle which the stratum makes with the meridian, and is determined by the compass. It is always at right angles to the dip.


  In making observations of this kind, it is of the greatest importance to distinguish the general direction and inclination, from the partial. To effect this, we must take the results of a number of particular observations, and compare them together; and those similar angles which are the most numerous, are to be considered as expressive of the general inclination and direction. It sometimes happens, that this general position has also its variations; these must also be attended to and noted. An acquaintance with the shape of a mountain group, will assist us very much in such investigations, as it is intimately connected with the general disposition of the stratification of the masses of which it is composed. It is also of importance to know the fall or declivity of a mountain group, as its direction and inclination are generally conformable, particularly in the older formations, with that of the superimposed masses. 53 Sometimes, indeed, there are exceptions to this rule; but these are easily explained.


  It is often very difficult to determine, whether the rock we are examining be stratified or not, and when the seams of stratification are hid, to know the direction of the strata. The following observations will be useful in removing some of the difficulties attending such investigations.


  1. Strata are almost always parallel with the slaty structure of the stone. In certain porphyritic granites, the crystals of felspar appear to lie parallel with the strata; the latter character, however, is by no means so decisive as the former.


  2. Strata can only be formed by parallel seams, which have the same direction and extent through the mountain mass. Where parallel rents occur in different directions in the same species of rock, as in granite, sandstone, limestone, &c. it is evident that they are to be considered as accidental.


  3. The seams of tabular distinct concretions, which are often of considerable extent, must not be confounded, with strata seams, because their extent is not so considerable; and in each group of concretions the direction is different.


  4. Where parallel rents have a different direction from the slaty structure of the stone, they are certainly accidental. Inattention to this 54 circumstance, has led several mineralogists into error. I observed a striking instance of these rents in a quarry of gneiss, in the Forest of Tharand, in Upper Saxony. The gneiss, at first sight, appeared to be disposed in vertical strata, and as such it was viewed by De Luc: on a closer examination, however, the apparent vertical seams proved to be merely accidental parallel rents, perpendicular to the slaty structure of the stone; therefore the strata were horizontal, not vertical.


  5. Beds are always parallel with the strata; these, therefore, point out the direction of the strata.


  6. Although the slaty structure points out to us the direction which the strata must have, it does not follow, that a rock having a slaty structure is stratified.


  7. In sandstone, limestone, and rock salt, regular and very extensive stripes are sometimes observed, which have been confounded with true seams of stratification. An attentive examination, however, always discovers them traversing the real strata seams. Von Buch, in his description of Landeck, and geognostical observations made in Italy and Germany; and Friesleben, in his observations on Thuringia, describe striking instances of stripes resembling strata-seams.


  Strata vary very considerably in the 55 angle which they form with the horizon; they occur from horizontal to vertical, but the general inclination is between horizontal and 45°. The differences are either original, or have been produced by subsequent changes.


  In strata composed almost entirely of mechanical depositions, any deviation from the horizontal position is generally to be considered as caused by a change of original position. We must be careful, however, not to confound highly inclined strata of sandstone, with accidentally changed strata. This sandstone is in its original situation, and it owes this situation to the great portion of chemically dissolved matter combined with it, and the inclination of the bottom on which it is deposited. It may be said, that the bottom on which it rests has been forced up while the strata were soft, and has thus given them their present situation; but this explanation will not suffice, as these strata sometimes rest on walls of clay-slate; sometimes on loose sandstone; sometimes on faces composed of horizontal beds of sandstone. In strata composed of chemical precipitates, all the variety of inclination depends on the inequality of the bottom. If the bottom be very much inclined, so are the strata; if it be very flat, the superincumbent strata are also flat.


  It is therefore a fact, that all inclined strata, with a very few exceptions, have been formed so originally, and do not owe their inclination 56 to a subsequent change.


  Respecting the formation of strata and beds, many opinions have been proposed. Werner's explanation is satisfactory. He remarks, that strata and beds appear to be particular and individual depositions from a state of solution or suspension in water.


  The stratified structure, as may well be supposed, occurs in many different rocks, and, in a more extended view, probably in all. Gneiss, Mica-slate, and Clay-slate are always stratified; Granite frequently; Sienite sometimes stratified, sometimes unstratified: Porphyry is seldom stratified; Primitive-Limestone occurs both stratified and unstratified: Flœtz-Limestone, Sandstone, and Chalk, are most distinctly stratified.


  When we examine the structure of a mountain, we must be careful that our observations be not too micrological, otherwise we shall undoubtedly fail in acquiring a distinct conception of it. This will appear evident when we reflect that the geognostic features of Nature are almost all on the great scale. In no case is this rule to be more strictly followed than in the examination of the stratified structure.


  By not attending to this mode of examination, geognosts have fallen into numberless errors, and have frequently given to extensive tracts of country a most irregular and confused structure. Speculators building on these errors have 57 represented the whole crust of the globe as an irregular and unseemly mass. It is indeed surprising, that men possessed of any knowledge of the beautiful harmony that prevails in the structure of organic beings could for a moment believe it possible, that the great fabric of the globe itself,—that magnificent display of Omnipotence,—should be destitute of all regularity in its structure, and be nothing more than a heap of ruins.


  


  36. Seamed Structure.—This structure is formed in those cases where there are seams which are parallel in one direction, but intersect each other in another. The most striking example of it is the columnar. The columns are sometimes regular, sometimes approach to the globular form, and occur even curvated. They are from a few inches to many fathoms long, the length being determined by the direction of the seams in one direction. In the islands of Stassa and Eigg there are admirable examples of this kind of structure. These columns are sometimes collected into groups, and such groups are often separated from each other by seams or rather rents, which render them, more distinct. Such groups may be considered as immense distinct concretions. The columns of such a group often tend towards a centre, others are parallel or perpendicular, some are horizontal; and all this variety sometimes occurs in the same hill. The columns are sometimes 58 jointed, so that the convex extremity of the one column is fitted to the concave extremity of the other; and these columns are usually composed of globular distinct concretions. These globular concretions are composed of curved lamellar concretions. The spaces between the different globular concretions are composed of a looser matter than the concretions themselves; and it is by the falling out of this less compact substance that the structure of such columns is first developed.


  No rock shews this kind of structure more distinctly than Basalt: in it we have all the varieties of the seamed structure, from the smallest, which is the lamellar distinct concretion, to the largest, which is formed by the grouping of columns.


  This kind of structure occurs also in Porphyry and Greenstone. Lava never presents any of the varieties of the seamed structure; a negative character which sufficiently distinguishes it from greenstone or basalt, with which it has been confounded.


  Another kind of seamed structure which deserves to be described is the tabular seamed structure. It is distinguished from the lamellar by being always straight and much thicker. It is generally from three to nine feet in length, and rarely thicker than two or three inches. Basalt, in the lower parts of an individual deposition, has often this kind of structure. At first sight it is not unlike stratification. It also occurs in columnar 59 porphyry.


  The last or third kind of seamed structure, is the large globular or massive, in which all the dimensions are nearly alike. It occurs alone, (that is, without any other kind of structure), and is from one to three or more fathoms in diameter. The larger balls shew lamellar distinct concretions, which, we may observe, are always more solid the nearer we approach the centre.


  The roundish balls of granite found dispersed over low countries, have been considered as bowlder or rolled stones, and many theories have been formed to account for their transportation. The granite of the island of Arran presents this kind of structure.


  Structure of Formations.


  37. By a Rock-formation we understand a determinate assemblage of similar or dissimilar rock-masses, which are characterised by external and internal relations as an independent whole, that is, as an unity in the series of rock formations. These masses are either simple or compound. When the mass is uniform throughout, as is the case with Limestone, or Sandstone, it constitutes what may be denominated a simple formation. Granite, Gneiss, and Mica-slate, are also of this kind. When dissimilar masses occur in a formation, 60 as in the case of Black-coal and Flœtz-trap, it is said to be a compound formation.


  Similar rocks are often repeated in very different periods. Each of these individual depositions is a particular formation, and the whole is denominated a series or suit of formations. Thus there is a Limestone, a Porphry, a Slate Suit, &c.


  


  38. It is a determinate character of certain formations, to constitute the principal mass of the mountain in which they occur; this is the case with Gneiss, Clay-slate, Porphyry, and others. With other formations, on the contrary, it is as essential a character to occur only in single beds in the others, and these are said to be embedded. The Older Porphyry, Limestone, and many others, are of this kind. When, such individual beds occur in different principal formations, (that is, are not confined to a single one), as Primitive Limestone and Primitive Trap in Gneiss, Mica-slate, and Clay-slate, &c.; when they, as is the case with these, form single independent wholes, which always continue the same, notwithstanding the difference of the rocks in which they are embedded; and lastly, when they form members of a series of formations, as is also the case in these instances; they are to be considered as independent formations. If, on the contrary, they are confined to one Rock mass; if they bear no marks of a whole; and lastly, if they are connected with no series or suit of 61 formations, they are associated with the formation in which they are embedded, and it is said that they are subordinate to it. Roestone in the Second Sandstone Formation, and Copper-slate in the First Flœtz-Limestone, are examples of this kind. Beds composed of various fossils sometimes occur in different rock masses. These fossils are usually those of which the rock mass is principally composed, irregularly mixed, or are simple stones. Such beds are usually very irregular, do not extend through the whole rock mass, and in general exhibit apparently great irregularity in all their relations. They are not alone capable of any discrimination, and are referred to the rock in which they occur. They have been, but rather improperly, denominated foreign beds. When single beds are well distinguished by the kind of stone of which they are composed, and if their composition shews certain peculiarities, (as, for example, the determinate presence of metallic fossils, &c.), they are referred to the particular repositories, which we shall afterwards consider particularly. Beds of Iron-pyrites and Magnetic Ironstone are of this kind.


  Structure of the Crust of the Globe.


  39. The fourth and last kind of structure 62 we have to describe, is by far the most extensive and important. It is the structure of the crust of the globe itself, in so far as it is composed of Rock-Formations of different magnitudes, laid over each other in certain directions.


  Under the five following heads, Werner comprehends every relation respecting the extent and relative position of Formations in general.


  


  1. The original extent of formations.


  2. Their present extent and continuity.


  3. The position and direction of the strata of formations, in respect to the fundamental rock.


  4. The direction of the strata themselves, without reference to the fundamental rock.


  5. The relation of the outgoings of the strata to the exterior of the mountain.


  


  It may be previously remarked, that when one formation lies on another, it is said to rest on it, and the rock on which it rests is termed the fundamental rock; and the plane which separates the fundamental rock from the formation that covers it, is denominated the plane of separation, which is always parallel with the seams of the strata.


  1. The original extent of Formations.


  Werner observes, that the greater 63 number of formations have been universally deposited; and these he denominates Universal Formations. A very few, however, are to be considered as exceptions; and these he terms partial or anomalous formations.


  Universal Formations extend around the whole globe, (not, however, without interruption), and constitute by far the greater part of the mass of which its crust is composed. Almost all the primitive, transition, and flœtz formations, are universal depositions; of these we may mention Granite, Gneiss, Porphyry, Limestone, and Basalt.


  Partial Formations occur only here and there, and in single spots, and accompanied with appearances that indicate the partiality of their deposition. Thus, at Wehraw, in Lusatia, there is an excellent example of a partial formation. It consists of Sandstone, Limestone, Bituminous-shale, and Iron-clay; and these rest on loose sand. The sandstone resembles in many respects that found in other sandstone formations; yet it does not belong to any of them, as is evident from its position, and the rocks with which it is associated. Werner conjectures that it may have been formed by a small and partial flood.


  The examination of these partial appearances is of much importance, not only in extending our knowledge of the variety of formations, 64 but in connecting the history of the earth more nearly with that of man.


  2. The present extent and continuity of Formations.


  The present extent and continuity of formations is very different from what it was originally. We find them either extended uninterruptedly over great tracks of country, or they appear isolated, of little extent, and frequently resembling partial formations. In the one case, they are said to be unbroken, in the other broken. The broken formations occur in small detached masses; and these have peculiar denominations, according to their position and shape.


  When detached portions occur on the summits of hills, these are called caps. When portions occur, filling up hollow spaces between mountains, they are denominated upfillings. And when a portion occurs only on one side of a mountain, it is said to be shield-formed, or to have the shape of a shield.


  3. The Position and Direction of Strata in regard to the Fundamental Rock.


  When strata have the same direction as the fundamental rock, they are said to be conformable with it; if the direction is different, they are said, to be unconformable. If they differ only in direction, we say that they are Simply unconformable; but if they differ not only in direction, 65 but lie over the ends of the strata of the fundamental rock, they are said to be unconformable and overlying. Overlying strata occur more frequently than simply unconformable, and have far greater extent.


  4. Direction of the Strata themselves, without reference to the Fundamental Rock.


  Strata are either straight, that is, disposed in one direction on the fundamental rock; or they turn around it, and inclose it; in this case they are said to be mantle-formed, or mantle-shaped. If the strata are not only wrapped around the fundamental rock, but also cover its extremities, they are said to be saddle-shaped.


  When the upper part of the saddle-shape is carried away, the mantle-shape is formed.


  Strata are sometimes concave, and they are then said to be basin-shaped; but if the concavity be oblong, they are named trough-shaped. In the concave, that is, the bason and trough shaped, and convex, that is, the saddle and mantle shaped strata, the outgoings[1] form circles: in the concave, the outer and greatest circle is the 66 oldest; in the convex, on the contrary, the outer and largest circle is the newest.


  5. The relation of the outgoings of the strata to the exterior of the mountain.


  We have to consider first, the relation of the outgoings of strata to mountain-masses of considerable extent; and, secondly, to mountain-caps.


  In mountain-masses, the strata either cover each other completely, or the outgoings are open and exposed. When the outgoings are exposed, the newer strata have a rising or sinking level.


  There are three different kinds of mountain-caps: In the first, the cap rests on a fundamental rock: the seams of the strata are parallel with the plane on which the strata rest, and these are unconformable and overlying: the second kind of cap is formed by a rock rising through the surrounding strata: and the third kind of cap is formed by portions of harder beds remaining after the superincumbent and softer strata have been carried away.


  In the first, the rock is unconformable and overlying. The Flœtz-trap and Porphyry formations afford numerous examples of this kind of mountain-cap.


  In the second, the newer strata are mantle-shaped. Granite often occurs in caps of this kind.


  In the third, all the strata are 67 conformable, so that the subjacent and superincumbent strata have the same direction with the bed which forms the cap. Primitive greenstone in clay-slate, sometimes forms caps of this kind.


  [image: Table 1]



  CHAP. IV.


  general account of the different formations, in regard to their succession and stratification, and this illustrated by a short description of the hartz and the saxon erzgebirge.


  40. There is a great class of rocks which lies under every other, but never over any of them; it is therefore the oldest, and, as far as we know, the first formed. It is denominated the Primitive Class. The rocks belonging to this class have a crystalline appearance, intimating, that they have been precipitated from a state of chemical solution. They are principally composed of siliceous, argillaceous and magnesian earths. Granite, Gneiss, Mica-slate, Clay-slate, 68 Serpentine, Porphyry, and Sienite, are of this kind. Of these Granite is the oldest, and Sienite the newest.


  To this succeeds another considerable class of rocks, which Werner denominates Transition. In this class, which is principally composed of chemical productions, mechanical depositions first make their appearance, but in the earlier part in inconsiderable quantity.


  Limestone first occurs in considerable quantity in this class.


  Grey-wacke, Grey-wacke Slate, and Transition Limestone, are the predominating rocks of this class.


  Still newer, and consequently lower, than the transition class, is the extensive class of Flœtz Rocks. Here mechanical deposits occur in great quantity, and the proportion of chemical precipitate decreases. The principal rocks are Limestone and Sandstone: to these may be added, Gypsum, Salt, and great accumulations of inflammable matter in the state of Coal.


  Still newer and lower is the class of Alluvial Rocks, which are almost entirely composed of mechanical deposits. Sand, Clay, Loam, and Coal, are the principal earthy masses that belong to this class.


  The newest of all, is the class of Volcanic Rocks. Different kinds of Lava and Tuff include nearly all the variety of rocks belonging to this class.


  A comparison of these different classes 69 teaches us,


  1. That the older rocks are principally composed of Siliceous, Argillaceous, and Magnesian earths.


  2. That the Primitive parts of the crust of the earth are entirely Chemical productions; whereas in the Newer and Newer, we find a beginning and increasing quantity of Mechanical depositions.


  3. That Limestone occurs but sparingly in the Primitive, more abundantly in the Transition, and in the Flœtz class in immense quantity.


  4. That in the earlier periods we meet with no Bituminous or Saline matters, but that these occur in great quantity in the newer formations.


  


  41. The preceding observations point out how the classes of rocks are related to each other, in regard to succession. We shall next state how they are related to each other in regard to stratification.


  In the First Class, we observe several rocks always disposed in conformable and unbroken stratification, and in which the newer and newer strata have always a lower and lower level. Gneiss, Mica-slate, and Clay-slate, are of this kind. The granite stretches under them uninterruptedly, and sometimes rises up through them, or juts up in the form of single caps or great masses; so that the gneiss and other rocks are disposed on its surface, sometimes in a concave, sometimes in a convex direction; sometimes saddle-shaped, and frequently mantle-shaped. It is evident 70 from these relations of the strata, that granite will frequently form the greatest heights on the surface of the globe.


  Porphyry has a very different kind of stratification from the preceding rocks. It occurs sometimes broken, sometimes unbroken. When broken, it presents caps, upfillings, and shield-shaped stratification. When unbroken, it forms widely extended masses. Its position is unconformable and overlying.


  Grey-wacke occurs sometimes in an unconformable position; also in caps, upfillings, and shield-shaped and frequently mantle-shaped strata, surrounding the older mountains.


  The Limestone and Sandstone formations are usually disposed in a mantle-shape around the older formations; sometimes they are broken, but more frequently unbroken. They are very common and widely distributed formations.


  Coal, again, shews a very peculiar character. Its original extent is not considerable; it even appears interrupted or broken; but its internal characters shew, that its present apparently broken appearance is its original one. It occurs commonly in trough and basin shaped hollows, and its strata have consequently a concave direction.


  The rocks of the Newest Flœtz-trap Formation, are distinguished from the older by their unconformable, overlying, and broken stratification. In these respects they nearly agree with 71 porphyry. When the continuity of the formation is broken, it occurs in caps, upfillings, and, rarely, shield-shaped.


  


  42. The descriptions we have now given of the succession and structure of the different classes of rocks, will enable us to investigate the structure of whole Mountain Groups. We shall illustrate this by a very short description of two well known tracts of country, the Hartz, and the Saxon Erzgebirge or Metalliferous Mountains.


  Description of the Hartz.


  An immense mass of Granite forms the centre of this country: it rises through the other strata, and is elevated a considerable height above them all, forming the famous mountain, the Bracken. Mantle-shaped strata of Clay-slate are wrapped around this central mass. It is worthy of remark, that Gneiss and Mica-slate, two of the most considerable of the older formations, are wanting in this country. To the Clay-slate, succeeds Transition Limestone, then Grey-wacke and Greywacke Slate; and the whole of these are wrapped around the granite in mantle-shaped strata, and invariably with lower and lower outgoings, corresponding to the newer and newer strata. The Flœtz Rocks that immediately succeed the Transition, surround them in mantle-shaped 72 strata. Immediately on the newest of the Transition Rocks rests the oldest of the Flœtz, the Old Red Sandstone; to this succeeds the other Flœtz-formations, in the following order, according to their relative age;—First Flœtz-Limestone,—First Flœtz-Gypsum,—Second or Variegated Sandstone,—Second or Newer Flœtz-Gypsum,—Second Flœtz-Limestone. These Flœtz rocks are the links that connect the Transition with the Alluvial, the next class of rocks. These are found in the lowest situations. We have thus from Granite to the Alluvial Formation, all the series marked with a diminishing level, in proportion to the newness of the strata.


  Description of the Saxon Erzgebirge.


  The mine-district of the Electorate of Saxony has a basis of Granite, which rises through the superincumbent rocks in three different places, at Altenberg, Johanngeorgenstadt, and Bobrisch on the road leading from Freyberg to Dresden. The newer formations, viz. Gneiss, Mica-slate, Topaz-rock, and Clay-slate, are wrapped around the Granite in mantle-shaped strata, and the diminishing levels of the outgoings of the strata correspond to the newness of the formations. Over these, we meet with other primitive formations, that overlie the older formations; and their continuity is partly broken, partly unbroken. Here are 73 Porphyry, Sienite, newer Granite, Quartz, and Serpentine. Still lower down, we meet with Transition Rocks, of which the Limestone appears at Kalkgrun and Wildenfels, the Amygdaloid in Voightland, and the Grey-wacke and Grey-wacke slate at Braunsdorf near Freyberg. Still lower down, and often covering the preceding formations, we find Sandstone and Limestone; and in several places, as at Hainchen, Potchappel near Dresden, and Zwickaw, there are depositions of the Coal formation. Lastly, The Newest Flœtz-trap formation covers all the others, in unconformable, overlying and very broken stratification.


  CHAP. V.


  theory of the diminution of the waters of the globe.—description of overlying formations.—an investigation of the contents of the original waters of the globe during the different periods of the earth's formation.—the division of rocks into five great classes.


  43. The spheroidal figure of the earth is a proof of its original fluidity. This important conclusion was never disputed; the only question has been, Whether this fluidity was 74 the effect of Fire or Water[2].


  Rocks which have been formed or altered by the action of Heat, are most distinctly different from those that constitute the great mass of the crust of the globe; consequently this fluidity cannot be attributed to the agency of heat.


  Sir James Hall, a most indefatigable chemist, has published a series of curious experiments on the effects of heat on mineral substances; but the results do not apply to the present question. My colleague Professor Playfair, in his eloquent work on the formation of minerals, has endeavoured, with the greatest address, to support what has been denominated the Plutonic formation of the globe. But the substances formed by Sir James Hall in his experiments, cannot be confounded with any of those rocks that constitute the crust of the globe; nor have the ingenuity and ability displayed in the Illustrations of the Huttonian Theory, removed the obstacles to the probability 75 of the ignigeous system.


  The only other agent we are acquainted with that is capable of producing this fluidity, is Water; and we have the strongest evidence that it has been the active agent. In chapter 2. when mentioning the effects of water on the surface of the globe, we described several mechanical and chemical depositions which are daily taking place, as it were, under the eye; and we may now add, that a comparison of their structure, with that of the great fossil masses of which the crust of the earth is composed, evinces so complete an agreement, as entitles us to infer with great certainty, that these also have been formed by the same agent. As the highest mountains are composed of rocks, possessing a structure resembling those fossils which have been formed by water, we naturally conclude, that the ocean must have formerly stood very high over these mountains. Further, as the most elevated mountains are composed of rocks, such as granite, gneiss, mica-slate, Clay-slate, and others, which extend around the whole globe, and have been formed during the same period of time; it follows irresistibly, that the ocean must have formerly covered the whole earth at the same time.—The former great height, and the present low level, of the waters of the globe, is so remarkable a phenomenon, that it gave rise to many very opposite hypotheses, as soon as it attracted the attention of observers. We 76 shall notice a few of these speculations.


  It has been supposed, that the water has suffered a translocation, by a complete alteration of the terrestrial poles and equator. This hypothesis, however, is unsupported by fact, as no traces are to be found of so vast a change. The difference between the equatorial and polar diameters, the accumulation of high land around the equator, are proofs that the present poles and equator are the original ones. Even allowing that such a change had taken place, it is evident that the greatest possible alteration of the earth's axis could cause no uncovering of it, as the water stood high over the whole globe.


  Another opinion was proposed by De Luc, La Metherie, and others; namely, That the water had retired into immense caverns, situated towards the centre of the earth. From the description already given, of the internal structure of the earth, it is evident that the existence of such caverns is imaginary and totally irreconcilable with the notion of precipitation from a state of solution. Allowing for a moment the possibility of their existence, is it not evident, not only that the water would have rushed into them with such violence as to leave the most marked traces of its effects on the surface of the earth, but that the places where the water entered would still be discoverable?


  The most probable explanation is that 77 of the gradual diminution of the water from the surface of the earth. It was first obscurely hinted at by Herodotus, Strabo, and other ancient writers. Maillet, French consul at Alexandria, in a work entitled Telliamed, published in 1740, was the first in modern times who directed the attention of philosophers to the theory of the diminution of the waters of the globe. This opinion was eagerly adopted, and keenly supported by Linnæus, Celsius, and other Swedish naturalists. They collected many facts, to shew that the waters of the Baltic are diminishing; and the scholars of Linnæus observed many similar appearances in other countries. Of these many interesting instances are detailed in the writings of Pallas, Gmelin, Ferber, Niebuhr, Vancouver, Perron, and others. Even although all these proofs were wanting, it is evident that if the water remained unaltered in quantity, it would rise and overflow its boundary, owing to the great quantity of earthy matter which is daily carried into it by rivers and streams. This opinion, as supported by Linnæus and several others, met with considerable opposition. Many facts were brought forward, to shew, that while the land is left by the sea in one place, it is invaded in an equal proportion in another; and consequently that there is no diminution of the water. The invasion of the land by the sea, is, however, a comparatively rare occurrence; and besides, these partial 78 elevations of the water depend on particular circumstances, which can in general be pointed out. Thus, the change in the direction of currents, produced by the accumulation of water by winds, the alteration of the shape of coasts, and of the surface of the land, and many other causes, produce alterations in the level of the ocean. The great and incontrovertible proofs which the internal structure and external aspect of mountains afford, of the diminution of the waters of the globe, were totally unknown to Linnæus and those philosophers who supported the theory of its diminution. It is therefore not surprising that it should have been considered as in some degree doubtful. The observations of Linnæus were too local and confined, and by no means permitted the use he attempted to make of them.


  It was reserved for Werner to give this theory stability. With his usual acuteness, he soon discovered that the important documents for the illustration of this great phenomenon, were not to be sought for in the formations that have taken place within the limits of human history, but in the mountains themselves, those mighty aquatic formations. His investigations were attended with complete success; for he discovered, 1st, That the outgoings of the newer strata are generally lower than the outgoings of the older, from granite downwards to the alluvial depositions, and this not in particular spots, but around the whole globe. 2d, That the primitive part of the earth is entirely 79 composed of chemical precipitations, and that mechanical depositions do not appear until a later period, that is, in the Transition class; and that from this point they continue increasing, through all the succeeding classes of rocks, to the newest or the alluvial, which are almost entirely mechanical deposits. These most important observations ascertain in a satisfactory manner the universal diminution of the water from the surface of the earth. The sinking of the level of the outgoings of the newer and newer strata, shews that the solution from which they were formed must have experienced a similar change; that is, it must have diminished in height, and that not in one spot, but around the whole globe. Hence the water which once covered the whole globe to a great height, must have diminished universally.


  The period of the occurrence of Mechanical depositions, is a further and most striking proof of the diminution of the water. We find, that in the earliest periods Chemical productions only were formed, owing to the high and universal submergence. It is evident, that when the earth was covered to a great height with water, no mechanical deposits could be formed; for it is well known, that the motion communicated to water does not reach to a great depth. Mechanical deposits would, therefore, be first formed, as soon as part of the solid mass of the earth appeared above the level of the water, or when the 80 surface of the water approached so near to that of the earth, that it could act on it mechanically. Hence, as soon as the higher parts of the earth rose above the surface of the water, mechanical depositions would increase; and we find accordingly an increase of mechanical deposition, corresponding to the diminishing level of the ocean, from the Transition to the Newest period. It follows, that as these alterations have been universal, extending around the whole globe, the level of the water has changed uniformly and universally, and that it has sunk by degrees to its present level.


  Several other interesting phenomena, which we have already mentioned in part, strengthen and illustrate more fully the preceding conclusions. Petrifactions, we know, first occur in formations of a middle age; but none have ever been observed in the older and completely chemical formations. In the Transition rocks, where they first occur, they are but rare, yet in the Newer Transition rocks they increase considerably in quantity. In the Flœtz formations, they also continue increasing in quantity, to the newer formations.


  In respect to the nature of these remains, we may remark, that those which occur in the earliest periods, belong to the lowest and most imperfect class of animals, the zoophytes. In the newer and newer formations, we meet with quantities of shells and fish, and these are accompanied by a variety of marine plants. But these 81 organic remains are completely different from any of the animals or vegetables of the present state of the earth. The organic creation during that period appears to have had a totally different aspect from what it assumed in the succeeding. In the newer formations, we find the remains of known genera, and in the newest of all the remains of organic species, resembling those found in the present seas. Land plants appear later, and land animals still later. At first, they appear to have been but few, and very different from those of the present time. In the oldest of the Transition rocks, which appear to have been formed while the earth was still covered with water, we find the remains only of marine plants and animals, but not a trace of terrestrial organization has ever been discovered. We first meet with such relics in the newer rocks of this class, which were formed after a portion of the land was uncovered, and capable of supporting terrestrial vegetation. From this period to the newest or alluvial, as we have already remarked, the quantity and variety of vegetable remains increase; and this is further confirmed by a correspondent increase of coal.


  All the appearances we have now detailed are distinctly connected with the diminution of the water, and are to be considered as effects and proofs of its reality. It is evident that, during the period when the earth was still covered 82 to a great height with water, neither plants nor animals had been created. When the water diminished in height, and the dry land began to appear, marine plants, and the lowest and most imperfect animals, were created. As the water diminished, it appears to have become gradually more fitted for the support of animals and vegetables, as we find them increasing in number, variety and perfection, and approaching more to the nature of those in the present seas, the lower the level of the outgoings of the strata, or, what is the same thing, the lower the level of the water. The same gradual increase of organic beings appears to have taken place on the dry land.


  


  44. We have now stated several of the general appearances on which the Wernerian theory of the diminution of the water of the globe rests.


  The next question which naturally presents itself, is the following: What has become of the immense volume of water that once covered and flood so high over the whole earth?


  Although we cannot give any very satisfactory answer to this question, it is evident that the theory of the diminution of the water remains equally probable. We may be fully convinced of its truth, and are so, although we may not be able to explain it. To know from observation that a great phenomenon took place, is a very 83 different thing from ascertaining how it happened.


  Overlying Formations.


  45. We have now to describe another phenomenon equally interesting with the diminution of the water of the globe. Besides the formations, with gradual and universally diminishing levels of the outgoings of the newer and newer strata, there are others where the strata occur almost always unconformable and overlying. Two of the most remarkable instances of this kind, are what are denominated the Newest Flœtz-trap Formation, and the Newer Porphyry Formation.


  The Newest Flœtz-trap Formation covers many very new flœtz formations, and also uncommonly high primitive mountains. It has but little continuity, being almost always broken, but is very widely distributed. The rocks belonging to it are Greenstone, Greystone, Porphyry-slate, and Basalt; under these we find Wacke, Clay, Sand, and Gravel, and, accompanying the latter, there are great beds of bituminous fossils, which are partly in the state of Coal, and partly ligneous. In the lower parts of this formation, therefore, we find mechanical deposits, composed of clay, sand, gravel, and heaps of trees, and these are so arranged, that the coarsest are undermost; but 84 above, we have the finest mechanical and the coarsest chemical depositions, as clay and wacke. Basalt, which lies immediately over the wacke, is to be considered as a coarse chemical precipitate, having an earthy aspect and no lustre, and has probably been precipitated from an agitated solution. Lastly, Porphyry-slate, Greystone and Greenstone are to be considered as precipitates from a state of complete chemical solution. They pass into each other; and greenstone, which is usually the uppermost, is the most crystalline.


  It is evident from the nature and position of these rocks, that they have been formed by a vast deluge. The water appears to have risen rapidly; again to have become more calm; and, during the period of its settling, to have deposited the different rocks of this formation; and, lastly, to have retired to its former level with considerable rapidity.


  During the settling of the water, as we have just mentioned, the different rocks appear to have been formed, and the broken stratification, which is so characteristic for this formation, partly by the rapid retiring of the water. The heaps of trees, the beds of gravel, sand and clay, and their more frequent occurrence in low than high situations, their constant occurrence in the lower parts of the formation, are evident proofs of the rapid and tumultuous rising of the water: the 85 calmness of the water is proved by the fineness of the mechanical and the increasing fineness of the chemical solution, according as we approach to the newer members, or upper part of the formation.


  The quantity of the remains of terrestrial animals that occur in this formation, is deserving of attention. Wood occurs in the greatest quantity; we also meet with impressions of plants; also deer's-horns, shells and other marine productions, have been found accompanying these rocks; which was to be expected, as the deluge which gave rise to this formation must have pasted over sea as well as land. All these circumstances, but particularly the occurrence of wood, and the remains of land animals, are proofs of the newness of this formation.


  This formation is found covering the highest summits of the Saxon Erzgebirge, and forming the summit of the Peak of Teneriff, elevated about 12,236 feet above the level of the sea.


  The other great formation which occurs in an unconformable and overlying position, the Porphyry, presents many points of agreement with the preceding, and also peculiar characters. The rocks belonging to it are Porphyry, Sienite, and Pitchstone. The porphyry corresponds to porphyritic basalt; sienite to greenstone; and pitchstone to that found in the newest flœtz-trap. The structure of the rocks in this formation also corresponds in many important features with that in 86 the flœtz-trap. Thus, basalt is frequently porphyritic, and sometimes amygdaloidal, which latter, however, is but a rare occurrence in porphyry. Further, the columnar, globular, and tabular structure is nearly the same in both. It contains very little mechanical deposition, and when it does occur, it is almost entirely composed of masses of rocks; never any petrifaction, which was to be expected, because this formation was formed at a far earlier period than the newest flœtz-trap, when the level of the water was incomparably higher, and when no animals or vegetables existed. This formation also contains little or no carbonaceous matter, which we found to be so abundant in the newest flœtz-trap formation.


  These observations are sufficient to shew us how nearly these two formations are allied, and how admirably their structure corresponds, and is illustrative of their mode of formation.


  Investigation of the Contents of the Water of the Globe, at different Periods.


  46. This subject is highly interesting. It points out to us in legible characters the alterations which the ocean experienced during its gradual diminution, and affords a very interesting picture of the internal structure and surface of the earth during the different periods of its formation.


  When we view the various depositions 87 from the earliest discoverable period to the newest, we find in them such differences, as shew that the contents of the water of the globe must have changed by degrees, and that all its depositions form beautiful and connected series. The oldest rocks, which are pure chemical precipitates, are composed principally of siliceous, argillaceous and magnesian earths. The rocks, as Granite, Gneiss, and Mica-slate, contain metals that are of cotemporaneous formation with them, and that scarcely occur in newer periods; these are Tin, Molybdena, and Tungsten.


  This state of the water of the globe, however, alters gradually and remarkably, as we approach the newer periods, by the appearance of Limestone in quantity, Coal, and Salt, and the disappearance of old and the appearance of new metals. Besides this general succession, (which will afterwards be particularly considered), discoverable in the productions of different periods, we have instances of the repetition of certain products at considerable intervals, and in formations of different æras and kind. In a series of this kind, all the members have general characters of agreement, and the individual members bear characters expressive, not only of the period of their formation, but also of the circumstances under which they were formed. Such a series, as we have already mentioned, is denominated a Principal Formation Suite, or Series of Formations. By contrasting the 88 old and new members of such a series, the difference will be found so great, that we can with difficulty recognise them as members of the same formation suit: on the contrary, the immediately preceding or following members are so much alike, that it is equally difficult to distinguish the one from the other. This shews how much the prevailing circumstances that existed during the time of their formation, were alike in the members of the same age, and differed in those of a different date.


  We shall now illustrate this subject by short descriptions of several of these series of formations.


  1. Limestone Formation-Suite.


  The first member of this series, is the White Granular Limestone, which occurs in primitive rocks, as gneiss, mica-slate, and clay slate. This limestone has large granular distinct concretions; but, in the newest clay-slate, the concretions become more minute, and it even approaches to compact. The Transition rocks contain the second member of this series, the Variegated Limestone, which has less translucidity than the preceding, but more than the following members of the series, and shews the first traces of petrifactions. The following, or Flœtz-rocks, contain the third member of the series, the Grey Flœtz-Limestone, which is scarcely translucent on the edges, 89 and is full of petrifactions. It has some resemblance to the limestone of the transition period, but only a very remote one to that of the primitive. How great is the difference between the granular translucent primitive limestone, and the dull earthy and nearly opaque flœtz-limestone; and yet both are members of a series of chemical formations, which are still not the most distant. Chalk is the newest formation of this period; it connects the foregoing members, which have been deposited from the ocean, with the Calc-tuff, the lowest link of this series of formations (if we do not include the Coral-Rocks that are daily forming) which has been formed on the land. We have thus a complete series, from the earliest to the latest period, in which we observe a gradual disappearance of the crystalline, and increase of the earthy aspect, corresponding with the relative age of the different members of the series, and the state of the solvent from which they were precipitated, and all serving as proofs of the immensely great, but gradual alteration, of the state of the universal waters. If we even examine the individual members of this series, we find these gradations still more minute, but always very characteristic. Thus the limestone of the Primitive period, (that which occurs in gneiss,) has the largest granular distinct concretions, and possesses the highest degree of translucidity and lustre, and has therefore the most highly 90 crystalline structure of the whole series. Does not this highly crystalline structure correspond most intimately with a calm state of the solution? The next member of the series, which is still crystalline, but with smaller distinct concretions, occurs in Mica-slate; and, still less crystalline, or with smaller distinct concretions, in the oldest Clay-slate. In the Newer Clay-slate, on the contrary, the distinct concretions are so small, as only to be discoverable by their glimmering and translucidity. The white colour which hitherto characterised the older limestone, is now intermixed with black, red, &c.; and the newest members of this formation, form the transition to the products of the next period. In the Transition period, the limestone is compact, translucent, glimmering, and variegated or marbled.


  The Flœtz-limestone contains several formations that resemble each other very much, and differ principally by the newer being more earthy than the older. To these succeed, as we have already mentioned, Chalk and Calc-tuff, which are in general still more earthy in their external appearance.


  It is not enough to detail the differences and agreements of this great series; we must also endeavour to discover how these have been produced. The whole series, as has been already observed, is completely chemical, yet the different members have distinct characters of difference. In 91 the first and second periods, the productions are almost entirely chemical, but the crystallization becomes more imperfect, the newer the formation. Lastly, in the third period, the members of the series become mixed with small portions of mechanical matter, as is shewn by the earthy aspect of many flœtz-limestones. We know the conditions necessary for the formation of a crystalline structure, and that rest and motion are the agents which assist or prevent its regular formation. Hence we may very fairly infer, that the solution, or ocean when it stood high over the earth, was calm and undisturbed. During succeeding periods, the solution appears to have become more and more agitated; yet at first it only prevented the perfection of the crystallization. As the water diminished in height, its motions increased; its destroying powers reached to the surface of the earth, and the crystalline shoots were destroyed, and thus the first mechanical productions were formed. The water still continuing to diminish, the dry land began to appear; of course the mechanical action of the water would be much increased, as also the formation of mechanical productions. How admirably does this agree with the appearances presented by this series of formations!


  The connection and import of all these appearances will be more apparent, if we take a view of the characteristic position of the strata 92 in the different members of this series of formations, and of their relations to the exterior of the earth. This will be considered particularly afterwards. At present we shall only mention the highly elevated level of the limestone in gneiss, contrasted with the low situation of chalk and calc-tuff.


  2. Slate Formation-Suite.


  This is a very extensive series of formations[3]. The Limestone Series is composed only of limestone, and a single earth as its principal constituent part. In the series of Clay-slate Formations, on the contrary, different earths have united together, to form the rocks we shall now mention. Silica, Alumina and Magnesia, but particularly the two latter, are the most characteristic earths belonging to this suite of formations. We shall begin the description with that member of the series which may be considered as a central point from which the others diverge, and which gives the name to the whole series. This is Clay-slate. It is evident, that the oldest Clay-slate must border on the newest Mica-slate; and the newest, on Transition-slate. The oldest Clay-slate has more lustre than the newer, and is even slightly micaceous, so that it resembles the fine slaty mica-slate on 93 which it rests. The newer clay-slate has a darker grey colour, less lustre, and contains finely disseminated scales of mica, which brings it nearer to the transition-slate. Mica-slate is an aggregate rock, composed of quartz and mica: but in the older, it becomes gradually intermixed with felspar, which, in the oldest varieties, increases and shews itself more and more as an essential constituent part, until the Mica-slate passes into Gneiss. The texture of the newest gneiss which lies nearest to mica-slate is still thin slaty; but it becomes gradually coarser, more crystalline, thick slaty, and very nearly granular, when it passes into Granite. In Granite, the texture is completely granular, and this rock stands as the first and oldest member of the series.


  The same clue will conduct us back to the Transition-slate, which occurs in mountains of Grey-wacke. Here distinct mechanical matter is mixed with the chemical. Grey-wacke is a complete sandstone: we have a gradation of its grains from those the size of a pebble, until, from their smallness, they are no longer distinguishable; and this constitutes a transition to Grey-wacke Slate.


  Sandstone and Sandstone-slate are the next members of this series. The sandstone-slate resembles mica-slate so much, that it has been sometimes confounded with it. To the sandstone succeeds the Coal Formation, which contains Friable Sandstone and Slate-clay. Lastly, the series is 94 terminated by Bituminous Wood and Earth-coal, accompanied with sand and clay; which latter correspond to the sandstone and slate-clay of the immediately preceding formations.


  A material division of this beautiful series takes place with Grey-wacke. From it, upwards, all the members are completely chemical. On the contrary, in the lower, the chemical is combined with mechanical, and only the lowest links of the series are completely mechanical productions.


  3. Trap Formation-Suite.


  In this series, all the formations have a great resemblance to each other; yet all of them bear very distinct marks of the period of their formation. The oldest or Primitive Greenstone is highly crystalline; the newer or Transition is less crystalline; and in the newest or Flœtz-trap, it approaches to earthy, as appears in Basalt, and more particularly Wacke as the lowest link, or furthest removed from the highly-crystalline primitive greenstone.


  4. Porphyry Formation-Suite.


  The first member of this series, or which is denominated the Old Porphyry Formation, occurs in great unbroken beds, in Gneiss, and its basis is Hornstone. The second member, or what is denominated the 95 Newer Porphyry Formation, occurs in unconformable, overlying and broken stratification. Its basis is Clay-stone, Pitch-stone, &c. The third and last member of this suite is probably the Clay-stone, and Porphyritic-stone which occurs in the Coal-Formation.


  5. Gypsum Formation-Suite.


  The oldest member of this formation occurs in Mica-slate and Clay-slate. The second member is that which accompanies Salt, and with which salt-springs are connected. It lies over the old flœtz-limestone, and is covered by the second flœtz-sandstone. The third and last member, is what is denominated the Second Gypsum Formation of the flœtz period. It lies over the second sandstone formation, and under the second lime-stone of the flœtz period.


  6. Salt Formation-Suite.


  This series contains only two members. The first and oldest occurs along with the oldest flœtz gypsum, and the newer is that which is still forming at the bottom of lakes.


  7. Coal Formation-Suite.


  This is a very interesting series. Inflammable matter occurs in considerable quantity only in the newer formations. The small portion that 96 occurs in primitive mountains, is carbon, uncombined with bitumen. In the newer formations, bitumen makes its appearance; and in the newest formations, as in the floetz-trap, we find immense accumulations of bituminous inflammable matter.


  It was only after the deposition of these immense repositories of inflammable matter in the floetz-trap, that volcanoes could take place: they are, therefore, to be considered as new occurrences in the history of nature, although they may extend far beyond historical record. The volcanic state appears to be foreign to the earth,—a circumstance that points out its great antiquity.


  8. Serpentine Formation-Suite.


  Contains but two members; the older, that which occurs in a conformable position with the primitive rocks; and the newer, that which overlies the primitive rocks.


  The phenomena presented by all these formations coincide most beautifully with the theory of the gradual and universal diminution of the waters of the globe. We shall conclude what relates to that subject, by a general observation respecting the effects which would be produced on the surface of the earth by the diminution of the water; and then state the arrangement of the different formations, founded on the preceding observations respecting their order of succession.


  It is evident, that as the water diminished, 97 and the dry land appeared, the motion of the water would be altered, and its currents receive new directions or be divided. These changes must have had a very powerful effect on the former surface of the dry land, and, by destroying a part of the earlier formations, would afford matter for newer formations.


  


  47. The periods and kinds of formations already mentioned, may now be employed, according to the method of Werner, as a foundation for the arrangement of the different kinds of mountain rocks or stones.


  We divide them, therefore, with Werner, in respect to the kind of their formation, into aquatic and ignigenous. The latter constitutes a particular class, denominated the volcanic, which is the last in the arrangement, because of its newness.


  Those which have been formed on the land, are separated from those which have been formed in the universal water of the ocean. Those formed on the land are denominated alluvial. Again, those which have been formed in the original ocean, and which are by far the most extensive and important, are divided partly according to the period, and partly the kind, of their formation.


  The First Class contains those which are supposed to have been formed during the chaotic or uninhabited state of the earth, and which are entirely chemical precipitates. These are 98 denominated Primitive Rocks.


  The Second Class contains those supposed to have been formed during the transition of the earth from its chaotic to its habitable state, and which are partly chemical and partly mechanical formations. They are denominated Transition Rocks.


  The Third Class contains those rocks supposed to have been formed, while animals and vegetables existed in numbers, and which are partly chemical, and partly mechanical. These are denominated Flœtz Rocks, because they are generally disposed in horizontal or flat strata[4].


  The following, then, are the different Classes of Mountain-rocks, arranged according to the kind of their formation, (whether Aquatic or Ignigenous, Chemical or Mechanical), and their period of formation.


  Aquatic Formations.


  1st Class. Primitive Rocks.


  2d Class. Transition Rocks.


  3d Class. Flœtz Rocks.


  4th Class. Alluvial Rocks.


  Ignigenous Formations.


  5th Class. Volcanic Rocks.


  TABLE of the Different Mountain-Rocks 99.

  


  Class I.


  Primitive Rocks.


  1. Granite.


  2. Gneiss.


  3. Mica-Slate.


  4. Clay-Slate.


  5. Primitive-Limestone.


  6. Primitive-Trap.


  7. Serpentine.


  8. Porphyry.


  9. Sienite.


  10. Topaz-Rock.


  11. Quartz-Rock.


  12. Primitive Flinty-Slate.


  13. Primitive Gypsum.


  *


  14. White-Stone.


  Class II.


  Transition Rocks.


  1. Transition-Limestone.


  2. Transition-Trap.


  3. Grey-Wacke.


  4. Transition Flinty-Slate.


  5. Transition-Gypsum.


  Class III.


  Flœtz Rocks.


  1. Old Red Sandstone, or First Sandstone Formation.


  2. First, or Oldest Flœtz-Limestone.


  3. First, or Oldest Flœtz-Gypsum.


  4. Second, or variegated Sandstone Formation.


  5. Second Flœtz-Gypsum.


  6. Second Flœtz-Limestone.


  7. Third Flœtz Sandstone.


  8. Rock-Salt Formation.


  9. Chalk Formation.


  10. Flœtz-Trap Formation.


  11. Independent Coal Formation.


  12. Newest Flœtz-Trap Formation.


  Class IV.


  Alluvial Rocks.


  1. Peat.


  2. Sand and Gravel.


  3. Loam.


  4. Bog Iron-ore.


  5. Nagelfluh.


  6. Calc-tuff.


  7. Calc-sinter.


  Class V.


  Volcanic Rocks.


  *Pseudo-Volcanic Rocks.


  1. Burnt-Clay.


  2. Porcelain-Jasper.


  3. Earth-Slag.


  4. Columnar Clay-Ironstone.


  5. Polier, or Polishing Slate.


  **True Volcanic Rocks.


  1. Ejected Stones and Ashes.


  2. Different kinds of Lava.


  3. The matter of Muddy Eruptions.
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  CHAP. VI.


  Class I.—Primitive Rocks.


  Urgebirge.—Werner.


  48. The rocks belonging to this class 100 are the oldest parts of the crust of the globe. They are principally composed of siliceous and argillaceous earths: magnesian earth also occurs, but principally in the newer rocks of this class. When they occur with any of the other four classes of rocks, they always form the fundamental 101 rock; and when the outgoings of their strata appear along with those of the other classes, they are generally higher. Excepting the small portion of mechanical deposit that accompanies the second porphyry formation, they are throughout pure chemical productions; and of these, the older are more pure than the newer. They never contain petrifactions. In the newer members of the class, small portions of carbonaceous matter make their appearance. They are more metalliferous than the rocks of the other classes.


  The following are the rocks of this class, arranged nearly according to their relative antiquity, geognostic relations, and general importance, 1. Granite. 2. Gneiss. 3. Mica-Slate. 4. Clay-Slate. 5. Primitive-Limestone. 6. Primitive-Trap. 7. Serpentine. 8. Porphyry. 9. Sienite. 10. Topaz-Rock. 11. Quartz-Rock. 12. Primitive Flinty-Slate. 13. Primitive Gypsum. 14. White-stone.


  1. Granite.


  Granit.—Werner.


  Moorstone of Cornwall.—Roche Feldspathique of Hauy.—Whinstone and Sandstone, in some parts of Scotland.


  I. The name Granite is a corruption of the Latin word Geranites, used by Pliny to designate a particular species of stone. The first modern writer who uses this word is Tourneforte, the celebrated naturalist. It occurs in the Account 102 of his Voyage to the Levant, published in 1699. Antiquarians appear to have named every granular stone capable of being used in architecture or statuary, Granite, and it continued to be used in this vague sense by mineralogists until about fifty years ago, when true granite was distinguished as a particular mountain-rock.


  2. It is a compound granular aggregated rock, composed of felspar, quartz, and mica. These parts vary in quantity, so that sometimes one, sometimes the other, and frequently two of them, predominate. Felspar is generally the predominating, as mica is the least considerable ingredient of the rock. In some varieties the quartz is wanting; in others the mica; and these have received particular names. Such distinctions, however, are useless.


  The constituent parts differ also considerably in their magnitude: they alternate from large to small, and even very fine granular; and of these the large and coarse granular usually belong to the Oldest, and the small and sine granular to the Newer Granite Formation.


  It differs also considerably in regard to its colour; and this depends principally on the predominating ingredient, the felspar; the quartz and mica having usually a grey colour. The felspar is usually white, and most commonly greyish and yellowish white; also reddish, or milk-white; sometimes also flesh-red. The 103 red colour appears to occur more frequently in the newer granite, while the white seems to prevail in the older granite. It is seldom grey, yellow, or green. The grains alternate from large to small granular; and the latter have usually a red colour. The quartz is usually grey, seldom milk-white, always translucent. The mica is usually grey, and sometimes almost black.


  The felspar in granite has usually a vitreous lustre and perfect foliated fracture, yet in some varieties it passes into earthy, with the loss of its lustre and hardness; in short, it has passed into Porcelain Earth. This appearance is sometimes produced by the weathering of the felspar; sometimes it appears to be its original slate. When veins containing pyrites traverse granite, the felspar and mica in their vicinity are converted into a kind of steatitical matter, by the action of the sulphuric acid formed during the decomposition of the pyrites. The mica sometimes also decomposes by exposure to the atmosphere; but the quartz is never altered. Granite, with earthy felspar, is found in Cornwall.


  Sometimes the constituent parts of granite are regularly crystallized; principally, however, the felspar and quartz. The mica sometimes occurs in nests, unmixed with the other constituent parts, and these have been confounded with fragments. Sometimes the constituent parts are so arranged, that when the specimen is cut, its surface 104 has a kind of resemblance to written characters: hence it has been denominated Graphic Stone. This particular variety is found at Portsoy, and in the Island of Arran; also in the Forest of Thuringia in Germany; in Corsica; in the Mountain of Odontschelong, in the Uralian Range; and also in France. Granite, with regular crystallized felspar, occurs in the Island of Arran; in many places on the Continent of Europe, and also in South America. At Mount St Gothard, all the three constituent parts are found crystallized together. In the Island of Arran and the Saxon Erzgebirge, there is a remarkable variety of granite, in which the felspar, quartz and mica, have a diverging radiated fracture. Sometimes large crystals (usually twin-crystals) of felspar, occur in smaller granular granite, and form what is denominated Porphyritic Granite.


  Besides felspar, quartz, and mica, the essential constituent parts of granite, other fossils sometimes occur in it. These, however, are to be viewed as accidental. Of these Schorl is the most frequent, and next is Garnet and Tinstone. Besides these, the following, have been observed, either of cotemporaneous formation with the rock, or in veins that traverse it, viz. Rock-crystal, Adularia, Chlorite, Actynolite, Common Opal, Topaz, Fluor-spar, and Apatite.


  3. Unstratified Granite sometimes occurs 105 in large globular distinct concretions, which are from one to two or more fathoms in diameter. These concretions are again composed of curved lamellar concretions, and always include a harder central mass. The spaces between these globular concretions are filled with granite possessing less solidity, and which decays readily, and thus leaves the harder central masses heaped on each other or strewed about. These distinct concretions must not be confounded with rolled masses. Beautiful examples of these concretions occur in the island of Arran, Bohemia, the Hartz, the Fichtelgebirge, and other places.


  Granite occurs sometimes also in imperfect columnar distinct concretions, as on the Schneekoppe in Silesia, and near Carlsbad in Bohemia.


  4. Granite occurs sometimes stratified, frequently unstratified, and usually in very widely extended masses. Examples of Stratified Granite occur in Bohemia, Saxony, throughout the whole of the Riesengebirge, in Salzburg, Switzerland, the Pyrenees, the Altain Mountains, and South America.


  5. Foreign beds occur but seldom in granite. In Switzerland, beds of quartz, containing cavities lined with magnificent rock-crystals, are said to occur in granite. Beds of quartz, having accompanying tinstone, lead-glance and copper-glance, occur in the granite of Zinnwald: it is probable, however, that that granite belongs to the 106 newer formation. The primitive granite of Silesia and Lusatia also contains beds of quartz, Beds of felspar sometimes also occur in granite.


  


  6. Three formations of Granite have been ascertained. The first, or oldest, serves as the basis for all the other classes of rocks. The second occurs only in the first: and the third, or newest, appears to be among the newest of the primitive rocks.


  In the oldest granite formation, when it rises to a height above the surface of the earth, and is surrounded by other primitive rocks, these are always wrapped around it, or the strata are mantle-shaped. It is frequently stratified, and the strata are usually horizontal. It sometimes occurs in great globular distinct concretions; and it is coarse granular and porphyritic. It is one of the most widely extended and abundant formations we are acquainted with.


  The second granite formation occurs only in veins, and these veins traverse the oldest formation, but never reach any of the newer rocks. The structure of this granite is less regular than that of the oldest formation, but more regular than that of the newest or third granite formation.


  These veins are sometimes traversed by veins of the newest granite formation; a fact which shews at a glance the relative age of these formations: for it is universally understood that all veins are newer than the rocks they traverse, and 107 that when two veins intersect one another, the intersecting vein is the newest, and the intersected the oldest. Hence, the veins of the third granite formation, which we frequently observe traversing gneiss, mica-slate and clay-slate, are much newer than those which traverse the oldest granite; and the veins that traverse oldest granite, are much newer than that granite itself. We have thus incontestible proofs that the oldest granite has had no share in the supposed elevation of mountains, and is most decidedly the oldest rock with which we are acquainted.


  The newest granite formation always rests on some of the older primitive rocks, and usually in an unconformable and overlying position. It never occurs in globular distinct concretions; it is seldom porphyritic. Its structure is very irregular; sometimes contains grains of precious garnet; has a deep red colour; often contains fragments of various primitive rocks of different magnitudes. It sometimes also occurs in veins that shoot from the rock, or in veins that are not connected with any rock beyond the strata which they traverse. One of the best examples we have of this newer granite formation, is that at Greifenstein, in the Electorate of Saxony. The granite is there composed principally of felspar and quartz, with but a small portion of mica. It is coarse granular, irregularly aggregated, and contains here and there nests of quartz and 108 felspar, and is porphyritic in patches. The single crystals are twin-crystals. It is frequently traversed by veins of quartz. It is not stratified, but disposed in horizontal plates. It contains fragments of gneiss and mica-slate that alternate, from the magnitude of a cubic inch to that of 1000 cubic feet and upwards. It has an unconformable and overlying position, and rests on mica-slate.


  The Tin Stockwerk at Geyer is another portion of this new formation. It is contained in a hollow of gneiss, includes numerous fragments, and agrees in other characters with that at Greifenstein.


  At Johanngeorgenstadt, Auerlberg and Eibenstock, there is another portion of it; but there it occurs only in veins. The veins are from a foot to several fathoms wide, and are filled with the same granite as that of Greifenstein. The matter of the veins is distinctly separated from their walls or sides, and not grown and mixed together, as is the case with veins of felspar, which have been frequently confounded with granite veins[5].


  These veins frequently contain fragments 109 of other rocks. They are usually traversed by all the metalliferous and other veins of the countries where they occur; consequently they are the oldest veins.


  Veins of the same kind are observed in Bohemia; in the Shetland Islands; in Glen Morison, in the remoter Highlands; at Minella, in the Alps; and in Upper Lusatia[6].


  7. When granite is exposed, it frequently 110 occurs in very high and steep cliffs, which even sometimes form vast mural precipices: Often also in lofty and precipitous summits, denominated Peaks, as is remarkably the case in Savoy and Switzerland.


  8. Granite rocks are frequently much traversed by rents or fissures. When these rents widen by the action of the weather, the mass separates into fragments of greater or lesser magnitude, and they remain long piled on each other in a most fantastic manner, often appearing like vast artificial tumuli, or masses brought together by a flood. These masses at length separate and fall down, and thus a plain is formed, which is covered with immense masses of granite. The upper parts of the granite mountains in Arran, present very striking appearances of this kind, and I have observed the same in many places of the high granite ridges of the Riesengebirge. Travellers have described similar appearances in the mountains of Switzerland; those of Siberia; the Hartz; the Bohmerwald-gebirge, and the Carpathians.


  9. Granite is not so metalliferous as many 111 other rocks of the primitive class; yet it contains portions of the greater number of the most important metals. Iron and tin are those that occur most frequently: it also contains smaller portions of gold, silver, copper, lead, bismuth, zinc, cobalt, manganese, molybdena, arsenie, and scheele (tungsten and wolfram). These metals usually occur in veins, and very rarely in beds; almost the only instances of the latter are the tin-beds in granite at Zinnwald in Saxony and Bohemia, and those composed of lead-glance and blende at the same place.


  10. It is one of the most frequent and widely extended rocks. It occurs in almost every mountain group, and there it usually juts out, forming its central and highest part, having the newer primitive rocks wrapped around it in mantle-shaped strata. It forms the summits of the highest mountains in this country, as in the Island of Arran, and the central part of the Grampians. The same is the case in the Hartz, the Riesengebirge, the Bohmerwald-gebirge, the Fichtelgebirge,and the Alps, particularly those of Savoy; also in Bavaria, Bohemia, Franconia, Lusatia, Moravia, Upper Saxony, Thuringia, Austria, Stiria, and the Tyrol. As granite is the basis on which all the other rocks rest, it may also appear in low mountainous situations, owing to the newer primitive rocks either not having been deposited, or having been washed away since deposition. Instances of this we have in the 112 Island of Arran; near Carlsbad in Bohemia, and many other places.


  The following list of localities, shews the known extent of granite in the different quarters of the globe, without however any reference to its forming the centre and highest, or the lowest part of mountains or mountain-groups.


  In Europe, it forms the range of Sewoga in Scandinavia; the rocks of Finland; occurs also in Cornwall in England, in the Hartz, the Forest of Thuringia, Erzgebirge in the Electorate of Saxony, the Fichtelgebirge, Lusatia, the Riesengebirge, the Bohmerwald-gebirge, the Schwarzwald (Black Forest), the Alps of Switzerland, and Savoy; also in the Tyrol, Salzburg, Stiria, Archduchy of Austria, the Carpathian Mountains, Auvergne, Dauphiny, Elsass, and the Pyrenean Mountains.


  In Asia it occurs at Kolywan, and other places in Siberia, and forms a very considerable portion of the Uralian and Altain chains of mountain-groups.


  In Africa, it is said to form a principal constituent part of the mountains in Upper Egypt, the Atlas Mountains, and the country about the Cape of Good Hope.


  In North America, it is said to occur in New York, Pennsylvania, and Virginia. In South America, it forms De los Mariches, near 113 Carracas, the whole Cordillera of Parima, Sierra Nevada de Merida, Torrito between South Carlos and Valencia, the country between Valencia and Portocabello, and Cape Horn the southern extremity of America.


  11. Granite, in general, is far more simple than any other of the primitive rocks, that is, contains fewer beds, veins, &c. It is well characterised by the absence of limestone, of which no traces have hitherto been discovered. Hornblende appears for the first time in the next rock, Gneiss, forming beds of Primitive Greenstone; but not a trace of it has hitherto been discovered in the oldest granite.


  2. Gneiss.


  Gneiss.—Werner.


  Gneiss, Kirwan.


  1. The name Gneiss is of Saxon origin, and was applied by the miners in the vicinity of Freyberg, to the decomposed stone that forms the walls of veins, of whatever nature it was. It was of great importance to miners, to have a name for such a stone, which to them must be more important than the rock itself, because it almost always occurred either with ore or in its vicinity. Henkel describes gneiss as an indurated stone, mixed with steatitical, clayey and greasy matter; and this is the decomposed rock. About thirty or forty years ago, this name was very vague, because mineralogists applied it to the decomposed, in place 114 of the unaltered stone, in the neighbourhood of certain ores; which rendered it necessary to examine more particularly the stone now known by the name of Gneiss, in which these ores occur. Werner. examined it carefully, and found it to be composed of felspar, quartz, and mica; and to this compound he gave the name of Gneiss, a term now universally adopted.


  2. This rock, like granite, is a compound of felspar, quartz, and mica; but it contains more mica than granite. It is granular in the small, and slaty in the large; hence it is said to be granular-slaty, and it is thick granular-slaty. The felspar not only forms the thick slaty, but also the granular slaty structure. Although less felspar, and more mica, occurs in gneiss than in granite, felspar still continues to be the predominating ingredient of the former; and this circumstance produces all the varieties of the slaty structure, and the transition into the granular structure.


  The felspar is usually white, milk-white, greyish-white, yellowish and reddish white; whereas in granite it is more frequently red. The mica is most commonly black; yet it sometimes also occurs yellowish-grey and ash-grey. The quartz is almost always greyish-white.


  Besides felspar, quartz, and mica, it sometimes contains schorl; more rarely garnet, and also hornblende. The schorl occurs more rarely, and 115 in less quantity, than in granite: but the garnet is more frequent and abundant than in granite.


  There are two principal kinds of Gneiss, and other two less considerable, which form the extremities of the series. The first principal kind is denominated Waved Gneiss, including the columnar and striped: The second is the Common (flasriger)Gneiss. The structure of the kind that forms one extremity of the series, namely, that verging on granite, approaches very near to granular, and the slaty texture is to be observed with difficulty. The structure of the kind that forms the other extremity of the series, is thin slaty, and it passes into mica-slate. We thus distinguish four kinds of Gneiss: these are the following, in the order as they pass into each other:


  


  1. That approaching to the Granular Structure.


  2. The Waved or Undulated.


  3. The Common.


  4. The Thin Slaty.


  


  We may also remark, that the order of their transition is also that of their relative antiquity, consequently the more granular the structure, the older the rock; and, on the contrary, the more slaty, the newer it is. In the last member of the series, is the smallest portion of felspar, and largest of mica; hence its texture is more 116 completely slaty than that of any of the others. The other extremity, on the contrary, contains a predominating quantity of felspar, but little mica. The common contains a nearly equal proportion of felspar and quartz, and these are granularly aggregated.


  3. It is always stratified, and the strata have the same direction with the structure of the stone. The strata are thick and very distinct; and their outgoings are lower than the granite on which it rests, and higher than those of the mica-slate which usually covers them.


  4. It is more compounded than granite. There are three principal rocks that occur in gneiss, that do not appear in granite: these are, Granular Limestone, Primitive Trap, and the Older Porphyry. The limestone occurs in considerable beds, and is the oldest member of the limestone series of formations. The rocks of the trap formation are hornblende-rock, greenstone, hornblende-slate, and it is also said greenstone-slate. The older porphyry has usually a basis of hornstone.


  It sometimes also contains beds of garnet, actynolite, accompanied with magnetic-ironstone, lead-glance, and iron-pyrites, and also beds of slaty glance-coal.


  5. Mountains of gneiss are not so steep as those of granite, and their summits are usually round-backed. It forms considerable mural precipices.


  6. Gneiss is one of the most metalliferous of 117 the primitive rocks. The metals occur both in veins and beds, but in greatest quantity and variety in veins. There are few metals that do not occur in it. The greatest portion of the Saxon, Bohemian and Saltzburgian mines, are situated in this rock. The oldest gneiss in the Saxon Ergzebirge, that with reddish-coloured felspar, is the least productive in ores; but the newer, with white-coloured felspar, is the most productive; and the veins, though small, are numerous. The oldest venigenous formation appears to be that which contains tinstone. The tin-ore is accompanied with wolfram, molybdena, arsenic-pyrites, fluor-spar, chlorite, topaz, and opal. The second venigenous formation appears to be a lead-glance formation. The third formation consists principally of copper, and the ores are grey copper-ore, copper-glance, copper-pyrites, and variegated copper-ore. The fourth formation, which is very extensive, contains ores of cobalt. The newest formation is that which contains ores of silver. Veins, containing antimony and red ironstone, occur in gneiss, and these are supposed to be newer than any of the preceding.


  The metalliferous beds that occur in this rock contain argentiferous lead-glance, blende, copper and iron pyrites.


  It sometimes also contains formations of gold.


  7. This is a very widely distributed rock. It 118 occupies almost the whole of the Saxon metalliferous mountains: it abounds in Bohemia and Silesia; it is not uncommon in the Black Forest, the Upper Palatinate, in Carinthia, in the Southern Alps, the Pyrenees, the Vosges, and Scandinavia. It occurs also in Greece; and in the vicinity of Athens, the old mine-works of the ancients are situated in it; in Russia, and many parts of South America. In this county, it has been observed in the islands of Coll, Tiree, and Rona; also in the Shetland islands, and many parts of the mainland of Scotland.


  3. Mica-slate.


  Glimmer-Schiefer.—Werner.


  Micaceous Shistus, Kirwan.—Schiste micace, Brochant.


  I. This rock is composed of mica and quartz, and, like gneiss, has a slaty structure. The mica is almost always grey; frequently greenish grey, and the quartz is generally greyish-white. Another fossil occurs in great abundance in this rock, and so very frequently, that it may almost be considered as one of its essential constituent parts: it is Precious Garnet. This gives it a porphyritic structure. Besides garnet, the following fossils occur in it.


  a. Hornblende. This occurs but seldom; and not so frequently as it does in gneiss.


  b. Schorl and 'Tourmaline. Beautiful 119 varieties of this kind of mica-slate occur in the mountains between Dunkeld and Blair-in-Athol.


  c. Kyanite. This occurs but seldom. It has been observed in Mainland, one of the Shetland islands, and near Banchory in Aberdeenshire.


  d. Rutile, as in Salzburg and Hungary.


  e. Felspar occurs but seldom, and it is either in single crystals, or in masses of different sizes.


  We can distinguish different kinds of mica-slate. These are Common, Undulated, Talcky, and Fine Slaty. The common is straight, and rather thick slaty, and contains garnets, and sometimes felspar. The undulated has a waved structure, and contains neither garnets nor felspar. The talcky is straight slaty; contains thick layers of quartz, and the mica has a green colour. The fine slaty, borders on clay-slate, (the next rock in the order of succession), has a light yellowish grey colour, and contains extremely little quartz; it passes imperceptibly into clay-slate. Of these, the oldest is the Common, and the newest the Fine-slaty.


  2. It is very distinctly stratified. It rests on gneiss, and is covered by clay-slate. It passes, on the one hand, into gneiss, and the transition is made by the common kind; and on the other into clay-slate, and the transition is made by the fine slaty kind. The outgoings of the strata are lower than those of the gneiss, on which they rest, and higher than those of the clay-slate that usually cover them. The strata are wrapped around the 120 older rocks, and are consequently usually mantle-shaped.


  3. It contains more foreign beds than gneiss. The following have been observed: Granular-limestone, hornblende-slate, and hornblende-rock, actynolite, garnet, magnetic ironstone, magnetic pyrites, copper-pyrites, iron-pyrites, arsenic-pyrites, blende, lead-glance, and red ironstone.


  4. The acclivities of the mountains are gentle; the cliffs it forms are not so considerable as those in gneiss mountains. When mural precipices occur, they are seldom of great height. The summits of the hills are round-backed.


  5. It is one of the most metalliferous of the mountain-rocks. The ores it contains occur frequently in beds, but more rarely in veins, which is directly the reverse of gneiss, where ores occur frequently in veins, but seldom in beds. The ores that occur in beds are the following: Magnetic ironstone, iron-pyrites, copper-pyrites, arsenic-pyrites, red-ironstone, lead-glance, blende, gold, and glance-cobalt; and these ores are accompanied with actynolite, garnet, and asbest.


  The veins that occur in mica-slate are in general of the same age, and contain the same ores, as those in gneiss.


  The most important mines in Sweden, as those of Dalecarlia and Fahlun; those of Roraas in Norway; many in Hungary and Salzburg, Saxony and Bohemia, are situated in this rock.


  6. It occurs in great abundance in this 121 country as in the valley between Dunkeld and Blair-in-Athol; the mountain of Schihallion, and the neighbouring country; island of Arran; islands of Jura and Isla, &c. It is also very widely distributed in the continent of Europe; as in Norway, Sweden, Saxony, Bohemia, Silesia, the Bannat, Transilvania, Switzerland, Salzburg. Humboldt is said to have observed it in great quantities in South America.


  4.


  Clay-Slate.


  Thonschiefer.—Werner.


  Primitive Argillaceous Schistus, Kirwan.—Schiste argileux, Brochant.


  1. This is a simple mountain-rock; the oryctognostic characters of which have been detailed in the First Volume of this work.


  It is intimately connected with mica-slate, and follows it in the great series of primitive rocks. It is usually unmixed; sometimes, however, it alternates with thin layers of quartz, and more rarely of felspar. It contains sometimes other fossils; as common schorl, tourmaline, garnet, and more rarely hornblende. Chiastolite or hollow-spar, and actynolite, also occur in it.


  There are four kinds of clay-slate. The first kind, has a yellowish-grey colour, and a shining lustre: it is the oldest kind, and is that 122 which reposes immediately on mica-slate; it is in short the link that connects clay-slate with mica-slate. The second kind is dark-grey; sometimes even bluish-grey and greyish-black, forming what is denominated Roof-slate, from the circumstance of its splitting into thin and large tables. We must be careful, however, not to consider all roof-slate as of primitive formation. To this follows, in the order of succession, the third kind, which has a greenish-grey colour. The fourth and last, which is the newest kind of clay-slate, is bluish-grey, and reddish: it contains a very few intermixed scales of mica; possesses but little lustre; and is the link that connects the primitive clay-slate with the transition clay-slate.


  2. It is distinctly stratified, and its slaty structure is always parallel to the seams of the strata, excepting in one rare instance, where it is perpendicular to the seams of the strata.


  3. It contains a greater variety and number of foreign beds than gneiss or mica-slate; and of these some are peculiar to. it, and characterise the whole formation. We shall first mention those which are common to gneiss and mica-slate, as well as clay-slate, and then those that are peculiar to clay-slate.


  (1.) Rocks that occur in gneiss, mica-slate and clay-slate. 1. Limestone. 2. Hornblende-rock. 3. Primitive Greenstone. 4. Hornblende-Slate. 5. Porphyry. 6. Quartz. 123 7. Actynolite.


  (2.)Rocks peculiar to the clay-slate formation. 1. Whet-slate. It occurs in beds, in Saxony, Bavaria, Silesia, Stiria, and other countries. 2. Roof-slate. This is but a variety of clay-slate, distinguished by its bluish or ash-grey colour; its straight slaty fracture; its splitting into large tables, and its being nearly pure and unmixed. It seldom or never forms whole mountains, but occurs usually in single thick beds with other kinds of clay-slate. 3. Chlorite-slate. This usually follows the preceding. It forms whole beds, and includes garnets, crystallized magnetic ironstone, iron-pyrites, common schorl, tourmaline, and quartz. 4. Talc-slate. This is usually the next in the order of succession. 5. Alum-slate. It occurs in considerable beds in clay-slate; and the two subspecies, the common and shining, alternate with each other. It contains a portion of carbon, and also iron-pyrites. 6. Drawing-slate. It occurs usually in the vicinity of alum-slate, and is very nearly allied to it. It contains more carbon than alum-slate, but less iron-pyrites. 7. Potstone occurs in considerable beds. 8. Flinty-slate occurs in considerable beds in this great formation.


  4. It sometimes forms whole mountains, and even chains of mountains. Its mountains have usually a gentle acclivity; and its cliffs are not so steep and rough as those of mica-slate or gneiss. It is 124 more favourable to vegetation than any of the rocks we have hitherto described; and it is observed that the quantity of vegetation increases from granite to clay-slate; and this appears to depend, not so much on the lower level of the outgoings of its strata, as on the nature of the rock itself.


  We can thus observe a gradual change in the shape of mountains, also of their cliffs and valleys, from granite to clay-slate; and these differences are so striking and characteristic, that a long experienced eye can, at a glance, from the summit of a mountain, point out with considerable certainty the different formations of which a country is composed. Landscape-painters, by confounding together all these differences, or by combining them irregularly, fail not only in accuracy, but in giving their work that appearance, which shews at first glance that it is not only a copy of nature, but a copy by one who has formed a distinct conception of the most general and particular features of the inequalities observable on the surface of the earth. Some affect to maintain, that the grand features of mountains and plains, are different in different zones. Thus, that in the torrid zone, for example, the shape, cliffs, and other appearances in mountains, are different from those in the temperate zone. This, however, is a mistake; for the same formation in all countries presents similar external characters; and as the great 125 formations are universal, no such differences can exist. It is true, that the blue colour of the heaven, its degree of illumination, the appearance of distant mountain-vapour, the shape of animals, the luxuriance of vegetables, combined with the features of mountains, will form a particular character for each climate; but still the aspect of the rocks of the same formation, in whatever country they occur, will be the same. Thus the cliffs of granite and mica-slate, have the same appearance in India and Siberia as in Scotland; and the valleys of the Urals, do not differ in shape and other features from those formed by similar rocks in this neighbourhood.


  5. Clay-slate is one of the most metalliferous of the primitive rocks. It contains many of the venigenous formations that occur in the preceding primitive rocks, as tin, lead, cobalt, and silver. Very considerable metalliferous beds also frequently occur, and these contain copper-pyrites, red copper-ore, copper-green, copper-azure, malachite, iron-pyrites, magnetic pyrites, glance-cobalt, grey cobalt-ore, arsenic-pyrites, blende and lead-glance. Gold also occurs in this formation, and it is said also cinnabar.


  6. It is a very widely extended rock. In this country, it skirts the Highlands from Lochlomond by Callender, Comrie, and Dunkeld; in the whole of that extensive district, resting on and gradually passing into mica-slate: the same 126 appearances are to be observed in many other quarters in Scotland. On the Continent of Europe, it has been traced through a great extent of country: thus it occurs in Saxony, Bohemia, Silesia, Franconia, Bavaria; the Alps of Switzerland, Austria, Hungary, and many other parts in Europe. It occurs also in considerable quantity in North America, as Pennsylvania: Also in immense quantity in South America; thus it is said, that nearly the whole country between Potosi and Lima, is composed of it.


  5.


  Primitive Limestone.


  Ur Kalkstein.—Werner.


  Primitive Limestone, Kirwan.—Calcaire primitif, Brochant.


  1. This is a simple mountain rock. Its most common colours are snow, yellowish, greyish, greenish, and reddish white; it is sometimes also grey, and the newer varieties incline to yellow. Its structure is always granular. In the oldest members of the series, the colour is pure white, is rather translucent, and is coarse-granular: in the newer members, the colour is less pure, the translucency less considerable, and the granular distinct concretions smaller; and in the newest, the concretions are so small as only to be discoverable by their glimmering lustre.


  It frequently contains accidental 127 ingredients, and these occur more frequently in the older than in the newer members of the series. We shall mention some of these: 1. Quartz. It occurs in massive pieces of greater or less magnitude, and sometimes also in crystals. 2. Mica. It sometimes occurs in such quantity as to give the stone a slaty fracture. These two fossils, namely, quartz, and mica, are the most common accidental fossils that occur in primitive limestone. The less frequent are the following; common hornblende, actynolite asbest, serpentine, talc, steatite, tremolite, garnet, calc-spar, and slate-spar.


  2. It occurs more or less distinctly stratified. It was once the opinion, that granular aggregated stones, as primitive limestone, granite, sienite, greenstone, &c. were never stratified. This, however, is a mistake. Primitive limestone also occurs in beds of greater or less magnitude: sometimes these beds are short and thick, and are then said to form lying masses (liegende Stocke); sometimes the beds are so thick as to form whole mountains, but this latter is a rare occurrence.


  3. There are several formations of primitive limestone. The oldest is that which occurs in gneiss; the next in age is that in mica-slate; and the newest is that found in Clay-slate. It increases in quantity from the oldest to the newest period.


  4. It frequently contains ores of different kinds, and these occur often in beds, but seldomer in veins. The metalliferous beds contain ores of different kinds, as lead-glance, blende, 128 magnetic ironstone, magnetic pyrites, auriferous arsenic-pyrites, and native gold. The veins are very inconsiderable, and by some mineralogists are said to contain principally manganese.


  5. Several beautiful varieties occur in this country, as in the islands Tiree, Icolmkill, and Skye; also in the county of Sutherland, and many other places. The marble of Sutherland is said to be particularly valuable. The promontory of Athos, in the Archipelago, is said to be composed-of primitive limestone; also the Island of Paros, and part of the Appenines, as about Carrara and Massa, many parts of the Alps of Switzerland, the Pyrenees, Carrapatos in Portugal, Uld in Sudermanland, Bohemia, Saxony, Silesia, and many other parts of the continent of Europe.


  6.


  Primitive Trap.


  Ur-Trap.—Werner.


  Trapps Primitifs, Brochant.


  The rocks belonging to the trap formation are placed immediately after those of the clay-slate formation, because they both occur first in considerable quantity in clay-slate, and seem more intimately connected in various relations with that rock, than with mica-slate or gneiss.


  1. The name trap is derived from the Swedish word trappa, signifying a stair. The Swedes applied this name to fossils which, on 129 exposure to the air, assumed shapes resembling the steps of a stair. It was, however, soon extended to a considerable variety of rocks of very different formations: hence Werner found it necessary to restrict its signification. He understands, by Trap, rocks principally characterised by the presence of hornblende and black iron-clay. Hence all rocks occurring in the primitive class, having hornblende as a characteristic or predominating ingredient, belong to the Primitive Trap Formation.


  2. Hornblende occurs in trap rocks, either alone or mixed with other fossils, and having different structures; and this affords a good basis for their subdivision. In the oldest trap, no iron-clay occurs; it first makes its appearance in the transition period, and increases in the newer periods.


  The Primitive Trap, in particular, is almost always distinguished by a great predominance of hornblende, so that some of the kinds are wholly or almost entirely composed of hornblende. This character affords the first subdivision of the primitive trap.


  There are three principal species of primitive trap, and these again have their subordinate kinds.


  The following table exhibits the rocks of this series.


  


  1. Common hornblende rock.


  a. Granular hornblende rock.


  b. Hornblende Slate.


  2. Hornblende mixed with 130 felspar.


  a. Greenstone.


  α. Common Greenstone.


  β. Porphyritic Greenstone.


  γ. Greenstone Porphyry,


  δ. Green Porphyry.


  b. Greenstone Slate.


  3. Hornblende mixed with mica.


  


  The three principal species are, 1. Common Hornblende-rock; 2. Hornblende mixed with felspar; and, 3. Hornblende mixed with mica.


  1. Common Hornblende-rock is almost entirely composed of hornblende. It contains two subordinate kinds; the first is denominated Granular Hornblende-rock; the second, which differs from the first only in having a slaty structure, is denominated Hornblende-Slate. It passes sometimes into gneiss, and sometimes into chlorite-slate, and often into hornblende-rock. These two rocks occur in gneiss and mica-slate, and in beds which are but few in number, and inconsiderable in magnitude; whereas, in clay-slate, they occur in frequent and very thick beds, and even sometimes in mountain-masses.


  It occurs in the Islands of Arran, Coll, and Tiree; also in the district extending from Loch Lomond to Dunkeld, and many other places of the Highlands of Scotland. It abounds also in Bohemia, Saxony, the Tyrol, Siberia, and many other countries.


  2. Hornblende mixed with Felspar. This 131 species contains two subordinate kinds; the first is, Green-stone, the second Greenstone-Slate.


  (1.)The Greenstone comprehends the following varieties:Common Greenstone, Porphyritic Greenstone, Greenstone-Porphyry, and Green Porphyry.


  a. Common Greenstone is a granular aggregate of hornblende and felspar, b. Porphyritic Greenstone is the preceding kind including large crystals of felspar, and consequently having a porphyritic structure, c. Greenstone Porphyry. In this variety the granular basis, which is with difficulty distinguishable, includes crystals of felspar. It is the Black Porphyry of the ancients, d. Green Porphyry. In this variety the granular nature of the basis is no longer visible to the naked eye; it appears uniform and simple; has a blackish green or pistachio green colour, and includes crystals of compact felspar. It is the Porfire verte, or antique green porphyry, of antiquaries. The Variolite probably belongs to the green porphyry.


  Greenstone appears sometimes stratified. Its different varieties first appear in gneiss, then in mica-slate, and lastly in clay-slate. In mica-slate, but more particularly in gneiss, the beds are few and inconsiderable; whereas, in Clay-slate, they are numerous and of great magnitude. It probably, in some instances, occurs in an uncomformable and overlying position, and hence may be sometimes considerably newer than clay-slate.


  It occurs abundantly in this country. Thus 132 the clay-slate and mica-slate that form so great a portion of the country extending from Loch Lomond, by Callander, Comrie and Dunkeld, contain numerous beds of greenstone; and there, as is the case in all other countries, the clay-slate contains more numerous and larger beds than the mica-slate. It is also very abundant on the continent of Europe, as Norway, Saxony, Bohemia, Silesia, Thuringia, Hungary, the Alps of Switzerland, and Savoy.


  (2.)Greenstone-Slate is composed of hornblende and compact felspar, and has a distinct slaty structure. The felspar in general is rather more abundant than the hornblende. It sometimes contains scales of mica.


  It occurs only in clay-slate, and appears to be the newest of the primitive traps. It occurs in great beds, and even mountain-masses; so that in some countries, as Sweden, it is said to form ranges of hills. It is very metalliferous. The celebrated mining district of Gersdorf, in Saxony, is situated in this rock. The mining district of Rudolstadt in Silesia, and of Adelfors in Sweden, are also in greenstone-slate.


  3. Hornblende mixed with Mica. This is an intimate mixture of hornblende and felspar, that includes scales of mica. It occurs, in beds, in gneiss and mica-slate.


  Primitive Trap forms high, steep and conical 133 hills, and sometimes it appears in great rocks.


  7.


  Serpentine.


  Serpentin.—Werner.


  Serpentine, Brochant.


  1. The next rock, in some degree particularly related to clay-slate, is Serpentine, and hence we naturally consider its various characters and relations immediately after those of limestone and trap.


  It is a simple mountain-rock, of which a description has been given in the 1st volume of the System. It frequently contains a considerable variety of accidental fossils, or is indeterminately mixed with another fossil. Of the latter only one instance is known. It is the mixture of limestone and serpentine, forming what is denominated the Verde Antico. The accidental mixed fossils are common talc, indurated lithomarge, steatite, common asbest, amianth, mica, schiller-stone, natural magnesia, meerschaum, actynolite, rock-cork, rock-wood, pyrope, opal, chrysoprase, hornstone, amethyst, quartz, and hornblende crystals.


  2. It is very indistinctly stratified.


  In the newer formation, small veins of magnetic ironstone occur; and, if the serpentine of Cornwall belongs to this formation, also small veins of native copper. The older formation is richer in ores, but still the variety and quantity is very 134 inconsiderable. Lead glance, auriferous arsenic pyrites, and silver ores, are the only metalliferous substances hitherto discovered in it.


  3. There are at least two and probably more formations of serpentine. The first and oldest, is that which occurs along with white primitive limestone, and which is principally composed of Precious Serpentine. This formation occurs at Portsoy, of which a particular description will be found in the second volume of my Mineralogy of the Scottish Isles. It occurs also at Joachemsthal in Bohemia, where it appears in beds that lie in gneiss and mica-slate; also at Reichenstein in Silesia, and in Sweden.


  The second or newer formation never occurs with limestone, is composed of common serpentine, and is particularly characterised by its occurring in an unconformable and overlying position, and is consequently newer than the first, which occurs in beds, and in a conformable position in the older rocks. It is sometimes also broken. This formation occurs in Bohemia, Silesia, and the Electorate of Saxony. The serpentine of the islands of Unst and Fetlar, two of the Shetlands, are probably of this formation. The geognostic relations of the Cornish Serpentine, have not hitherto been satisfactorily ascertained.


  4. Serpentine occurs first, but sparingly, in gneiss, and gradually increases in quantity to the newest period, where it reaches its 135 maximum, and beyond this period it scarcely appears.


  5. It is very nearly allied to the rocks of the trap formation, and therefore it is described immediately after them.


  6. The three immediately preceding primitive rocks, namely, Primitive Limestone, Primitive Trap and Serpentine, are not so abundant, nor so general as the four older formations. Porphyry, whose geo gnostic relations we are now to describe, is one of the most widely extended formations.


  8.


  Porphyry.


  Porphir.—Werner.


  Porphyre, Brochant.


  1. The Grecian word from which the name Porphyry is derived, signifies red; hence the name of the formation is borrowed from that kind, which is denominated Antique Red Porphyry. It is worthy of remark, that red, or colours bordering on it, or passing into it, prevail in rocks belonging to the Porphyry Formation.


  2. It is a compound rock, having a basis, in which the other cotemporaneous constituent parts are imbedded, either in the form of grains or crystals. Neither the base nor the imbedded parts are always of the same kind. On the differences of the first, depends the distinction of the different kinds of porphyry. The base is sometimes clay-stone, sometimes hornstone, sometimes compact felspar, which on close examination appears 136 granular foliated; further, also, pitchstone, pearlstone, and obsidian. The imbedded parts are most commonly felspar and quartz, which are usually crystallized, more or less perfectly, and hence they appear sometimes granular. The quartz is usually crystallized, and in double six-sided pyramids. The felspar crystals are broad six-sided prisms, but usually very indistinct. The felspar is more or less fresh, sometimes even glassy, sometimes completely disintegrated and earthy, and sometimes appears only like white specks. It is difficult to determine, whether or not this is original, or the consequence of weathering. The frequency and magnitude of these mixed parts, modify the appearance of the different kinds of porphyry very much. Sometimes one, sometimes the other, but more frequently both occur together, and along with these several others which are less frequent, as crystals of hornblende and mica. The basis and the mixed parts of the porphyry also differ in colour and several other properties. It sometimes contains chalcedony and agate, sometimes in massive pieces, sometimes in small layers or plates. Further, there sometimes occur balls of a greater or less size; in clay-porphyry the centre of these balls is chalcedony, but their exterior is hornstone porphyry. In Pitchstone-Porphyry, these balls are composed of a particular kind of conchoidal hornstone, but the centre is quartz. These balls are nearly of cotemporaneous formation with 137 the base in which they are included. It sometimes also contains precious and common opal, and these are either disseminated through it, or traverse it in the form of very small veins.


  3. Porphyry is seldom stratified, and when it is stratified, the strata are very indistinct. It is usually either unseparated, and merely traversed by numerous accidental rents, or separated, that is, in distinct concretions. Sometimes it presents tabular and columnar distinct concretions; sometimes globular concretions, and these, again, are composed of concentric lamellar concretions.


  4. It contains no foreign beds; and the only rock with which it alternates is sienite; and this alternation takes place only in the second porphyry formation. It contains no beds of limestone, and no talcaceous fossils.


  5. There are two distinct formations. The First or Oldest Porphyry Formation, occurs, first, in gneiss, in beds of great magnitude; sometimes, indeed, forming mountain-masses. It appears also in beds in mica-slate and clay-slate. Between Blair-in-Athol and Dalnacardoch there is a very fine, example of a bed of porphyry in gneiss.


  The Second, or Newer Porphyry Formation, is much more widely extended than the other, and it occurs in unconformable, overlying, and often broken stratification, covering all the preceding primitive rocks.


  The Oldest Porphyry Formation, consists principally of hornstone-porphyry and 138 felspar-porphyry: The Newer Porphyry Formation, principally of clay porphyry: It also contains pitchstone-porphyry, pearlstone-porphyry, and obsidian-porphyry. In the older formation, there occurs no chalcedony or agate, no hornstone-balls, or distinct concretions. By these characters the two formations are distinguished from each other.


  The resemblance of the newer porphyry, to the newest flœtz-trap formation, is deserving of attention. The points of agreement are in the stone itself, in the structure of the rocks, in the exterior of the mountains, and in their stratification.


  6. It sometimes contains considerable repositories of ore; but these are neither so frequent nor so abundant as those in the older primitive formations. The ores always occur in veins, never in beds: Gold, silver, lead, tin, copper, iron, and manganese, occur in it; but chiefly in the newer porphyry. The most considerable mines in Hungary are in this newer porphyry[7]. A peculiar formation of grey antimony ore occurs in newer porphyry at. Ilmenau in the Hartz.


  7. In Scotland it occurs sparingly; in the island of Arran; near Blair-in-Athol, and between Dalnacardoch and Tummel-Bridge in Perthshire, at Glamoscard in the island of Skye, and in the Shetland" Islands. On the continent, we can trace it from Norway nearly to the borders of the Black Sea. Thus, it first appears in Norway, next in 139 Sweden, Finland, the Hartz, the Thuringer Wald-gebirge (Forest of Thuringia), Saxon Erzgebirge, Silesia, Bohemia, Franconia, Bavaria, Austrian hereditary dominions, Salzburg, the Tyrol, Carinthia, Carniola, Greece, several of the islands in the Archipelago, as Patmos; Hungary, and Transilvania. It has been also observed in Upper Egypt, Siberia, and South and North America.


  9.


  Sienite.


  Granite of some mineralogists.—Roche amphibolique, Hauy.—Granitelle, Saussure. —Sienite, Kirwan Sienite, Brochant.


  1. The name Sienite is used by Pliny, and is derived from the city of Syena in the Thebaid, at the cataracts of the Nile, where it occurs in great quantity, and from whence the Romans brought it to Rome for architectural and statuary purposes.


  2. Sienite is a compound granular aggregated rock, composed of felspar and hornblende, and sometimes contains quartz and black mica. The hornblende is the characteristic ingredient, and distinguishes it perfectly from granite, with which it is often confounded; but the felspar, which is almost always red, and seldom inclines to green, forms the most abundant and essential ingredient of the rock.


  Some varieties contain a very considerable portion of quartz and mica, but little hornblende. This is particularly the case with the Egyptian varieties, and hence these are often confounded with real granite.


  As it has many points of agreement with greenstone, it is necessary to compare them 140 together. In greenstone, the hornblende is usually the predominating ingredient; in sienite, on the contrary, it is the felspar that predominates. In greenstone, the felspar is almost always green, or greenish; here, on the contrary, it is as constantly red or reddish. Quartz and mica are very rare in greenstone, and in inconsiderable quantity; whereas they are rather frequent in sienite. Lastly, Greenstone commonly contains iron-pyrites, which, on the contrary, does not occur in sienite.


  It has either a simple granular base, or it is granular-porphyritic, and then it is denominated porphyritic sienite. When the parts of the granular base are so minute as to be distinguished with difficulty, and it contains imbedded in it large crystals of felspar, the rock is termed sienite-porphyry.


  3. It is sometimes unstratified, sometimes very distinctly stratified. It sometimes shews a tendency to the columnar structure.


  4. It contains no foreign beds.


  5. It occurs in unconformable and overlying stratification over granite, gneiss, mica-slate, and clay-slate, and is pretty continuous, and covers most of the primitive rocks.


  When accompanied with any rock, it is the second porphyry formation on which it reposes, and into which it passes. It is extremely nearly allied to porphyry, and, indeed, both together constitute one formation.


  6. It is equally metalliferous with porphyry. In the island of Cyprus it affords much 141 copper: many of the important silver and gold mines in Hungary are situated in it. The sienite of the Forest of Thuringia affords iron.


  7. In this country, there is a fine example of sienite in Galloway, where it forms a considerable portion of the hill named Criffle. On the continent, it occurs in the Electorate of Saxony, the Forest of Thuringia, Upper and Lower Hungary, Transilvania, the island of Cyprus, and Upper Egypt.


  10.


  Topaz-Rock.


  Topaz-Fels.—Werner.


  1. The remaining primitive rocks we have now to describe, are less important than those we have already described, because they occur less abundantly and not so widely extended. One of the most remarkable of these is the Topaz-rock, which is not only remarkable on account of its constituent parts, but also its structure. It is composed of quartz, topaz, schorl, and a small portion of lithomarge. The quartz is fine granular; the schorl thin prismatic; the topaz usually coarse and fine granular, and has commonly a grey colour, which is to be attended to in its discrimination. These three fossils are disposed in layers, and thus form a slaty structure: but this slaty structure, occurs only in the small; for these layers are collected into particular large granular masses, so that the topaz-rock appears large granular in the great: a kind of structure which is termed slaty-granular. 142 The drusy cavities that sometimes occur between these concretions frequently contain regular crystallized topaz and quartz; sometimes also schorl and lithomarge, of the same colour as the topaz.


  2. Its stratification is uncommonly distinct.


  3. Its geognostic position has not been hitherto satisfactorily ascertained. It appears to lie on gneiss and under clay-slate.


  4. It is a very rare rock, having been hitherto found only in one place in Germany, near the town of Auerbach, in the Saxon part of Voightland, where it forms a mountain-mass of considerable extent; and is there known by the name of Schneckenstein. A rock composed of topaz, beryl, quartz and lithomarge, occurs in the mountain of Odontschelon, and in the neighbourhood of Mursinsk in Siberia, which resembles topaz-rock, and is suspected to be the same with that of Auerbach. The schorl-rock of Cornwall is probably very intimately connected with topaz-rock [8].


  11.


  Quartz-Rock.


  Quartz-Fels.—Werner.


  1. It is a simple mountain-rock. When carefully examined, it appears composed of small and flattish, granular distinct concretions, which have a pretty uniform direction. It is sometimes 143 intermixed with mica, and then it acquires a slaty structure, and inclines to mica-slate. It is not distinctly stratified, but is traversed by numerous fissures, that have often a remarkable degree of regularity.


  2. It is probable that certain varieties occur in an unconformable and overlying position, over the older primitive rocks. Those varieties that contain mica are principally confined to the older formations, viz. granite, gneiss, and mica-slate.


  3. As it occurs, when compared with the preceding formations, in small quantity, and is of little extent, it is probable that it will be found in general to contain but few or no foreign beds, and no ores. As far as our present experience reaches, it contains neither ores nor foreign beds.


  4. In this country it occurs in considerable quantity, as in the mountains of Scuraben and Morven in Caithness; near Portsoy; in the islands of Isla, Jura, and Coll. On the continent, it appears in the Electorate of Saxony, Lusatia, Bohemia, Silesia, Bavaria, &c.


  12.


  Primitive Flinty-Slate.


  Kiesel-Schiefer.—Werner.


  1. This is a simple primitive rock, and contains two subspecies, viz. Common flinty-slate, and Lydian-stone. Both subspecies are traversed by numerous veins of quartz.


  Like quartz, it forms mountain-masses, 144 which exhibit high, rough and cliffy rocks.


  2. It occurs in considerable beds in Clay-slate: besides this, there is transition and probably even flœtz flinty-slate.


  3. It occurs in beds in Clay-slate near Hoff, in the Principality of Bareuth; also near Hainchen, in the vicinity of Freyberg, where it is said to occur in an unconformable and overlying position: in the Franconian part of the Fichtelgebirge. It alternates with beds of clay-slate and alum-slate; and in the same country it occurs in veins. The veins are stratified, and the little strata or layers of flinty-slate are parallel with the sides of the veins, and alternate with layers of alum-slate and brown ironstone.


  13.


  Primitive Gypsum.


  1. This is the least important of all the primitive rocks.


  It is a simple rock, and is not only granular, but mixed with mica and Clay-slate, which gives it a slaty structure, and also distinguishes it from flœtz-gypsum, which never contains any of these substances.


  2. It has been hitherto found only in beds in mica-slate, along with limestone and hornblende-slate.


  3. It has been hitherto found only in the Alps of Switzerland.


  14.


  White-Stone.


  Weiss-Stein.—Werner.


  The characteristic colour of this rock is 145 white, hence its name. It is principally composed of compact felspar, and very little mica, and has sometimes a slaty, sometimes a granular structure. In some varieties the scales of mica are very abundant, and these resemble mica-slate. It contains, as accidental constituent parts, garnet and kyanite. It has been hitherto found only in Saxony and Moravia, on the Continent, and a variety of it appears in the mountains in the South of Scotland.


  CHAP. VII.


  Class II.—Transition Rocks.


  Uebergangs-gebirge.—Werner.


  This important series of rocks was first established as a distinct class by the acuteness of Werner. They were long confounded with the newer primitive rocks. They are supposed to have been deposited during the passage or transition of the earth from its chaotic to its 146 habitable state. Hence they contain the first traces of organic remains and mechanical depositions, and are denominated Transition rocks. They are also highly important, as connecting the Primitive with the Flœtz rocks, and thus preserving the beautiful series of transitions which are to be traced from the oldest primitive to the newest alluvial formation.


  The number of transition rocks is but few. The following are all that have been hitherto observed, 1. Transition Limestone. 2. Transition-Trap. 3. Grey-wacke. 4. Flinty-Slate.


  1.


  Transition-Limestone.


  Uebergangs Kalkstein.—Werner.


  This, which appears to be the oldest member of the transition class, is a simple rock. The granular district concretions are so extremely minute, that it appears usually with a splintery or flat conchoidal fracture. It is well characterised by its variegated colours, which are black, smoke-grey, bluish, and greenish grey, and red. It is very frequently traversed by small veins of calcspar. It contains petrifactions of marine animals, as corallites, encrinites, pentacrinites, entrochites, trochites; and although these are not all confined to this rock, yet they gradually disappear in newer formations, and when they do occur, are accompanied with petrifactions that never appear in transition rocks. It frequently also contains caves of greater or lesser magnitude; a character, 147 however, which is not peculiar to this rock, as similar and more numerous caves occur in the second flœtz limestone. It is sometimes stratified, but more often it occurs in very thick masses, where no stratification is to be observed. It is this circumstance that renders transition-limestone so valuable in architecture. As it is the oldest rock of the transition period, it rests immediately on newer clay-slate; its newer members alternate sometimes with grey-wacke, and sometimes with transition trap. The outgoings of its strata do not reach to a great height in primitive mountains, yet they are far higher than those of flœtz-limestone.


  When it occurs in mountain-masses, it forms rough cliffs, immense mural precipices, and narrow and deep valleys.


  It is not particularly metalliferous. We possess very little satisfactory information respecting either the kind, repository, or quantity of ore it contains.


  It occurs in beds in Peeblesshire[9], Lanarkshire, and Dumfriesshire. It is said that the limestone of Derbyshire is transition; but that country has not been sufficiently examined. On the Continent it occurs in the Hartz; Forest of Thuringia; Saxon Erzgebirge, Silesia, Bohemia, Bavaria, Moravia, the Tyrol, Italy, Salzburg, and Hungary.


  2.


  Transition-Trap.


  Uebergangs Trap.—Werner.


  This rock appears to be older than 148 grey-wacke, and in some degree connected with transition-limestone. It is intermediate between primitive and flœtz trap. It contains greenstone and amygdaloid. The greenstone is less crystalline than the primitive, but more crystalline than the flœtz greenstone. It is seldom porphyritic. The amygdaloid approximates it to the newest floetz-trap formation, from which, however, it is distinguished by the absence of porphyry-slate, grey-stone, basalt, gravel, sand, clay and loam.


  We have principally two rocks in this formation to make ourselves acquainted with, namely, Greenstone and Amygdaloid.


  1. Transition-Greenstone. This is a fine granular mixture of hornblende and felspar; and sometimes the mixture is so intimate, that the constituent parts are not to be distinguished. Quartz sometimes traverses it in the form of veins, or is disseminated through it; a character which distinguishes it from flœtz-greenstone, which rarely contains quartz. Sometimes it occurs in globular distinct concretions, and these again of curved lamellar concretions, forming the Globular Rock (Kugelfels) of Voigtland. Sometimes it is penetrated with reddish-brown oxide of iron, which, combined with the dark green colour of the hornblende, gives the rock a liver-brown colour; hence 149 it is denominated in Voigtland where it occurs, Leberfels, Liver Rock. Beds of it occur in the upper part of Dumfriesshire, in the Hartz, Bohemia, &c.


  2. Transition-Amygdaloid. The base of this rock is wacke, which approaches more or less to the nature of greenstone, and sometimes inclines to basalt, sometimes to iron-clay. The vesicles are filled sometimes with clay, sometimes with flinty substances, as calcedony and agate. Great beds of it occur in Derbyshire along with transition-limestone; also in the vicinity of the same kind of limestone in the Hartz, and near Zwickaw in the Electorate of Saxony. Transition-trap does not appear to be very abundantly distributed, and in this respect it yields to most of the transition rocks.


  3.


  Grey-Wacké.


  Grau-Wacke.—Werner.


  This rock is more important and more widely distributed than the preceding; it is the most important rock of the transition class. With it commences a new geognostic period, namely, that of the appearance of mechanical depositions.


  It contains two kinds, viz. Grey-wacke, and Grey-wacke Slate.


  1. Grey-wacke. It is a kind of sandstone, but very different from any of those that occur in the flœtz period.: It is composed of grains of 150 sand, which are of various sizes, and sometimes even approach in magnitude to rolled masses. These are connected together by a basis of clay-slate, and hence this rock derives its grey colour and solidity. These fragments are sometimes quartz, sometimes a kind of indurated clay-slate, and sometimes flinty-slate.


  2. Grey-wacke Slate. When the sandy particles of grey-wacke become so small as to be scarcely perceptible to the eye, it acquires a slaty structure, and then forms Grey-wacke Slate. This rock bears a striking resemblance to clay-slate, from which, however, it is well distinguished by the following characters: 1. It has seldom a greenish or light-yellowish grey colour, as is the case with primitive slate, but is usually bluish, ash and smoke grey. 2. It does not shew the silvery continuous lustre of primitive clay-slate, but is rather glimmering, which originates from scales of mica. 3. Quartz scarcely occurs in it in layers, but usually traverses it in the form of veins. Further, we do not find in it, 4. Crystals of felspar, schorl, tourmaline, garnet, or hornblende. 5. No beds of garnet, talc, chlorite-slate, or magnetic ironstone. 6. But it contains petrifactions, particularly those varieties that border on grey-wacke. 7. It alternates with grey-wacke.


  Both grey-wacke and grey-wacke slate, are distinctly stratified, but the former is usually more distinctly stratified than the latter. They 151 frequently alternate with each other, and sometimes with beds of transition-limestone, trap, and flinty-slate, and coal-blende.


  This rock is uncommonly productive of metals, not only in beds but also in veins, which latter are frequently of great magnitude. Thus almost the whole of the mines in the Hartz are situated in grey-wacke. These mines afford principally argentiferous lead-glance, which is usually accompanied with blende, fahl-ore, black silver-ore, and copper-pyrites. A more particular examination discloses several distinct venigenous formations that traverse the mountains of the Hartz. The grey-wacke of the Saxon Erzgebirge, of the Rhine at Rheinbreidenbach, Andernach, &c., of Leogang in Salzburg, is rich in ores, particularly those of lead and copper. At Vorospatak and Facebay, in Transilvania, the grey-wacke is traversed by numerous small veins of gold.


  The whole of the important lead-glance formation of Leadhills and Wanlockhead, is situated in grey-wacke.


  It was for a long time supposed, that this rock was peculiar to the Hartz, where it occurs in great quantity: later investigation, however, have shewn, that it is widely and abundantly distributed. Besides the Hartz, it occurs also in the Electorate of Saxony, on the Rhine, as at Ehrenbreitstein and Oppenheim; Bohemia, Silesia, Moravia, Salzburg, Switzerland, Pyrenees, 152 Transilvania, Tuscany, France, and Portugal; nearly all the mountains in Scotland that lie to the north of the Frith of Forth, are principally composed of this rock, and many, if not the whole, of the mountains in Cumberland, appear to be of the same nature[10].


  4.


  Transition Flinty-Slate.


  Uebergangs Kieselschiefer.—Werner.


  Schiste siliceux de transition, Brochant.


  This rock does not differ in its oryctognostic characters from that found in in primitive rocks, and its geognostic structure is similar.


  It occurs in considerable beds in grey-wacke slate in Bohemia, and at the Leadhills in Clydesdale.


  To the preceding series, we may add,


  Transition-Gypsum.


  Uebergangs Gyps.—Von Buch.


  This rock is placed in the transition class, on the authority of Von Buch, who describes it as occurring in a metalliferous bed in grey-wacke slate at Leogang in Salzburg. It would appear also to occur in the Alps of Switzerland.


  CHAP. VIII.


  Class III.—Flœtz-Rocks.


  Flœtz Gebirge.—Werner.


  Roches stratiformes ou secondaires, Brochant.


  1. It was long the prevalent opinion, 153 that the various rocks of this class were confined to particular districts, and were therefore partial and unconnected depositions. The discoveries of Werner, and the numerous observations made in different parts of the earth by his pupils, have demonstrated, that the flœtz, like the primitive and transition rocks, are in general universal formations, consequently extend around the whole globe.


  2. They occur usually at the foot of primitive mountains, or in deep valleys, and in the first case they are generally very widely extended. They all present a gradually diminishing level of the outgoings of the newer and newer formations, excepting in the case of the newest formation, where the position is unconformable and overlying. They seldom reach to a very great height, which shews that the ocean, although universal, did not at that time cover the whole earth. There is, however, an exception to this in the newest flœtz trap formation, which we find covering the summits of mountains of great height in an 154 overlying position, thus shewing its period of formation to be different from that of the other flœtz rocks, and that the water must have again stood very high during the time of its deposition.


  3. Countries composed of flœtz rocks are not so rugged, nor do their inequalities rise so rapidly as in those where primitive and transition rocks prevail; on the contrary, their surface has a waved appearance, being composed of gently-rising round-backed elevations and depressions, and the valleys are not so deep as in the older classes of rocks.


  4. The flœtz-rocks contain a great variety and number of petrifactions of animals and vegetables; and these, as we have already mentioned, increase in variety and quantity, the newer the formation.


  5. Bituminous fossils first appear in this class of rocks, and continue increasing in quantity the newer the formation; so that the newest formation contains immense beds of coal.


  6. Limestone also occurs in great quantity in this class; and this great abundance of limestone is characteristic of it.


  The formations belonging to this class are the following:


  


  1. First or Old Red Sandstone.


  2. First or Oldest Flœtz-Limestone.


  3. First or Oldest Flœtz Gypsum.


  4. Second or Variegated Sandstone.


  5. Second Flœtz-Gypsum.


  6. Second Flœtz or Shell-Limestone.


  7. Third 155 Flœtz-Sandstone.


  8. Rock-Salt Formation.


  9. Chalk Formation.


  10. Flœtz-Trap Formation.


  11. Independent Coal Formation.


  12. Newest Flœtz-Trap Formation.


  


  All these formations occur, in general, in a conformable position, but are covered with a great formation, which we have already repeatedly mentioned, namely, the Newest Flœtz Trap.


  We shall now describe each of these formations, but shall premise a few observations on Sandstone in general, as it is the first rock we have to describe.


  Sandstone.


  Sandstein.—Werner.


  1. Sandstone is a conglutinated or cemented stone, composed of grains of sand or gravel, connected together by means of clay, marl, quartz, or clay much impregnated with iron. The most friable sandstone, is that with a base of marl; the most solid, that with a base of quartz [11]. The white or greyish-coloured sandstone is the best fitted for the purposes of architecture.


  Some kinds of sandstone contain spots, or considerable masses of clay, which have usually a green colour. They are denominated stone-galls by quarriers, and characterise a particular sandstone formation. Other kinds are much mixed with ochre of iron, which gives them 156 a reddish colour; and most of these varieties belong also to a particular formation. Lastly, Some kinds are much intermixed with mica; and this is particularly the case with the friable varieties that occur in the coal formation.


  Certain varieties of sandstone have so loose a texture, as to allow water to pass through them, and these are used for filtrating water. Sandstone of this kind occurs at Budin, Libchowitz, and Msseno, in Bohemia; in Saxony; on the coast of New Spain, and in the Canary lsles. A remarkable porous sandstone occurs in the vicinity of Minden, Göttingen, and Cassel.


  Other kinds of sandstone are vesicular; a decisive proof, that chemically-dissolved matter has been mixed with the mechanical.


  The magnitude of the grains of sandstone vary, from the smallest distinguishable by the naked eye, to that of an egg, and sometimes even larger; and then the sandstone passes into what is denominated conglomerate. We frequently observe in the same mountain, beds, composed of small grains, alternating with those in large grains, but we rarely find such an alternation in the same bed; on the contrary, the lower part of the bed contains the largest, and the upper part the smallest grains: hence such an alternation of beds, as that we have just described, is not to be considered as contrary to the laws of hydrostatics, as has been asserted by some.


  2. Sandstone is distinctly stratified; 157 and the strata are usually almost horizontal. This is also the case with the other flœtz-rocks: hence the German name flœtz, which signifies flat. Particular kinds of Sandstone are intersected in a perpendicular direction by rents; and these rents are not only parallel among themselves, but are perpendicular to the strata; consequently, the masses formed by the widening of these rents have a more or less regular tabular form. These rents are the cause of the many particular shapes observed in sandstone.


  3. Certain sandstone formations are invariably accompanied with particular rocks, as sandstone-slate and roestone. Sandstone-slate bears the same relation to sandstone, that grey-wacke slate does to grey-wacke. It is composed of fine sand and scales of greyish-coloured mica. Its texture is thin slaty. It is distinguished from mica-slate by the mica it contains forming no continuum, not being connected together, but occurring in single unconnected scales, and alternating with layers of fine sand in place of quartz. It is found in the forest of Thuringia; in the county of Mansfeldt; at the foot of the Hartz mountains; and in the neighbourhood of Chemnitz, in the electorate of Saxony.


  4. Sometimes beds of coal occur in the sandstone formations. These beds, however, are of but little extent, and are thin, and must not be confounded with the independent or true coal formation, which is probably of a later date.


  5. Certain kinds of sandstone are 158 metalliferous. Where the old red-sandstone comes in contact with the first flœtz-limestone, which latter is remarkable for its abundance in ores, it is intermixed with ores of different kinds, and the sandstone is denominated Sand-ore. The ores are copper-pyrites, copper-glance, variegated copper-ore, and cobalt.


  6. Petrifactions occur in great variety and quantity in sandstone, but still not so abundantly as in limestone. Thus, in the red-sandstone of Kiffhauser, we meet with trunks of trees perfectly petrified, and similar bodies in the sandstone of Buchau. The sandstone at Pirna, which we shall describe afterwards, contains a variety of petrifactions, particularly ostracites. Near Mæstricht, a vast variety of petrifactions occur in sandstone. At Altsattel near Ellbogen, the sandstone contains numerous impressions of leaves, that appear to belong to vegetables analogous to the elder and willow; and these are accompanied with leaves of the nut-tree and with pine-cones. The sandstone in the neighbourhood of Aicha, Engilhaus, and other places near Carlsbad in Bohemia, contain numerous trunks, roots, branches, and leaves of trees. In other parts of the same country, we find large petrified trunks of trees, and fragments of wood-coal, even whole branches of trees nearly unaltered, being only slightly carbonized. Humboldt informs us, that in the very new sandstone formation that covers the northern and southern declivity of the Cordilleras, and also the 159 extremity of the island of Trinidad, there are numerous petrifactions; and these are partly of land, partly of marine animals. The sandstone of Scotland also contains numerous vegetable, and sometimes also animal petrifactions.


  1.


  Old Red Sandstone or First Sandstone Formation.


  Ælter rother Sandstein.—Werner.


  It rests immediately on transition, or, when these are wanting, on primitive rocks. It alternates from fine to coarse granular, which latter often inclines to conglomerate; yet in general its grains exceed in magnitude those of the newer sandstone formations. The grains are usually quartz and flinty-slate. Its cement is iron-shot clay, which gives to the whole a reddish colour. Although the principal character of this sandstone is the coarseness of its grains, and reddish colour, yet it sometimes occurs fine grained, and of a greyish colour; but this kind is usually in single beds, and in inconsiderable quantity. The reddish kind is denominated by the German miners, Rothe tode Liegende, or Red Dead Lier; and the grey variety, Weisse Liegende, White-Lier. The outgoings of its strata reach a more considerable height than those of any of the other flœtz formations. It is particularly distinguished by the bituminous marl-slate, or first 160 flœtz-limestone, resting on it.


  In the Hartz, it rests on grey-wacke and greywacke slate, and extends nearly around the whole of that country. It has been traced from the Hartz, through Saxony, Hessia, Bohemia, Silesia, and Franconia. It occurs also in Siberia, and in great abundance in England. The red sandstone of this country has not been hitherto sufficiently examined; so that we cannot say with perfect certainty to what formation it belongs. If the observations lately made in Germany by Karsten, Von Buch and others, be correct, much of the red-sandstone of this country will be found to belong to the old red-sandstone formation.


  2.


  Variegated Sandstone, or Second Sandstone Formation.


  Bunter Sandstein.—Werner.


  This sandstone is marked with yellow, green, brown, red and white stripes, and layers of different-coloured sandstone alternate with one another. It almost always contains clay-galls, and also sandstone-slate and roestone. By the action of the weather, these galls fall out, and the sandstone is left with considerable cavities; hence it cannot be used for the purposes of architecture. It reposes immediately on the first flœtz-gypsum, and is covered by the second 161 flœtz-limestone; lies much deeper, and its outgoings are much lower than those of the old red sandstone. Between this formation and the second flœtz limestone, there lies a bed of granular clay-ironstone, which has been traced through Bavaria, Franconia, Suabia, Salzburg, &c. The same bed appears in precisely the same geognostic situation in Thuringia, but there it appears only as little more than a brownish red seam or streak of iron-ochre.


  The whole country of Thuringia is filled with this formation. It occurs also in the districts of Mansfeldt and Magdeburg; in Franconia, and many other places in Germany. It probably accompanies the roestone in England.


  3.


  Third Sandstone Formation.


  Dritter Sandstein.—Werner.


  Besides the two preceding distinct and characteristic formations, there is a third which is very extensive. Its geognostic relations and age have not hitherto been very accurately ascertained; it appears, however, to be considerably newer than either of the sandstone formations already described. It is distinguished from them by the following characters. It contains many traces of coal; it does not present a variety of colours; on the contrary, is always white: it never contains clay-galls, nor does it alternate with sandstone-slate or roestone, and it never contains gypsum.


  No rock presents a greater variety of external appearance than this sandstone. Its 162 valleys are deep, rocky, and romantic; its hills conical, steep and cliffy; and it often presents grand colossal pillars, and masses which, from their number and variety of their shape, form most striking rocky scenes. These hills pillars and masses often reach a considerable height, but their summits are all nearly on the same level. One of the most striking appearances of this kind is at Adersbach in Bohemia. There we observe numberless cones, pyramids and pillars, sometimes isolated, sometimes joined together, and from two to three hundred feet high, spreading over a considerable tract of country. In other places caverns or grottos appear, from which there issue many streams, that give rise to waterfalls, and thus increase the beauty of this striking scene. These caverns are wide at the mouth, but become very narrow towards their further extremity, and are generally very short. This form shews that they owe their existence to external agents, particularly water. A more near examination discovers that the seams of the strata of the different isolated masses correspond to each other, which renders it probable that all these cones, pyramids, and pillars, have been formerly united, and that the perpendicular rents or fissures have given rise to this disunion, which has been afterwards increased by the action of the air, and by the water carrying away the softer or more loosely aggregated parts of the sandstone, and leaving the harder parts in these various forms. A similar appearance of sandstone 163 occurs near Tunis, and, from its striking resemblance to ruins, is described as the remains of a great city, by some travellers who saw it at a distance. In the land of the Namaquas in Southern Africa, and on the banks of the Wolga, there are similar appearances.


  This formation passes through the Electorate of Saxony, Lusatia, into Silesia and Bohemia, and is wrapped around almost the whole of the Riesengebirge.


  4.


  Partial Sandstone Formations.


  1. Besides the three preceding formations, there are probably several partial ones. Thus, at Wehrau in Lusatia, there are three sandstone formations of this kind. The first lies under limestone; the second over it, and it is covered by iron-clay, on which the third sandstone formation rests. It is probable that these three formations may prove to be but one, which is extremely limited in its extent, and which is also very new, because it lies on alluvial strata


  2. The sandstone at the Hill of Maestricht is probably also of the same æra.


  3. Sandstone also occurs in the newest flœtz-trap formation, but it is a more general deposition than that of Wehrau or Maestricht.


  4. Sandstone, as we have already observed, constitutes a part of the great slate-formation, and forms the continuation of it in the flœtz period. Although it is not an original, but a secondary formation, being principally composed of the fragments of pre-existing rocks, yet it 164 forms a considerable portion of the great series of universal formations that extend around the whole globe.


  2.


  Flœtz-Limestone.


  Flœtzkalk-Gebirge.—Werner.


  Calcaire stratiforme on secondaire.—Brochant.


  1. Flœtz-limestone, the next of the flœtz rocks we have to describe, is of equal importance with that we have just made ourselves acquainted with. It is a simple mountain-rock, and is distinguished from the limestone of the primitive and transition classes by its colour, lustre, fracture and transparency[12]. There are, however, a few exceptions. Thus we sometimes meet with granular foliated limestone among flœtz rocks, but it never constitutes a distinct formation, occurring only in single beds, Indeed, although a whole formation of granular foliated limestone should be found in flœtz rocks, the independence of the class would not be affected, for its characters are drawn from the most general appearance of the whole formation suite. The oldest granular foliated limestone that occurs among the flœtz rocks, is the Rauchwacke of Thuringia, which is a grey coloured granular foliated flœtz-limestone. A white-coloured granular foliated limestone, full of petrifactions, occurs in the Tyrol, and similar rocks have been observed in Switzerland, 165 Bavaria and Franconia. The occurrence of petrifactions in this granular foliated limestone, distinguishes it sufficiently from primitive limestone; and the distinction is still further increased by its never containing actynolite, serpentine, common talc, asbest, steatite, tremolite, mica, hornblende, or garnet, which so often occur in primitive limestone. Further, the granular foliated flœtz-limestone is accompanied by a completely different series of rocks, and it passes into and alternates with marl.


  2. No species of rock is more distinctly stratified than flœtz-limestone. The strata are sometimes very thick, sometimes very thin.


  3. It is very frequently accompanied with marl, with which it alternates, and into which it passes. It more rarely contains beds of stinkstone, and sometimes also flint and other similar fossils.


  4. It very rarely contains beds of coal, and they are usually thin. A bed of coal has been lately discovered in the second flœtz-limestone, and traced for three hundred miles.


  5. Probably sandstone occurs in mountains of flœtz-limestone; it has not, however, been accurately ascertained.


  6. The exterior of mountains composed of flœtz-limestone is different from that of any of the rocks we have hitherto described. It very seldom appears in conical hills; on the contrary, it usually appears in wide extended flat massive hills, which are intersected by deep and steep 166 valleys. The Alps of Suabia afford an example of this, which is the most general appearance of countries composed of flœtz-limestone.


  7. This series of rocks contains several distinct formations. The two oldest are extremely well characterised. The first is that which contains bituminous marl-slate; the second that which contains shelly limestone. There are several other formations considerably newer than these; but their relative age and geognostic situation have not been fully ascertained.


  The principal formations do not succeed each other in an uninterrupted series, as is the case with the most considerable of the primitive formations, hence the members of the sandstone series do not immediately follow each other; on the contrary, the oldest sandstone is immediately succeeded by the oldest flœtz-limestone, &c., as we have already particularly mentioned.


  1. First Flœtz-Limestone.


  Erster Flœtz-Kalkstein.—Werner.


  Alpen-Kalkstein, Karsten and others.


  1. This formation rests on the old red-sandstone, and is covered by the first flœtz-gypsum, which includes rock-salt. The lowest stratum of the formation is bituminous marl-slate, or copper-slate, as it is denominated by the miners, on account of the great proportion of copper-ore it contains. To it succeed several strata of limestone, known by the miners under the name Zechstein, 167 and by some mineralogists denominated Alpine Limestone, from its forming high and steep mountains. This zechstein is succeeded by a bed containing great abundance of that species of petrifaction denominated Gryphite; and lastly, it is covered by another kind of limestone we have already mentioned, denominated Rauchwacke, which is vesicular, and occurs in very thick beds.


  2. The copper-slate, or bituminous marl-slate, contains much copper; it is also traversed by numerous veins, and these contain copper-pyrites, variegated copper-ore, copper-glance, grey copper-ore, and cobalt.


  3. Besides copper-slate, it also contains beds of ironstone.


  4. It extends around the whole Hartz, and occurs also in the Saxon Erzgebirge, Magdeburg, Forest of Thuringia, Hessia, Westerwald, Westphalia, Franconia, and Suabia[13].


  2. Second Flœtz or Shell-Limestone,


  Zweiter Flœtz-Kalkstein, or Muschel-Kalkstein—Jura Kalkstein.


  This limestone rests on the second flœtz-gypsum. Besides limestone, it contains a small 168 portion of marl and stinkstone. It is abundant in petrifactions; hence it is sometimes denominated Shell-Limestone (Muschel-Kalkstein). It frequently contains flint and hornstone in balls and layers. The succession of petrifactions in this formation, is very interesting. The uppermost layers are very thin, and in these we meet with beautiful petrifactions of different species of animals, particularly of the asterias caput-medusæ, and these are accompanied with sea-plants and small fishes: immediately below these, are layers containing larger fish; then crabs of different kinds: these are followed by a bed of granular foliated limestone; and the lowest beds contain belemnites, terebratulites, and echinites.


  2. In Franconia, Bavaria, and Suabia, this limestone is intersected by many deep valleys, (schluhten); but it forms no hills, only a widely-extended flat country. These valleys are frequently of considerable width, and present very striking rocky cliffs, and tremendous rents. Many of these rents are still open, and pour out small brooks, which are often so copious, that they are capable of driving powerful machinery, at no great distance from their outlet; and in wet seasons, accumulate to rivers, and overflow the neighbouring countries. Many of them, however, are filled up, partly with calc-sinter, partly with calc-spar; which latter appears in beautiful prismatic distinct concretions, that appear regularly crystallised towards the middle part of the vein; and 169 sometimes the vein is filled up with clay, which in the centre is nearly clay-ironstone.


  These veins are to be observed in all their stages, from the empty fissure to the completely filled vein.


  When these rents reach to a considerable depth, great masses of the rock are separated, and tumble down, and are frequently heaped on one another. These masses are often afterwards cemented together, by means of calc-sinter; and the empty spaces that are left by these irregular accumulations, form the limestone-caves that accompany this formation in every part of the globe where it has been hitherto found. These caves are often beautifully ornamented with calc-sinter; others are filled with ironstone, particularly pea-ore; and they are remarkable for the great profusion of the remains of extinct quadrupeds which they contain. The valley of Altemühlthal in Bavaria presents many remarkable appearances of this kind. In the neighbourhood of Eichstadt in Franconia, there are many caverns formed in this manner. At Muggendorf, and Galenreuth, in Bayreuth, there are many similar caves; and they are all, as is usually the case, situated in the upper part of the hills. An inconceivable number of caverns occur in the limestone of the Julian chain in Carniola and Dalmatia, and also in the same limestone in South America.


  3. This formation stretches through Franconia, Subia and Bavaria, as far as Ingolstadt and Ratisbon. It extends throughout the whole 170 of Lower Saxony, even to the sea-coast. From Suabia, it extends into France, where it forms the mountains of Jura. It is also said to form the greater part of Carniola, Dalmatia, and the neighbouring countries: is conjectured to form the rock of Gibraltar; the mountains in the vicinity of Algiers; those near Suez in Egypt; Lebanon in Syria, and considerable tracks of country in Siberia.


  4. In Poland and Silesia, there is a flœtz-limestone that alternates with beds of lead-glance and calamine, and which was at one time suspected to constitute a distinct formation. According to the late observations of Karsten, it appears to be subordinate to the first flœtz-limestone; but Werner is of opinion, that it belongs to the Second Flœtz-limestone[14].


  5. Between Dresden and Meissen, particularly near Plauen, and in the vicinity of Gottingen, there is another deposite of limestone, which differs in some of its characters from the second flœtz-limestone; but these differences are not such as to entitle us to consider it a different formation. It is, therefore, now arranged as a variety of the Second Flœtz-limestone[15]. It is seldom pure; generally earthy, sandy, or marly; and as it is usually bad, it is seldom burnt, but is principally 171 employed as a building-stone. It often contains petrifactions; as corallites, ammonites, &c., and sometimes lead-glance is disseminated through it.


  6. At Wehraw, in Upper Lusatia, there is a limestone formation which contains newer petrifactions, as pectinites and mytilites. It alternates with beds of sandstone, and the whole rests upon alluvial land.


  7. In Sweden, there is a flœtz-limestone, of a reddish-brown colour, which frequently contains petrifactions: it is horizontally stratified, and frequently contains beds of a variety of alum-slate.


  8. The beautiful conchoidal limestone of Greece probably constitutes a particular formation.


  9. It thus appears, that there are two distinct flœtz-limestone formations; and that we possess an imperfect knowledge of three other depositions of the same rock, that seem to differ from the two already described.


  3.


  Flœtz-Gypsum.


  Flœtz-Gyps-Gebirge.—Werner.


  1. This rock, like limestone, is simple, and contains only accidental intermixed parts.


  2. It is more or less distinctly stratified, and sometimes occurs in unstratified masses and beds of great thickness. It is principally composed of gypsum, and sometimes contains stinkstone, and clay, and even sandstone.


  3. Its structure becomes porphyritic when 172 it contains imbedded crystals; as is the case with certain varieties that contain crystals of quartz, others that contain boracite; and, lastly, in some that include crystals of arragon. In some places, as in Salzburg, Italy, and on the banks of the Wolga, masses of sulphur, several hundred weight, are found imbedded in gypsum; and in certain cases the gypsum is mixed with limestone. Petrifactions rarely occur in gypsum.


  4 Rock-salt appears to be peculiar to flœtz-gypsum, or at least very nearly allied to it. It very rarely contains any metalliferous mixture.


  5. It seldom reaches to a great height, but it forms rocky and cliffy acclivities, which are particularly distinguished by their white colour. It is also remarkable for the number of funnel-shaped hollows it contains. These are formed by the washing away of subjacent, and sinking of superincumbent strata.


  6. There are two principal and well-ascertained formations of gypsum, and several others, whose geognostic relations have not hitherto been well ascertained.


  1. First Flœtz-Gypsum.


  Erster Flœtz-Gyps.—Werner.


  1. This formation rests on the first flœtz-limestone, and is covered by the variegated or second sandstone formation. It consists of compact 173 and granular gypsum; contains much selenite and stinkstone; which latter is either mixed with it, or alternates with it. Rock-salt also occurs in it.


  2. It is sometimes porphyritic, and then contains crystals of quartz, boracite, or arragon.


  3. It extends through a great part of Germany. It first appears in Holstein; passes on to Lunneburg and Thuringia; then appears in Anspach, Bavaria, Silesia, Switzerland, South of France, and Arragon in Spain; also on the banks of the Wolga, and in South America.


  2. Second Flœtz-Gypsum.


  Zweiter Flœtz-Gyps.—Werner.


  1. It rests on the variegated or second sandstone formation, even sometimes alternates with it, and is covered by the second or shell limestone formation.


  2. It also contains granular foliated gypsum, but little or no selenite, and is characterised by fibrous gypsum, which is peculiar to it. It does not occur so abundantly as the first flœtz-formation, and alternates more frequently than the other with sandstone and clay. The different imbedded fossils, as boracite, arragon, &c. that occur in the first formation, do not appear in this.


  3. It occurs in Saxony, Silesia, Bavaria; also in Cumberland and Cheshire.


  Besides these two formations of flœtz-gypsum, there are several others; but it is still undetermined whether or not they belong to the 174 formations we have just described, or are distinct depositions:


  1. The gypsum at Sparenberg in the Mark, Brandenburg.


  2. The gypsum at Newland, near Lowenberg in Silesia.


  3. The gypsum of Mont-Martre, near Paris[16].


  4.


  Rock-Salt Formation.


  Steinsalz-Gebirge.—Werner.


  1. This formation appears to rest immediately on the first flœtz-gypsum. It is well characterized by a bed of clay which almost always accompanies it. This clay is intermediate between common and indurated clay, is much penetrated with salt, and is denominated Saltstone or Salt-clay. It is also accompanied with stinkstone and limestone. It appears peculiar to rock-salt, to occur frequently in very thick but short beds, or what Werner terms Lying Masses, (liegende Stöcke). It occurs more rarely in common 175 beds, or disseminated through the clay; and still more rarely in veins.


  2. The countries where it occurs, are flat and hilly; and when it appears in hills, these are principally composed of the subjacent or superincumbent strata, not of the salt itself.


  3. Although very little salt occurs in Germany, the rocks of the salt formation, viz. salt-clay, gypsum, stinkstone and limestone, and also numberless salt-springs, make their appearance. These springs owe their impregnation to salt beds, or rocks impregnated with salt, over which their water flows.


  4. An uncommonly great deposition of rock-salt is to be traced with little interruption from the Black Sea, nearly to the Alps. A principal portion of this deposition is contained on opposite sides of the Carpathian Mountains. On the one side, it extends to Gallicia; on the other, into Moldavia, Wallachia, Transilvania and Hungary. Another considerable portion of this deposition occurs in Austria and Bavaria; in the Tyrol; Stiria and Suabia. It seldom appears in Russia; and in general but sparingly in northern countries. In Spain, it abounds at Cordova in Catalonia; also at Aranjuez; Gravilla in Valentia, and Cabo Rosso in Navarre. It is found in considerable quantity in Calabria, as at Cosenza and Catharina. The great deposition in Cheshire and the neighbouring counties is well known. It occurs also in great quantity in Asia; as 176 in the province of Lahor in India; at Tauris in Persia; at Loheia, in the country of Yemen, &c. Considerable quantities have been observed in various parts of Africa and America, and very lately in New South Wales.


  5.


  Chalk Formation.


  Kreide-Gebirge.—Werner.


  1. This appears to be one of the newest of the flœtz formations, and is nearly the last link of the great limestone series.


  2. It is very simple; for it contains, besides chalk, only a small portion of flint. The flint occurs in tuberose shaped masses, or in the form of petrifactions imbedded in the chalk; and sometimes it forms thin beds, which are more or less continuous, and alternate with thicker beds of chalk. It contains but few petrifactions, and these are principally echinites, ostracites, and belemnites.


  3. It is more or less distinctly stratified. Like all new formations, it contains but few metalliferous fossils. All that have been hitherto found are iron-pyrites in small balls, and small portions of iron-ochre.


  4. Very few observations have been hitherto made, with the view of ascertaining its relative antiquity. Its occurrence on the sea coast, and its earthy aspect, point out the lateness of its formation.


  5. It occurs only in low situations, and most frequently on sea-coasts, where it forms considerable cliffs; but when it occurs in inland 177 situations, it rises into hills of considerable height.


  6. In England it extends through Wiltshire, Hampshire, Surry, Middlesex, Essex, and Kent, and appears on the opposite coast of France, and stretches through the Netherlands. In the Baltic, it occurs in the islands of Zealand, Moen, Rugen, Wollin, and Saltholm; and it extends from Saltholm to the Swedish province Schonen. According to Dr Steffens, the chalk at Stevens-klint in Zealand, and that of Moen, rests upon an aggregate of nautilites, serpulites, chamites, and corallites.


  6.


  Flœtz-Trap Formation.


  In the notes attached to my Mineralogical Description of Dumfriesshire, I gave a short account of the occurrence of greenstone in the independent coal formation. Since the publication of that, treatise, I have been informed that Flurl, author of the Mineralogy of Bavaria, has discovered beds of amygdaloid in the first or oldest flœtz-limestone. From these facts, I consider myself entitled to introduce another formation into the system, and which may be known under the title of the Flœtz-Trap Formation, to distinguish it from the newer formation denominated by Werner the Newest Flœtz-Trap.


  7.


  Coal-Formation.


  Steinkohlen-Gebirge.—Werner.


  1. This formation is of great importance. 178 It is particularly characterized by the coal it contains. Werner has ascertained three distinct formations, without including the beds of coal found in sandstone and limestone formations. The first or oldest formation is denominated the Independent Coal Formation, because the individual depositions of which it is composed are independent of each other, and are not connected. The second is that which occurs in the newest flœtz-trap formation. The third that which occurs in alluvial land. Werner observes that a fourth formation might be added, which would comprehend peat and other similar substances; so that we would have a beautiful and uninterrupted series, from the oldest formation to the peat which is daily forming under the eye.


  These three principal formations are distinguished from one another, not only by relative age, the kind of rocks, and the form of their stratification, but also by the particular kinds of coal they contain. Thus, the independent formation contains exclusively coarse coal, foliated coal, cannel-coal, slate-coal, a kind of pitch-coal, and slaty glance-coal[17]. The formation in the newest flœtz-trap contains distinct pitch-coal, 179 columnar coal, and conchoidal glance-coal. The alluvial formation contains almost exclusively earth-coal and bituminous wood.


  Werner mentions the following as formations that do not belong to any of the preceding:


  1. The small and low beds of coal that occur in sandstone at Wenigkrawitz in Silesia. It is conjectured to occur in the third sandstone formation.


  2. The single beds of coal that occur in flœtz-limestone, and which are in general of no very great importance. These have been observed in different places, as on the shore of the Lake of Zurich, also in Franconia, and Thuringia.


  3. The bituminous marl-slate, from its containing sometimes portions of coal, may be considered as a subordinate formation.


  We shall now describe the independent coal formation, and shall consider the others when we come to treat of the flœtz-trap and alluvial rocks.


  Independent Coal Formation, or Proper Coal Formation.


  Eigentliche Steinkohlen Formation.—Werner.


  1. This formation, besides coal, contains three rocks which are nearly peculiar to it: these are, a conglomerate, which is more or less 180 coarse-grained; a friable sandstone, which is always micaceous; and lastly, slate-clay. But besides these, there also occur beds of harder sandstone, marl, limestone, porphyritic stone, bituminous shale, clay-ironstone, and I have discovered in it greenstone, amygdaloid, and graphite. The different varieties and alternations of these rocks, and their predominant differences, constitute the different special or subordinate formations, which are of different ages.


  2. The slate-clay, which occurs so frequently and abundantly in the coal formation, sometimes passes into sandstone, sometimes into indurated clay, and also into a fossil not unlike Lydian stone, or flinty-slate[18]; and is well characterized by the great number and variety of petrifactions of vegetables which it contains, These are principally of such plants as flourish in marshes and woods. The smaller plants and reeds occur in casts or impressions, always laid in the direction of the strata; but the larger arborescent plants often stand erect, and their stems are filled with the substance of the superincumbent strata, which seems to intimate that these stems are in their original position. These casts and impressions occur also abundantly in the sandstone of this formation. Habel, in his Natural History of Nassau, informs us, that he saw a 181 petrified vegetable stem rise forty feet through rocks of this formation. This stem was a foot in diameter at one of its extremities. Most of these petrifactions are supposed to be derived from arborescent ferns, and gigantic reeds. The leaves that sometimes occur, and which are of uncommon size, appear to be derived from palms, as is also probably the case with many of the stems.


  3. It is worthy of remark, that the petrifactions which lie in the direction of the strata are generally compressed, whereas those which are perpendicular retain their original shape.


  4. The greenstone occurs in beds from one foot to many fathoms in thickness. It contains imbedded olivine and augite, and is traversed by numerous veins of calc-spar. It often, also, contains drusy cavities, which are lined with calc-spar, quartz, heavy-spar, cubicite, and prehnite. The cavities are sometimes filled with water.


  5. The amygdaloid which occurs in this formation, has generally a basis of greenstone, and the vesicles are principally filled with calc-spar, and sometimes also with green-earth, quartz, chalcedony, or flint.


  6. The graphite occurs in beds, and is accompanied with a particular kind of columnar glance-coal. This remarkable geognostic fact is detailed in the notes to my Mineralogical Description of Dumfriesshire.


  7. The porphyritic stone resembles 182 clay-porphyry, but is much more earthy, and the crystals of felspar are few, small, and somewhat earthy.


  Quartz occurs but seldom. The basis of the stone is frequently marked with green spots; it is sometimes amygdaloidal, and contains, besides other fossils, chalcedony. It occurs in beds of considerable thickness. It may be considered as a member of the porphyry suite, and may be denominated the Third Porphyry Formation.


  8. The rocks of this formation are very distinctly stratified: the coal is also sometimes stratified; but it occurs more generally in beds; and these are from a few inches to several fathoms thick. Frequently many beds of coal occur in the same deposition,—a character which distinguishes this formation from that in the newest flœtz-trap, where the beds usually occur single, and of great thickness.


  9. It never rises into mountains, but generally forms hilly country; and these hills are sometimes very low and flat, and graduate into flat country; and such tracts are traversed by narrow and deep valleys, which present hanging cliffs and mural precipices.


  10. It is sometimes situated in ravines, or in basin-shaped hollows, or at the foot of mountain groupes. In this country and Westphalia, the coal formation extends over considerable tracts of country, sometimes filling immense basins, in other cases troughs of great extent, or skirting 183 the lower part of the ranges of mountains, and sometimes to a considerable distance.


  11. It appears to have been universally deposited, because it has been observed in the most widely distant parts of the globe. It differs, however, from the greater number of formations in this respect, that the individual depositions of which it is composed, do not appear to have a very great extent, and are not immediately connected together. These individual depositions, in some countries extend many miles, in other countries they are entirely wanting; but in no instance do they appear so extensive as the flœtz-limestone, and other flœtz rocks. Hence, it is more than probable, that this broken or interrupted distribution is the original one.


  This supposition is further strengthened, by the usual occurrence of this formation in hollows, and in detached portions, in protected hollows, when it occurs at the foot of mountain groupes; and by its containing delicate fresh-water shells, and impressions of ferns in a state of perfect preservation, which would scarcely have been the case if the formation had been extensively deposited.


  12. Clay-ironstone occurs very abundantly in the oldest formation. Cinnabar, and other ores of mercury, occur in great quantity in certain coal formations, as at Idria and Almaden. These ores are contained in a solid, quartzy, bituminous sandstone, or in a very coaly bituminous 184 shale. It is probable that the mercury mines of the Palatinate and Mexico, occur in the same formation. Lead-glance and blende occur in very considerable quantities in the veins that traverse this formation in many parts of England.


  13. It abounds in the central, northern, and western parts of England; also in great quantity in Scotland, on the river-district of the Forth, the river-district of the Clyde, in Ayrshire, and in less quantity in Dumfriesshire.


  There are many depositions of coal in France; but it is principally those in the northern and western parts of it, at the foot of the Cevennes, that belong to this formation, as those that occur in the south of France, at Chaumont, and St Etienne in Auvergne, are said to belong to the newest flœtz-trap formation. It appears also on both sides of the Rhine, extending, on the one side, into the Netherlands, on the other, into Westphalia. In Germany, it extends through Hanover, Franconia, Suabia, Bavaria, Upper Saxony, Silesia, Bohemia, Austria, and Hungary. In Sweden and Norway, it occurs in very inconsiderable quantity. It occurs also in Spain and Italy. Immense quantities of coal have been raised in China for several hundred years, but it is not known to what formation the coal in that country belongs. Coal occurs in great quantity in North America; but the formation is not known.


  14. Its position in regard to the other 185 flœtz rocks is still somewhat doubtful. I am collecting materials for the determination of this important point, and hope to be able to communicate them to the public in my Geognostic Essays.


  8.


  Newest Flœtz-Trap Formation[19].


  Flœtz-Trapp Gebirge.—Werner.


  Traps stratiformes ou secondaires.—Broch.


  1. This formation is particularly interesting, not only on account of the rocks of which it is composed, but also from the important views it opens to us respecting the formation of the crust of the globe, and its being the seat of those striking phenomena Volcanoes.


  2. It contains several rocks which are peculiar to it, and others that occur in other floetz-formations. The peculiar or characteristic rocks are, basalt, wacke, greystone, porphyry slate, and trap-tuff. The following are the rocks that occur in this and in several other flœtz-formations: Greenstone, amygdaloid, pitchstone, obsidian, compact felspar, clay-stone, clay, sand, gravely sandstone , 186 particularly quartzy sandstone, clay-ironstone, limestone, iron-clay , and coal .


  Rocks peculiar to the Newest Flœtz-Trap Formation.


  1.


  Basalt[20].


  Basalt.—Werner.


  1. It is a simple substance, composed of indurated black-coloured iron-clay, and is distinguished from other fossils by its colour, clayey and earthy aspect, its hardness and weight. It is sometimes porphyritic, sometimes amygdaloidal. Its porphyritic structure is formed by imbedded olivine, augite, basaltic hornblende, mica, and iron-sand. The vesicles in the amygdaloidal varieties are either empty or filled with steatite, lithomarge, zeolite, calcspar, chalcedony, opal, or pearlstone. Of all these mixed or foreign parts, olivine, augite, basaltic hornblende, and iron-sand, are the most characteristic.


  2. It is sometimes mixed with limestone, sometimes with marl, indurated clay, and pitchstone; also contains rolled pieces of quartz, gneiss, and other fossils.


  3. Water is sometimes found in the vesicles of basalt, but only in the most compact varieties. Instances of this kind are mentioned by Werner, in the basalt of Marksuhl in Eisenach, and in that of Unkelstein near Frankfurth, by Humboldt. Dr Richardson mentions similar 187 appearances in the north of Ireland.


  4. It is sometimes stratified.


  5. Is very frequently disposed in distinct concretions of different kinds, as columnar, tabular, globular, and concentric lamellar.


  6. Petrifactions have been observed in the basalt of Bohemia, the Vicentine, and that of Forez. These observations were made by Werner, and his pupils Friesleben and Von Buch; hence their accuracy cannot be questioned.


  7. It is very frequently traversed in all directions by rents; and by the widening of these, and breaking down of the distinct concretions, the sides and bottoms of basalt hills are usually much covered with fragments.


  8. It is very subject to decomposition, particularly those varieties that incline to wacke and amygdaloid. The earth which is formed from the decomposition of basalt has a greasy feel, and the great fruitfulness of basalt countries is owing to this basaltic earth. Sometimes the imbedded fossils decompose, and at length fall out, and leave the basalt with a cellular structure. Olivine is the most decomposable of all the fossils that are imbedded or contained in basalt; it is even more decomposable than calcspar; on the contrary, we often find hornblende unchanged, after the basalt has been converted into a clayey mass.


  9. It occurs usually in the form of mountain-caps, that form eminences of considerable height; frequently also in upfillings, in beds and veins. Basaltic hills are usually isolated, are 188 frequently of considerable height, and are well distinguished by their uncommonly regular conical or table-shaped summits. Hollows sometimes occur on the summits and these have been viewed as craters of volcanoes by superficial observers.


  10. It sometimes occurs on the highest summits of mountain-groupes: thus I have seen it at the height of 2921 feet, forming the upper part of the Keulige-Buchberg in Bohemia, and above 4000 feet above the level of the sea, in the snow-pits (Schneegruben) in the Riesengebirge in Silesia[21].


  11. Beds of basalt occur in a flœtz-limestone formation in different countries, as at Vicenza in Italy, where there is an alternation of ten beds of basalt with the same number of beds of limestone. It alternates with beds of porphyry-slate and obsidian on the Pic de Teyde in Teneriffe. Its alternations with flœtz-rocks in this country will be particularly detailed in my Geognostic Essays afterwards to be published.


  12. Veins of basalt traverse granite, gneiss, mica-slate, clay-slate, and most of the transition and flœtz rocks. These veins sometimes traverse beds of vesicular glance coal, and sometimes beds of black coal. The beds of black-coal, where in contact with the vein, are sometimes vesicular or burnt-like, to use the language of the Vulcanists or Plutonists. This vesicular structure, 189 however, is in general confined to a particular species of glance-coal, which is intermixed with the black-coal, not to the black-coal itself. This glance-coal sometimes forms whole beds; in other instances it is intermixed with black-coal, and is found at a distance from rocks of the trap-formation, even in districts where none of the rocks of that formation occur.


  13. Like all new formations, it contains very small quantities of ores. Small veins of magnetic ironstone, and disseminated iron-pyrites, and iron-sand, are all that have been hitherto accurately observed in it. It is sometimes magnetic, and to such a degree as to affect the magnetic needle at a considerable distance.


  14. Its geographic situation, as well as that of wacke, will be included in the account of the general distribution of the formation.


  2.


  Wacke[22].


  Wacke.—Werner.


  1. This fossil is intermediate between clay and basalt.


  2. It is sometimes simple, but when it inclines to basalt, it contains hornblende and mica. It is sometimes spotted, and these spots are unformed crystals of hornblende, resembling the unformed crystals of felspar in certain varieties of porphyry. It never contains augite or olivine. When it approaches to amygdaloid it is vesicular.


  3. It very seldom contains 190 petrifactions.


  4. It occurs sometimes in beds and veins, and these veins contain very small portions of ores of different kinds, as bismuth, silver-glance, and magnetic ironstone.


  3.


  Greystone.


  Graustein.—Werner.


  This rock is an intimate mixture of white felspar and blackish hornblende, in which the felspar predominates. It contains olivine and augite, two fossils that do not occur in porphyry-slate, but which, as already mentioned, occur almost always in basalt,—a fact that shews the affinity of greystone to basalt. Indeed, it sometimes passes into basalt. A portion of the unchanged rocks in the vicinity of Vesuvius are greystone.


  4.


  Porphyry-Slate, or Clinkstone Porphyry.


  Porphir-Schiefer.—Werner.


  1. This is a compound rock, having a basis of clinkstone, which contains imbedded crystals of felspar, (glassy felspar.)


  The colour of the basis is greenish, yellowish, smoke bluish or ash-grey, sometimes blackish green, and when much impregnated with iron, liver-brown and reddish-brown. Sometimes several colours occur together in the same mass, and it is sometimes marked with greyish-coloured spots, and frequently shews dendritic delineations on its surface. Its fracture is splintery in the 191 small, but slaty in the large. The splintery fracture is usually coarse, seldom small and fine splintery, and approaches sometimes (the harder varieties) to flat conchoidal and foliated. It is semi-hard, passing into hard. It is more or less translucent on the edges; some varieties are opaque. It almost always contains crystals of felspar, and more rarely crystals of basaltic hornblende, zeolite, and very seldom quartz, calcspar, iron-pyrites and iron-sand. It is sometimes vesicular, but not so much so as basalt.


  2. It occurs sometimes in tables and columns; also in veins that traverse sandstone and greenstone, as in the Island of Arran.


  3. It resists the action of the weather very obstinately. After very long exposure it becomes covered with a thin crust, which has usually a greyish-white colour, but a reddish crust in iron-shot varieties.


  4. Like basalt it forms single, conical hills, but they are not so regular, and are more marked with cliffs and irregular rocky forms.


  5. Excepting small traces of iron-pyrites and iron-sand it contains no ores.


  6. It appears from observations I have made in the islands of Arran and Lamlash, in Dumfriesshire, and on the porphyry-slate hills near Edinburgh and Haddington, that this rock passes, on the one hand, into compact felspar and clay-stone, and, on the other, into pitchstone and basalt.


  7. It occurs abundantly in the islands 192 of Arran and Lamlash in the Frith of Clyde; also in smaller quantities in the upper part of Dumfriesshire, and in the county of Selkirk. Braid Hills, and part of the Pentland Hills, near Edinburgh; the Girleton Hills at Haddington, and, according to my pupil Dr Ogilvy, North-Berwick Law, and Traprain or Dumpender Law, in the same county, are composed of this rock. I suspect that the porphyry of Cumberland, which probably occurs among transition mountains, is also porphyry-slate. It occurs in great abundance in Bohemia; also, but in less quantity, in Lusatia; in the Principality of Fulda; in the Rhongebirge; at Hohentuiel and Hogau in Upper Suabia; at Vicenza, in the Euganean Mountains; on the Pic de Teyde in Teneriffe; and in great abundance in South America, as I suspect that much of the porphyry of Humboldt will prove to be porphyry-slate.


  5.


  Trap-Tuff.


  Trapp-Tuff.—Werner.


  1. This rock was formerly denominated Basalt-tuff; but as its basis is not always basalt, Werner rightly names it Trap-tuff.


  2. It is composed of masses of basalt, amygdaloid, hornblende-rock, sandstone, and even pieces of wood, (as in the island of Canna), cemented together by a rather loose spongy clayey basis, which has been formed from decomposed basalt or wacke rocks. The masses vary much in size, 193 from that of a pea to several hundred-weight.


  3. It occurs in beds, which are from a few inches to several fathoms thick. It is a general observation, that the larger masses form the lower part of the bed; and sometimes beds of fine and coarse tuff alternate with each other. These beds are almost always horizontal, and they sometimes alternate with basalt.


  4. A considerable portion of Arthur's Seat, near Edinburgh, is composed of this rock; there it rests on inclined strata that belong to the oldest coal formation. It occurs also in the islands of Mull and Canna, and many other places in Scotland. It occurs also in Bohemia, in Fulda, Westerwald, &c.


  5. The fragments contained in trap-tuff appear to be derived from rocks formed previous to the newest flœtz-trap, or from early portions of that formation itself.


  B.—Rocks that occur in the Newest Flœtz Formation, but which also occur in other flœtz formations.


  1.


  Greenstone.


  Grünstein.—Werner.


  1. Like primitive, transition, and older flœtz greenstone, it is composed of hornblende and felspar, which are in general very intimately united together, but are not so crystalline as in the older kinds, nor are the distinct concretions so large. Its colour usually inclines more or less 194 to green. Certain varieties are reddish, and these are denominated Sienitic Greenstone. When fresh, and rather large granular, it usually exhibits a simple structure; when, on the contrary, it is disintegrated, and smaller granular, it occurs in globular, and these again in curved lamellar distinct concretions. Certain varieties approach to wacke, and these are usually vesicular, and form a kind of amygdaloid.


  2. It is sometimes very distinctly stratified, and frequently occurs in veins.


  3. It always occupies the upper part of this formation when the series is complete.


  2.


  Amygdaloid.


  Mandelstein.—Werner.


  1. This rock has usually a basis of wacke, or of fine granular disintegrated and clayey greenstone, and the vesicles are filled with calcspar, lithomarge, green-earth, chalcedony, agate, quartz, amethyst, and heavy-spar. When these substances fall out, the rock acquires a vesicular structure, and in this shape it has been frequently described as lava. Sometimes the vesicles are empty.


  2. It is a common repository of the different kinds of agate. Agate, however, is not confined to the amygdaloid of this formation; for it occurs in the greenstone of the independent coal formation, and also in transition amygdaloid.


  3.


  Pitchstone.


  Pechstein.—Werner.


  This rock was first discovered forming 195 a member of the newest flœtz-trap, in the island of Arran; afterwards in the islands of Mull and Eigg, and the upper part of Dumfriesshire[23]. Werner afterwards ascertained that the pitchstone of Zwickau in Upper Saxony, belonged to the same formation; and it would appear, from the late observations of Humboldt, to alternate with basalt and porphyry-slate, near the summit of the Peak of Teneriffe.


  4.


  Obsidian.


  Obsidian.—Werner.


  1. According to the late observations of Von Humboldt, certain varieties of this rock appear to belong to the newest flœtz-trap formation.


  He is said to have observed it alternating with basalt and porphyry-slate in Teneriffe. I lately discovered obsidian-porphyry in the island of Arran, and suspect that it is there an inmate of the newest flœtz-trap formation.


  2. From its great resemblance to completely melted stony substances, and its occurring in volcanic countries, it is said by many 196 mineralogists to be a volcanic product. This opinion, however, appears to be unfounded; 1st, Because obsidian has never been observed accompanying lava: 2d, Because it passes into pitchstone, and is thus connected with basalt, clinkstone, felspar, and claystone; 3d, Because it contains a considerable portion of water of composition, which is never the case with true volcanic rocks.


  5.


  Pumice.


  Bimstein.—Werner.


  1. This rock appears also to occur in the newest flœtz-trap formation.


  2. It was formerly the general opinion, that it was a volcanic product, because it frequently occurs in countries conjectured to be of igneous formation. It is now ascertained to be an aquatic product, from the following facts: 1. It alternates with Neptunian rocks, as basalt and porphyry; 2. It is most distinctly stratified, and these strata are sometimes composed of globular distinct concretions; 3. It passes into obsidian and pearlstone, and is thus connected with basalt, pitchstone, porphyry-slate, claystone, and felspar; 4. It contains water of composition, which, as we have just mentioned, is never the case with true volcanic rocks; 5. It has never been observed to flow in streams from the crater or sides of a volcano, and no one ever saw it forming a stream in countries 197 containing extinct volcanoes.


  6.


  Compact Felspar.


  Dichter Felspath.—Werner.


  1. This rock probably occurs in considerable beds, or even mountain masses, in this formation.


  2. The Pentland Hills, near Edinburgh, afford good examples of this rock.


  7.


  Claystone.


  Thonstein.—Werner.


  1. This rock accompanies the compact felspar, and appears to pass into it.


  2. The Pentland Hills afford examples of this rock.


  8.


  Gravel, Sand, and Clay.


  These frequently occur together. The gravel usually occupies nearly the lowest part of the formation, and by the diminution of the magnitudes of its grains, passes into sand. The grains of sand also become smaller in its upper beds: lastly, it becomes clayey, and at length passes into clay. The clay passes into wacke; the wacke into basalt; the basalt into greenstone, and this latter into greystone and porphyry-slate. Beds of shells, &c. sometimes occur in this sand, and the clay 198 is usually more or less bituminous, and sometimes contains schaum-earth.


  9.


  Sandstone.


  Besides the gravel, sand, and clay, beds of sandstone sometimes occur in this formation, and this sandstone is usually that particular kind denominated Quartzy Sandstone, from the particles being connected together by a base of quartz [24].


  10.


  Clay-Ironstone.


  In the Feroe Islands, beds of clay-ironstone are said to occur in this formation.


  11.


  Limestone.


  Limestone occurs along with basalt in Bohemia, and in the valley of Ronca in the Veronese.


  12.


  Iron-Clay[25].


  13.


  Coal.


  1. But the most important of these rocks is the coal, which very often forms the lowest part of the formation, and is covered by gravel, 199 sand, clay, wacke, &c. The kinds of coal are pitch-coal, conchoidal glance-coal, columnar coal, common brown-coal, brown-coal including bituminous wood, earth-coal, and bituminous wood.


  1. Seldom more than one bed of coal occurs in this formation, but it is usually very thick, being from a few feet to an hundred feet thick. It occurs in great abundance in Iceland, and probably affords materials for the support of the volcanoes that exist in that country; it is found also at the foot of Ætna, and probably also supplies that volcano with its fuel. It occurs also in the island of Mull, and in other places in Scotland.


  C.—Having described the different rocks that belong to this formation, we shall now consider its more general relations, or what respects its structure and relations on the great scale.


  Kind of Precipitations in the Newest Flœtz-Trap Formation.


  A portion of the rocks of this formation are chemical productions, another mechanical, and a third intermediate between chemical and mechanical. The mechanical depositions are gravel, sand, bituminous wood, clay, and in part trap-tuff: the chemical are greenstone, greystone, porphyry-slate, pitchstone, compact felspar, obsidian, and pumice: those intermediate between chemical or mechanical, or what may rather be termed coarse 200 chemical deposites, are basalt, claystone, and wacke. When all the rocks of this formation occur together, the various gradations from the chemical to the mechanical are to be observed. We find the mechanical always forming the lowest part of the deposition, and of these the coarser lie lower than the finer. These are succeeded by the coarser chemical precipitates that form the transition from the mechanical to the chemical: and lastly, the finer or most complete chemical precipitates lie uppermost, forming the highest part of the formation. Gravel, as the coarsest mechanical earthy deposite, always lies immediately over the bed of coal, or on the fundamental rock; and porphyry-slate, greystone, and greenstone, as the finest chemical precipitates, always form the upper part of the formation.


  D.—Structure of this Formation upon the great scale.


  As all the rocks we have just described belong to one formation, they must occur more or less in conjunction with each other. It frequently happens, however, that many of the members of the series are wanting. Sometimes we observe hills of this formation, of very considerable extent, composed entirely of basalt; sometimes this basalt is accompanied with wacke, sandstone, sand, gravel, and coal; and sometimes we meet with widely-extended hills of this formation, in 201 which the different rocks alternate with each other in such a manner as shews that the whole series of rocks has been frequently repeated. The hill of Weissenstein in the Habichtwald in Hessia, affords a striking example, not only of the usual arrangement of the rocks of this formation, but also of its repetition. On the road from Cassel to Weissenstein, we observe limestone and other older flœtz rocks. The Weissenstein itself is horizontally stratified, and its first or lowest formation consists of brown-coal, sand, clay, wacke, and basalt; above which the second rests, which is also composed of sand, clay, wacke, and basalt: the third, which rests immediately on the second, begins also with sand; but this sand contains numerous marine shells, bodies not observed in either of the two first arenaceous depositions; it is covered by clay, wacke, and basalt. It is probable that the formation is repeated a fourth time.


  The trap-hills in the Electorate of Saxony, present many instructive and interesting examples of single depositions. These generally rest on gneiss. The lowest bed is a coarse iron-shot sand, which is dug out in many places, and used for the roads and other purposes: it is immediately covered by a bed of clay, which is sandy beneath, but which approaches to wacke, in the upper part: this clay is covered by wacke, and the wacke passes into and is covered by basalt. Similar appearances are observed in the vicinity of Göttingen 202 in Hanover. The Meissner in Hessia is also a very instructive example of a single deposition. This hill is composed of horizontal beds of rock of this formation that rest upon inclined strata of limestone and gypsum. The lower part of the deposition is an immense bed of coal with bituminous wood; this is covered by wacke, the wacke by basalt; and the upper part is composed of greenstone. I have detailed, in my description of the Islands of Eigg, Sky, Mull, and Canna, several very interesting appearances of the alternations of greenstone, basalt, limestone, sandstone, and slate-clay; but I am doubtful if they are all to be considered as belonging to the newest flœtz-trap formation. I rather suspect that a considerable portion may belong to the independent coal formation. This is an investigation of much importance, and deserving the particular attention of geognosts.


  E.—Stratification.


  The different beds of which this formation is composed, are sometimes stratified, sometimes unstratified. The beds and strata are usually very thick, and, like other similar repositories, present many inequalities on their surface and extremities; all these have been caused by the locality of their deposition, or their having been broken by the action of water in the interval between the deposition of the superincumbent beds.


  F.—Position.


  All rocks of this formation are either 203 unconformable, or unconformable and overlying and broken, and are found resting on every rock from the oldest primitive to the newest flœtz formation. This shews, as we have already mentioned, that they have been formed by a deluge, that is, by a sudden rising and retiring of the waters of the globe, and are to be considered as constituting the newest of the flœtz formations.


  G.—Geognostic Distribution of the Rocks of this Formation.


  They are almost always interrupted or broken, that is, they occur in mountain-caps, in upfillings, and shield-shaped masses. It is worthy of remark, that these caps sometimes cover the summits of a number of neighbouring hills; and when viewed in general, all of them appear on the same level; thus intimating, that they have been formerly joined together. Frequently they form hills, which are either conical or table-shaped; and these are sometimes connected at their basis, but more generally are separated.


  Many of these rocks occur in veins. This is the case with basalt, wacke, greenstone, porphyry-slate, pitchstone and sandstone.


  H.—Petrifactions.


  Besides the great bed of coal, already mentioned, which contains vast quantities of bituminous wood, remains of organic bodies occur in several of the rocks of this formation.


  Thus Friesleben observed, in the basalt 204 of Kausau in Bohemia, the impression of a plant, which Von Humboldt considered to be either a Cerastium or an Alsinia. Von Buch found turbinites in wacke near Landeck in Silesia; also pectinites in basalt, near Valdagna; and cardites in basalt, near Brendola. It is said that bones of quadrupeds, and fresh-water shells, occur in this formation at Kalten Nordheim; and cornu ammonia, retaining their pearly lustre, occur in the basalt of Forez. Testaceous petrifactions occur also in greenstone near Prague; but the greenstone of that district is probably of older formation than the newest floetz trap.


  I.—Abundance of Springs in the Newest Flœtz-Trap Formation.


  A greater number of springs issue from the rocks belonging to this formation, than from those of the transition or coal formations. In many parts of Scotland, this is very striking. Werner observes, that basalt-hills in particular are well calculated, by reason of their naked surfaces and compact texture, to attract and condense vapour; and from their numerous perpendicular rents, and the bed of clay on which they usually rest, to conduct the condensed vapour to form springs.


  K.—Geographic Situation.


  This formation is probably very widely and abundantly distributed throughout Scotland and the north of Ireland. We must be careful, however, not to confound it with the greenstone of the independent coal formation,—an error into which almost every mineralogist has fallen. 205 This formation occurs in Arthur Seat, Braid Hills, Pentland Hills, Castle Rock of Edinburgh[26]; Girleton Hills near Haddington; North-Berwick Law; Traprain Law; upper part of Dumfries-shire; the Islands of Arran, Lamlash, Canna, Eigg, Mull, and Skye. It covers the island of Iceland; the Feroe Islands; and forms the hills of Hünneberg and Kinnekula in Sweden. Small portions occur also in Norway.


  It abounds in the central parts of Germany; is less frequent in the south, and still less abundant in the northern parts.


  Thus the Trap-hills in the southern parts of Saxony lead to the great mass of this formation in the Westerwald; the basalt-hills in the southern part of Franconia, lead to those of Spessart and Schwarzwald; the Rhone and Vogelgebirge; and from this, along the Rhine, to the Siebengebirge, and the Thuringer Waldgebirge. It is remarkable that Poland and Russia contain very little of this formation. The isolated hills of this formation, distributed throughout Languedoc and Provence, lead to the great deposition in Auvergne, which is probably one of the greatest and most elevated in Europe. It occurs also in the provinces of Dauphiny, Lyonnois, Manche, and other provinces in the south and middle parts of France; but the northern parts of that country, as 206 also Switzerland, appear to be destitute of it. In Spain, it appears at the foot of the Pyrenees; and in Portugal, at the mouth of the Tagus.


  It appears to be widely distributed throughout Palestine. Mount Arrarat in Armenia, and Mount Carmel, are composed of amygdaloid. The Garrow mountains in India are almost entirely composed of flœtz-trap; and in the interior of the country, many rocks of the same formation occur, and also in Tartary. According to the testimony of late travellers, it occurs also abundantly in Africa, and the South Sea Islands. It abounds also in North and South America.


  CHAP. IX.


  Class IV.—Alluvial Rocks.


  Aüfgeschwemmte Gebirge.—Werner.


  1. This class comprehends those rocky substances that are formed from previously-existing rocks, of which the materials have been worn down by the agency of water and air, and afterwards deposited in nearly horizontal beds on the surface of the land, or on sea-coasts.


  2. They occur partly in low and flat country, partly in high and mountainous country, and either in plains or hollows. They are of a later 207 formation than any of the preceding rocks, and afford but comparatively little variety in their appearance.


  3. They may be divided into two classes: 1st, Those formed in mountainous countries, filling valleys. 2d; Those formed in low countries, where they sometimes constitute hilly land.


  


  1st Class.—Alluvial Depositions in Mountainous. Countries. They are formed by the attrition of the mountains, in whose vicinity they are found; and consist of rolled masses, gravel, sand, and very rarely loam. They are sometimes irregularly heaped; sometimes they form beds. They contain fragments of ores, and different kinds of precious stones: hence this kind of alluvial deposite is an object of considerable importance to the miner.


  The ores are principally those which have a considerable degree of hardness and great specific gravity; hence they resist the action of friction, and are not carried very far from their original repository. Tinstone possesses these properties in a higher degree than any ore we are acquainted with. Lead-glance and silver ores are too easily broke down, to be found in this formation. Gold occurs in it, but not so abundantly as tinstone. The thin plates of gold are floated by the water, and carried away, and only the granular and heavy parts remain behind amongst the sand and gravel. Tin and gold are, therefore, the principal metals that occur in this alluvial formation. 208 We may probably add to these iron-sand, iserine and nigrine.


  Precious stones, on account of their great hardness, and considerable specific gravity, occur also rather abundantly in this formation. The diamond is found in alluvial land of this kind in the East Indies and South America. Topaz, in this formation, at Eibenstock; hyacinth in the same formation at Liegnitz; and pyrope in abundance in a similar deposition in Bohemia.


  2d Class.—Alluvial Depositions that occur in low and flat countries.


  These may be divided into mechanical and chemical.


  1. Mechanical alluvial depositions. These are peat, sand, loam, bog iron-ore, and nagelfluh.


  Peat usually appears covering the surface, and resting on alluvial beds. It is sometimes a foot, sometimes forty feet thick and upwards, and seldom alternates with beds of clay or calc-tuff. There appears to be a complete transition into moor-coal, and from that through the other species of coal.


  It is worthy of remark, that many, if not the greater number, of carbonated mineral waters, rise from this formation.


  Sand.—In this formation, the sand is not always quite pure, but is mixed with gravel and rolled masses. Sometimes the sand is quite pure; sometimes it is mixed with iron-ochre and clay; and by these means, is sometimes converted 209 into true sandstone. The finer kinds of sand are frequently raised in great quantity by the wind, and carried to vast distances, and heaped into hills of considerable magnitude. Immense plains, covered with this kind of sand, occur in Africa and Asia, and others of less extent in Europe; as in Lusatia, Westphalia, &c.


  There is still another kind of sand: it is very fine, but leaves so many interstices, that when it meets with water, it forms a semi-fluid mass, known under the name of Quicksand, and which is extremely dangerous.


  Metals are sometimes found in sand; and of these gold is the most frequent.


  


  Loam.—Under this, we include beds of loam and clay. These are more or less sandy, and even sometimes alternate with beds of gravel and sand. Reniform iron-ore sometimes occurs in it. It forms very extensive tracts of low and flat country.


  Both in loam and in sand there sometimes occur great beds of bituminous wood, earth-coal, mineral-charcoal, and alum-earth. It would appear that the beds of bituminous-wood in loam, are bituminous and inclining to coal; but those in sand are more aluminous. These beds are usually from 100 to 120 feet thick. The bituminous-wood is sometimes accompanied with amber, and rarely with honey-stone. 210 Natural sulphur, flaggy mineral-pitch, and crystals of selenite, sometimes also occur in it.


  Bog iron-ore—is a very important alluvial rock. It occurs frequently in moorish places. It may be considered as partly a mechanical, and partly a chemical deposite.


  Nagelfluh.—This rock is usually composed of fragments of limestone, more or less rounded, and of various magnitudes, cemented together by a basis of calc-sinter. It occurs always at a greater or less distance from limestone mountains, and sometimes forms considerable tracts of country. It appears abundantly at the foot of the great hills of alpine limestone, that bound Bavaria to the south, and in many other places of the great limestone range that passes through the Tyrol, Styria, &c.


  2. Chemical alluvial depositions.—These are calc-tuff and calc-sinter, which are the newest members, if we except coral, of the great limestone formation-suite.


  (1.)Calc-tuff.—It occurs in beds, and these have different degrees of density; some being earthy, and others porous. It occurs usually in the vicinity of limestone mountains, and in deep places. It often includes gramineous plants, mosses, and leaves of trees, which are more or less altered. But the most remarkable circumstance, is its containing the remains of extinct 211 quadrupeds; and these being accompanied with fresh-water shells, but never with marine shells.


  (2.)Calc-sinter.—It occurs principally lining and filling up fissures and caverns.


  CHAP. X.


  Class V.—Volcanic Rocks.


  Vulkanische-Gebirge.—Werner.


  There are two kinds of volcanic rocks;pseudo-volcanic, and volcanic.


  1.


  Pseudo-volcanic Rocks.


  Pseudo-vulkanische Gebirgsarten.—Werner.


  The pseudo-volcanic rocks are the following; 1. Burnt clay; 2. Porcelain-jasper; 3. Earth-slag; 4. Columnar clay-ironstone; and, 5. Polishing-slate.


  1. Burnt clay. Its colour is usually red; it sometimes also occurs grey, yellow, brown, and very seldom is spotted or striped. It sometimes contains impressions of plants.


  It is clay or slate-clay which has 212 experienced greater or less degrees of heat, but never so much as the following species, the porcelain-jasper.


  2. Porcelain-jasper.—This substance is particularly described in the first volume of this work. It is slate-clay or common clay, which has been exposed to a heat that has conversed it into a kind of porcelain. Like the preceding species, it sometimes contains impressions of plants; a fact which shews that it has not been completely melted. It is evident, also, from what has been said, that both species are in their original repository.


  3. Earth-slag.—As the fossils which are converted into earth-slag by volcanic fire, differ very much from one another, it is evident that the appearance of the slag must also be very various. It very much resembles common forge-slag. It is black, sometimes brownish or reddish, and is frequently covered with a tempered-steel tarnish. It is amorphous or vesicular, and has sometimes a metallic lustre. Some varieties have an earthy aspect, but that is rarely the case. It contains no fossils wrapped up, nor are large masses so uniform as lava. It originates, probably, from clay or clay-ironstone.


  4. Columnar clay-ironstone. It is usually semi-vitrified.


  5. Polishing-slate. This substance is described in the first volume of this work. Werner suspects it to be the ashes of burnt coal, which have been carried by water to low situations, and deposited in 213 a slaty form.


  All these pseudo volcanic products usually occur together, and only in places where coal has been, and is still, in greater or less quantity.


  Distinct examples of pseudo-volcanoes occur in Bohemia and many other countries, particularly in our own. In some places the volcanoes have ceased to burn, owing to the coal having been entirely consumed.


  2.


  True Volcanic Rocks.


  Aechtvulkanische Gebirgsarten.—Werner.


  The products of volcanoes are ejected stones and ashes, lava, and water mixed with ashes, of a slimy consistence.


  The first order comprehends, the ejected stones and ashes; the second the different kinds of lava; and the third the matter of muddy eruptions.


  1. The Stony Ejections, are those which are always thrown from the summit of the volcano. These accummulate and form the crater, which is a tunnel-shaped hollow. All these ejected matters are irregularly heaped on each other, and consist partly of the roof and sides of the volcano, and partly of lava. The following ejected stones are enumerated by mineralogists, 1. Granular limestone, which is said to contain, either imbedded or in drusy cavities, tremolite, pistacite, olivine, 214 augite, vesuvian, melanite, sommite, and hornblende. 2. Granite. 3. Mica-slate. 4. Greenstone; and, 5. Sandstone.


  2. Lava.—Werner enumerates but two subspecies of lava; Slag-lava, and Foam-loam, both of which are described in the first volume of this work. Karsten enumerates the following: Piperno, Leucite-lava, Viterbo-lava, Aperiestische-lava, Felspar-lava, Punctated-lava, Augite-lava, Krypto-leucite-lava, Vesicular-lava, Slaggy-lava, Glassy-lava, and Pumaceous-lava.


  It is often porphyritic, but the crystals are wrapped up, not imbedded. It can scarcely be said to present any thing like stratification. Both externally and internally it has a rough aspect. It does not extend very far, having in general flowed, in streams of considerable height, into hollows, and gradually consolidated during its course.


  3. Matter of Muddy Eruptions.—This comprehends Volcanic-Tuff, which is composed sometimes of ashes, sometimes of vesicular lava, and probably some particular chemical formations.


  To these volcanic productions may be added sulphur, and muriate of ammonia.


  Pumice has been arranged with volcanic products; so has Obsidian; but neither of these fossils were ever observed to constitute part of a stream of lava.


  It may excite surprise that I have said so 215 little regarding the different productions of volcanoes, after the numerous works that have been published on this subject. I have only to say, that the descriptions hitherto published are in general so vague and imperfect, that it is not possible, from them, to give a satisfactory account of the various true volcanic rocks. We have to expect a description of this kind from that consummate mineralogist Mohs, one of the few capable of conducting with judgment so delicate and interesting an investigation.


  We shall conclude the account of the general mineral repositories, that is, the different kinds of rock, by stating the phenomena, and explaining the causes, of volcanoes.


  Volcanoes are of two kinds: 1. Pseudo-Volcanoes. 2. True Volcanoes.


  1.


  Pseudo-Volcanoes.


  1. They occur usually in low situations, sometimes also in hilly country. They are discovered by the sensible heat of the surface of the earth in their vicinity; sometimes by smoke, more seldom by flame. Sulphureous and ammoniacal depositions frequently incrust the ground; and sometimes warm springs occur in their vicinity.


  2. They are almost always situated in the independent coal formation; and are caused by the spontaneous or accidental inflammation 216 of beds of coal.


  2. Numerous appearances of this kind are to be observed in Bohemia, and some in Scotland and England. Many of the volcanoes in Kamschatka, and other countries, that throw out only flame and smoke, are to be considered as pseudo-volcanoes.


  3. The effects of these volcanoes is very limited and inconsiderable, in comparison with those of true volcanoes.


  2.


  True Volcanoes.


  1. Volcanoes have usually a conical shape, and are provided sometimes with one, sometimes with several mouths or craters.


  2. Volcanic mountains in a state of activity, are those that throw out, from time to time, smoke, vapour, flame, glowing and melted masses, ashes, and more rarely water.


  3. These eruptions alternate in longer or shorter periods, and are usually accompanied with earthquakes and lightning.


  4. The different degrees of activity of a volcano are well distinguished by the phenomena that occur. The lowest degree of activity is when it throws out smoke, and then it is said to be in a state of rest. This smoke is composed of aqueous vapour, muriatic and sulphureous gases; also azote, carbonic acid, and hydrogen gas. There are deposited from it sublimates of different 217 kinds. The smoke has sometimes a black colour, and then it contains much carbonaceous matter; sometimes a grey or white colour, when it is principally composed of aqueous vapour.


  When a volcano is in a greater state of activity, its operations are not confined to the evolution of smoke and vapour; it then ejects glowing matters. The succession of these ejections follows no rule; they sometimes succeed each other almost instantaneously; sometimes several seconds, and even a more considerable time, intervene between every successive ejection. These ejections are accompanied by a noise which is heard in the vicinity of the mountain, and whose loudness corresponds to the magnitude of the stones, and the height to which they are projected.


  These ejections of unconnected masses succeed each other so rapidly, that astonishing accumulations are soon formed. It is observed that this phenomenon is frequently accompanied with lightning.


  But besides these glowing stones, vast quantities of ashes are also thrown from the mouth of the volcano. During the eruption of Vesuvius in 1794, the erupted ashes are said to have reached as far as Calabria.


  But the most striking phenomenon exhibited by volcanoes, is the flowing of streams of lava from their crater, or the lateral openings. The 218 eruption of the lava is usually preceded by earthquakes, whose extent and intensity are in proportion to the quantity of erupted lava and evolved gas.


  The velocity of the lava depends on the declivity over which it flows, and the impulse it receives from succeeding streams.


  After the eruption has ceased, vapours continue to issue from the lava for a long time; and this vapour contains the same ingredients as that already mentioned.


  5. The number of active pseudo-volcanoes and true volcanoes is estimated at 193.


  6. The ancients attributed all the variety of appearances that occur in active volcanic mountains, to the agency of an imaginary central fire. Lister maintained, that inflamed pyrites was the cause of volcanoes. The elder Lemery gave more plausibility to this hypothesis, by his well-known experiment with sulphur and iron-filings; and ever since the time of that celebrated chemist, it has been very generally supposed that volcanic fire is excited by the decomposition of pyrites, by means of air and water. We, however, possess no example of the spontaneous inflammation of pyrites, without the presence of other inflammable matter. Besides, if this were the cause of volcanoes, sulphureous vapour and sulphuric acid ought to be extremely abundant, which is not the case; 219 and further, we know that beds of pyrites almost always occur in high mountains, and scarcely ever in such low situations as are usually occupied by volcanoes.


  Many other hypotheses have been proposed, and of these that of Werner is the most satisfactory[27].


  He is of opinion, that the commencement and continuance of pseudo-volcanoes and true volcanoes, is caused by the inflammation of beds of coal, only that in the case of true volcanoes, greater beds of coal and a more solid covering are required than in pseudo-volcanoes; and that this cover must consist of such rocks as yield a material for lava, as basalt or wacke. A principal condition is the rushing in of water as the immediate cause of the eruption.


  The grounds for this opinion are the following:


  1. That immense beds of black-coal or masses of brown-coal, occur in many parts of the globe. As examples, may be mentioned, the great bed on the Meisiner, and that near Kütterschitz, in the vicinity of Bilin in Bohemia: the one has been pierced ninety feet, and the other far deeper, without reaching the bottom of the bed. 2. That beds of black-coal and brown-coal, in a state of inflammation, frequently occur; as examples, 220 he mentions that of Duttweiler in Saarbruck, Milsau in Bohemia, and many in other parts of the world. 3. That black and brown coal occur abundantly in those places where volcanoes exist, namely in plains and hilly country, as is the case with Ætna, Vesuvius, Hecla, and others. 4. The circumstance of some volcanoes reaching a great height, is owing either to the accumulation of loose and melted materials since the period of their commencement, or to the accidental position of the particular formation in which they are seated. 5. That the occurrence of coal under basalt, and the oryctognostic and geognostic affinity of lava to basalt, seem to shew not only that coal affords the inflammable materials to volcanoes, but also that the covering is basalt or wacke. 6. That the occurrence of basalt in the vicinity of volcanoes, is not uncommon, as appears from the writings of Hamilton, von Troil, Dolomieu, and others. 7. That the constituent parts of lava, with the exception of water, are the same as those of basalt or wacke. 8. That all volcanoes appear to occur in the newest flœtz-trap formation, which is characterized by the immense deposition of coal it contains.


  We have therefore only to suppose an immense bed of coal in a state of combustion; that its outgoing is covered by strata of basalt or wacke; that hollows are formed by the combustion of the inflammable materials; that the 221 superincumbent basalt or wacke is melted by this heat, and flows into these hollows; and that water rustles in on the surface of this melted mass, and occasions its expulsion.


  Hence the conditions for the existence of a volcano appear to be the following: 1. A substance capable of combustion; and this we may fairly infer to be coal: 2. Actual combustion, which may be caused by the spontaneous inflammation of the coal, or its being kindled by lightning: 3. The melting of the stony beds that rest on the coal: 4. The rushing in of water from the sea, or from the surface of the land during wet seasons, or by the flowing in of small rivers or lakes: 5. The presence of a power capable of forcing the melted matter from its repository; and this we may conclude to be aqueous vapour.


  CHAP. XI.


  Mineral Repositories.


  Lagerstätte.—Werner.


  1. By mineral repositories, we understand those spaces that contain the various mineral substances of which the crust of the earth is composed. 222 These repositories are of two kinds;general and particular.


  a. General mineral repositories, are those spaces in which the various mountain-rocks are contained.


  b. Particular mineral repositories, are those spaces in mountains, &c. which are filled with materials more or less different from the rock of which the mountain is composed.


  2. In describing the appearance of mineral repositories, we must attend not only to the various relations of these spaces, but also to the relations, structure, and nature of the minerals which they contain.


  3. The General Mineral Repositories, which include the various mountain-rocks, have been already particularly described. We now proceed to consider the


  Particular Mineral Repositories.


  Besondere Largerstatte.—Werner.


  1. The minerals that fill up the spaces in particular mineral repositories, are usually metalliferous; sometimes also saline, inflammable, and earthy.


  2. Some of these repositories are of cotemporaneous formation with the rock in which they occur, and others are of posterior formation; and 223 hence they are by Werner divided into two classes. The first class contains those which are of cotemporaneous formation with the rock, and includes beds and lying masses. The second, those which are of posterior formation, and includes veins, stock-werks, erect masses, and putzen-werks.


  First Class.


  particular mineral repositories of cotemporaneous formation with the rock in which they occur.


  I. Beds.


  Lager.—Werner.


  1. Beds are tabular-shaped repositories, having two of their dimensions considerably greater than the third. They are always parallel with the strata of the mountain; and have also the same direction and dip, the same curvatures, and are usually of equal extent[28].


  2. The smallest extent of a bed is denominated its thickness. The thickness of beds is very various: if it can be reached or determined by a glance of the eye, no further distinction is necessary; but if it cannot be measured in this manner, that 224 is, if it is extremely thick, it is denominated a mountain-mass, (Gebirge-mass). When beds are of considerable thickness, they are frequently divided into tabular masses, and such a bed is said to be stratified. Sometimes two beds meet together, when the interposed rock disappears. Beds which are perpendicular at the surface of the earth, become gradually more horizontal as they descend.


  3. Beds contain but few fosils, and in this respect they differ remarkably from veins. When three or four different fossils occur in the same bed, it is considered as very compound; and it is interesting to observe, that these fossils occur in such relations as shew that they are all nearly of cotemporaneous formation. Druses seldom occur; they are small and inconsiderable, and do not extend far. Layers of clay are seldom observed between beds, and they are usually fresh and unchanged on their upper and under surfaces, rarely decomposed.


  4. They are sometimes of great extent. There are instances of their having been traced several hundred miles. Bituminous marl-slate is an example of this kind. In primitive mountains, their extent is less considerable, but even then we observe them extending many miles.


  5. Where beds terminate, they sometimes appear to pass into other rocks; sometimes to wedge themselves out; the first occurs frequently in primitive mountains, and sometimes, although 225 rarely, in flœtz-mountains: sometimes great irregularities are to be observed in the thickness and extent of the same bed, particularly in primitive and old flœtz-mountains.


  6. The fossils of which beds are composed are either completely different from the mass of the mountain itself, or they are of the same class, but different species. Thus we find beds of limestone in hills of sandstone, and beds of felspar in mountains of gneiss.


  7. In primitive mountains, there are certain fossils that almost always occur in beds; these are hornblende, actynolite, mica, and garnet: several ores also occur often and abundantly in a similar species of repository, and usually accompanied with the fossils just mentioned. Thus, magnetic ironstone scarcely occurs in any other kind of repository: iron-glance, and red ironstone, also form considerable beds; and copper-pyrites, iron-pyrites, and lead-glance, occur together, and variously mixed, in beds; and it is remarkable, that these ores, in such repositories, are often impregnated with gold and silver. Cobalt, and certain ores of mercury, also occur in beds.


  Lead-glance, calamine, and clay-ironstone, occur abundantly in beds in flœtz-mountains.


  8. If we attend carefully to the manner in which the individual fossils are aggregated together, in most cases it will not be difficult to distinguish, in hand specimens, masses that occur in beds, 226 from those that occur in veins. When the mass of the bed consists of several fossils, these are always intimately aggregated together, and seldom fully crystallized. Besides, beds contain fossils that do not occur in veins, as garnet, actynolite, &c.


  9. These metalliferous beds, when in primitive mountains, occur in gneiss, but principally in mica-slate and clay-slate. Almost, all the ores in the great mining districts of Sweden are in beds in primitive mountains; hence most of the specimens from that country are composed of massive-ore with few crystals, and always accompanied with actynolite, hornblende, and other fossils that almost invariably occur in beds. In England there are mines where the ores occur in beds, but by far the greatest proportion of the English mines are situated in veins.


  II. Lying-Mass.


  Liegende-Stock.—Werner.


  1. By a lying-mass is understood a short and thick mass that wedges out or becomes smaller at the extremities, and which has the same direction with the strata between which it is interposed.


  2. This kind of repository rarely occurs in primitive, but more frequently in flœtz mountains. It is from 20 to 50 fathoms in length and breadth, and about 20 fathoms in thickness or height.


  3.Certain kinds of iron-ore and copper-ore, and also rock-salt, occur in this kind of repository.


  III.


  Besides these repositories, there is still 227 another, which cannot properly be arranged with any of the species of particular mineral repositories, and for which we have no name. Thus, ores are frequently disseminated through rocks, and sometimes in masses of greater or less magnitude. The smaller masses are by miners denominated kidneys, or vests; but the larger and more important have not hitherto received any particular denomination. Tin affords examples of kidneys or nests; and those on the great scale occur in lead-glance, and it is said also in graphite[29].


  Second Class.


  particular mineral repositories, of posterior origin to the rock in which they occur.


  We may remark in general, of all the repositories of this class, that they appear to have been formerly open fissures, which have been afterwards filled up with the fossil materials they now contain. The following are the repositories belonging to this class.


  I. Veins.


  Gänge—Werner.


  Veins are tabular-shaped masses, having two of their dimensions greater than the third, and that 228 almost always traverse the direction of the strata[30] and are composed of materials that differ more or less from those of the rocks which they intersect: Or we may describe them as fissures that have been afterwards filled up by different mineral substances.


  1.


  External Relations of Veins.


  Breadth and Extent of Veins.


  Veins vary very much in their magnitude, yet the length and depth always bear a certain proportion to each other, and the breadth to the length and depth. The length and depth are frequently nearly alike, yet the length is generally somewhat more considerable than the depth.


  1. Breadth or width of veins.—In most 229 metalliferous mountains, we find that veins extend a few hundred fathoms, and then their width does not exceed two feet.


  Veins whose width exceeds a few fathoms are to be considered as uncommon, and those whose width is still greater, are to be viewed as exceptions to their general appearance. Humboldt and Friesleben observed veins of calc-spar 140 feet wide, traversing gneiss, in the valley of Lauterbrun, in the Alps of Switzerland. In the island of Arran, I observed a vein of porphyry-slate nearly 160 feet broad, traversing sandstone. Born mentions, that the Spitaler vein at Schemnitz, in Hungary, is from 14 to 15 fathoms wide. In that part of the Fichtelgebirge that belongs to Bavaria, there is a vein from 42 to 70 feet wide; and in the county of Holberg, near Rotleberode, there is a vein of fluor-spar 35 feet wide. In this country there are veins of pitchstone and greenstone from 10 to 100 feet wide.


  The width of veins does not continue the same throughout, but changes considerably, and in some particular veins in a remarkable degree.


  2. Length of veins.—Veins differ very much in their length: when their length exceeds 6000 feet, it is to be considered as uncommon. The following may be mentioned as instances of veins of uncommon length: The Halsbrückner-Spath near Freyberg, which has been traced above four miles and a half; the Mordlauer flach vein in the 230 Fichtelgebirge, 9000 fathoms; and the Friedensgrubner-flach vein, in the same mountains, 5000 fathoms. Greenstone and pitchstone veins may be traced some miles in this country, as in the island of Arran.


  3. Depth of veins.—Few veins reach above 200 fathoms below the surface of the mountains in which they are situated, and still fewer continue metalliferous to the depth of 300 fathoms. The following are instances of veins which are metalliferous at the depths mentioned:


  


  The Küchschat vein near Freyberg, at 207 Fathoms


  The Junghohebirke vein near Freyberg, at 158


  The Thurmhöfer vein, also near Freyberg, at 300


  The Samson vein at Andreasberg, at 250


  The Thurmhofer-shaft at Clausthal, at 312


  The deepest shaft on a vein is that at Küttenberg in Bohemia, 500


  


  4. That part of a vein which appears at the surface of a mountain is denominated its outgoing or crop; the directly opposite boundary its bottom; and the lateral extremities, its ends. Those planes that bound the vein according to its greatest extent, are termed its saalbände or sides.


  5. Veins continue in general in one direction. It must be understood that we here allude to the general direction. A vein of a mile in extent may stretch north and south in general, but there may be many deviations from that during so 231 long a course.


  6. Veins are usually much inclined, always more so than beds: the average inclination of beds is 43°, that of veins much higher. In inclined veins, the upper side is denominated the hanging side, and the lower side the lying side.


  2.


  Structure and Internal Relations of Veins.


  1. The mass or body of a vein, as we have already observed, is almost always different from that of the rock which it traverses. In some cases, however, we discover resemblances between mountain-stones and vein-stones. Instances of this kind are porphyry and granite.


  2. A principal character of veins is their division into branches. The vein is sometimes divided into many branches by fragments of the walls (nebengestein)[31]; or, branches shoot out from the sides of the vein in different directions, and either terminate gradually in the rock at a greater or less distance from the vein, or, by winding, again join it.


  It is observed that small veins usually terminate in the manner ot these lateral branches; but large veins, on the contrary, divide into numerous branches at their ends and bottom, but less 232 frequently at the bottom than at the ends.


  3. The mass of the greater number of veins is separated from the rock through which it passes, by a very delicate seam; but in others this is not the case. Sometimes the sides of the vein are coated with a clayey substance, which is denominated Besteg by the German miners; but this does not always continue throughout the whole extent of the vein in which it occurs. In other cases the substance of the vein is intimately mixed with its walls.


  4. Veins are composed either of earthy masses, as clay or loam, or rocks, as granite, clay-slate, alum-slate, porphyry, sandstone-conglomerate, sandstone, flœtz-limestone, coal, basalt, wacke, greenstone, pitchstone, porphyry slate, or ores of different kinds. The stony materials of which many veins are composed, have been formed either on the spot, or have been brought, generally in the form of fragments, ready-formed, from a distance. In the one case, they are either fragments of the walls of the vein, or fragments from older parts of the same vein, or sand, gravel, rolled-masses, or sandstone: in the other, they are mountain-rocks, or simple fossils of different kinds, as calc-spar, heavy-spar, brown-spar, fluor-spar, zeolite, jasper, opal, agate, chalcedony, quartz, hornstone, &c. There is scarcely any species of ore that does not occur in veins. It is also well known that generally a great variety of earthy and metallic 233 fossils occur together in the same vein,—a character which serves in general to distinguish the mass of beds from that of veins.


  5. Some veins are composed of but comparatively few fossils, and these are massive and intimately aggregated together; others are composed of a greater variety of fossils, but which shew little regularity in their structure; and lastly, veins frequently occur having a regular structure, where the different materials are arranged in layers parallel among themselves and to the walls of the vein; and these throw great light on the origin of veins, and on the formation of the minerals they contain.


  When veins are composed of different layers, or are bedded, the same succession of layers is to be observed from both sides towards the middle. Each succeeding layer has been deposited on the preceding, or laid on it in such a manner that the crystals of the second layer are always impressed by those of the first. A beautiful example of the venigenous bedded structure, occurs in the vein Hülfe-Gottes, at Gersdorf in Saxony. This vein is from six to nine feet wide, and is composed of parallel layers, which sometimes amount to forty in number. These layers are composed alternately of calc-spar, fluor-spar, lead-glance, grey copper-ore with fluor-spar, heavy-spar, and a very small portion of quartz. Similar appearances occur at 234 Lead-hills, and in many other mining districts.


  In veins of this kind, in particular, we frequently meet with openings or unfilled spaces, which are generally situated towards the middle of the vein, and are by miners denominated Druses. They have usually a longish shape, and are always parallel with the vein. They have various contractions and widenings. They vary much in size, being from a few inches to several fathoms in magnitude. Their surface is covered with crystals, which are usually of the same fossils that form the massive part of the vein. Thus, the druses in veins composed of quartz, are lined with quartz-crystals; those in veins of brown-spar, with brown-spar crystals. When druses are lined with a variety of crystallizations of different fossils, we observe that the one series is laid on the other in a determinate order; the oldest part of the formation being that on which all the other crystals rest; the newest, that which covers all the others. Druses are sometimes filled with water; and when they are of great size, the quantity of water they contain is so considerable, as to endanger the lives of miners, when they are cut into. It is also observed, that druses occur most abundantly, and of greatest size, in the upper part of veins, but become gradually smaller and less numerous in the deeper parts.


  Veins composed of mountain-rocks 235 sometimes present a bedded appearance. There are many interesting examples of this fact in the island of Arran[32]. In that uncommonly interesting spot, wacke and greenstone occur in layers in the same vein. In other cases, veins are composed of layers of greenstone, porphyry-slate, and pitchstone. Other kinds of bedded veins occur in Arran and other parts of Scotland, which I shall take another opportunity of describing particularly.


  6. Besides the drusy cavities, there sometimes occur very considerable open spaces in veins, that reach from the one side to the other, or from the hanging to the lying side.


  7. When we attend to the masses of which veins are composed at different depths, we observe that they contract towards the lower part of the vein, but expand or recede from each other in the upper part. Thus, those layers, which in the upper part of the vein are near to its sides, are at a considerable distance from them lower down, and, still deeper, approach nearer to the middle of the vein.


  8. The appearances produced by the meeting, and intersecting of veins, are highly curious and important.


  a. When a number of veins, that do not 236 intersect one another, occur in the same district, it is observed that they have usually the same direction and constituent parts; thus intimating, that all of them have been formed at the same time. When different venigenous depositions occur in the same district, then the direction of the veins of these different depositions is various, and they are arranged in such a manner, that each particular formation has a certain direction.


  b. Veins running in different directions, either cross, or simply meet one another. When they cross, that which is crossed or intersected is the oldest, and that which crosses or intersects, the newest. This important observation was first made on the continent of Europe by Werner, and in England by Price, in the mines of Cornwall. In considering the relative age of veins, there is another distinction to be attended to. It is founded on the materials of which the vein is composed, and their greater or less incorporation with the rock which the vein traverses. The oldest veins in a mountain are those composed of nearly the same materials as the strata they traverse, and in which no distinct seam of separation is to be observed between their sides and walls; on the contrary, the substance of the vein is to be observed mixed with, and passing into that of the rock; and it wedges out in every direction in the mass of rock, thus shewing, that it has not been filled from above or below, but is, as it were, a secretion 237 from the rock itself. Such veins are denominated cotemporaneous, because they appear to have been formed almost at the same time with the rock in which they occur. In the island of Arran there are numerous interesting cotemporaneous veins, in granite, gneiss, mica-slate, clay-slate, and greenstone, as at the Tor-nid-neon, Glen-Rosa, Loch-Ranza, Glen-Clachan, Glen-Duig, &c. of which I intend to publish a particular description.


  c. Veins sometimes cross each other, without causing any change of direction; but more frequently we find the direction considerably changed.


  d. When veins meet under an acute angle, the newer frequently traverses the older; runs parallel with it to a considerable extent, on its lower side, and then again diverges under the same angle it crossed it; sometimes the newer vein does not fully traverse the older, but changes its direction in the middle; runs through the body of the vein; and after a longer or shorter course, again diverges at the same angle it entered. Sometimes the newer vein does not even traverse the older; only meets it; then runs parallel with it; again diverges; and this is sometimes frequently repeated in the course of the vein[33].


  Sometimes newer veins do not even run 238 parallel with the older, but fairly terminate in them; and this takes place usually on the hanging or upper side.


  9. In the same veins, we sometimes meet with two or three different formations. Thus, in some Saxon metalliferous veins, we find the lowest formation to be lead-glance; immediately above it, a formation of native silver; and the uppermost sparry-ironstone. In France, there are veins, whose lowest formation is copper-ores; immediately above it, a formation of silver-ore; and the uppermost is a formation of iron-ore. Many more examples of the same kind might be mentioned.


  10. Great veins usually run parallel with the general direction of great valleys; and this was to be expected if veins have been formerly open fissures, and these fissures formed by the sinking of the unsupported side of the mountain.


  11. Veins also occur more frequently in 239 flat hilly country, than in steep mountainous country, and generally on the ridges of the hills. Beds, on the contrary, are equally, if not more abundant, in steep mountainous country.


  12. Sometimes the strata or beds, traversed by veins, are merely separated; so that the strata or beds on opposite sides of the vein correspond. In other cases, there is a dislocation, or what miners call a shift of the strata, that is the similar strata or beds on opposites sides of the vein, do not correspond, but are depressed or sunk on the hanging or upper side of the vein. The degree of depression or dislocation usually corresponds to the magnitude of the vein.


  13. The walls of veins are frequently more or less altered; and this alteration is caused either by an intermixture of the materials of the vein with that of the wall[34], or by a decomposition of the wall, owing to the agency of percolating water, or the substances of which the vein is composed.


  14. All true veins appear to have been 240 formerly open fissures; and these fissures seem to have been filled from above with the mineral substances they now contain.[35] Such is the theory of Werner.


  a. These fissures may have been formed in different ways; as by the unequal accumulation of rocky matter, at the time of deposition; by the loss of support, owing to the diminution of the water; by the desiccation of strata, caused by the consolidation of crystalline depositions; sometimes by earthquakes, and the softening of strata during long-continued rains.


  b. That all veins have been formerly open fissures, is shewn by the perfect agreement of veins and fissures in their various characters. Thus, veins agree perfectly with fissures in their shape and position. Like them, they are seldom much contorted in their course; they wedge out at their extremities, and diminish in breadth towards their bottom; and in many cases even close completely; and they have frequently lateral branches on their hanging side.


  c. Their inclination, like that of fissures, is always more inclining to the perpendicular than the horizontal line; and they generally dip in the direction of the declivity of the mountain in which they are situated; and, lastly, veins of the same formation, like fissures, have usually the same direction.


  d. That these fissures have been filled from 241 above, is shewn by the drusy cavities in veins, which are remaining unfilled portions of the original rent; by the rolled stones found in many veins, and in some particular veins, where the deepest part of the veins is filled with a conglomerate of rolled stones, but the upper part with ores of different kinds; by the petrifactions that occur in certain venigenous formations; by the sandstone, clay-slate, and porphyry-slate, with which certain veins are filled; and, lastly, by the converging stratified structure of many veins.


  3.


  Method of Describing a Vein.


  As an accurate knowledge of veins is in many respects highly important, we shall now state, from Werner's "Treatise on Veins," the method of describing this kind of mineral repository.


  


  I. The exterior or external relations of the vein; which comprehend,


  1. Its position. Here we have to determine,


  A. Its distance from certain fixed and known points.


  B. Its direction.


  C. Its inclination; that is to say,


  a. Its angle of inclination; and,


  b. The point of the compass towards which 242 it inclines or dips.


  2. Its magnitude. Here we have to consider,


  A. Its width.


  B. Its extent; which includes,


  a. Its length.


  b. The manner in which it terminates. Further,


  C. Its ramifications.


  


  II. The interior or internal relations of the vein. These are the following:


  1. Its predominating ores and vein-stones. Of these,


  A. We must give a short oryctognostic description; and also note


  B. Their frequency.


  C. Their local order; that is, the order of the vein-stones and the ores to each other.


  D. The variations that occur in particular parts of the vein.


  2. The rarer ores and vein-stones that occur in the vein. Of these we must also give


  A. A short oryctognostic description; and note


  B. Their frequency.


  C. Their local arrangement or order.


  D. Where; and,


  E. Under what circumstances, they 243 occur.


  3. What concerns the metalliferous parts; that is, those parts of the vein where the ore occurs, viz.:


  A. Their magnitude.


  B. Their richness.


  C. Their frequency, and distance from each other; and,


  D. The place where the principal ores occur, or where they were formerly, and their magnitude.


  4. The other internal relations of the vein, viz.


  A. Its druses.


  B. The fragments of rocks mixed with the substance of the vein.


  C. The besteg, and


  D. Whether or not it adheres to its walls.


  


  III. The walls or adjacent rock. Here we have to observe,


  1. The kind of rock.


  2. The inclination of the strata; and,


  3. The alteration on the hanging or lying sides, viz.


  A. The greater or less degree of decomposition they exhibit,


  B. The metallic or other particles with 244 which they are impregnated.


  We have further to determine,


  4. Whether or not they are rent, and the kind of rents.


  5. The beds that occur in the walls; of which,


  A. We must give a short oryctognostic and geognostic description; and ascertain


  B. The places where they occur.


  C. The effect they have ou the vein, or the effect of the vein upon them.


  


  IV. The relation of the vein we are describing, to the vein or veins which it meets, and, conversely, the relations of these veins to the vein we are describing. We must remark on each of these;


  1. The point of meeting. Then give


  2. A short account of their direction, dip, magnitude, ores, and vein-stones; and


  3. Describe the appearances presented by these veins, in their intersections with the principal vein; that is to say,


  If, after meeting the vein, they continue for some time together.


  If these veins traverse the principal vein.


  If they are traversed by it.


  If they are divided into branches by it; or if it is divided into branches by them.


  If they shift it, or if they are shifted by 245 it; and the magnitude of the shift.


  If they interrupt the course of the vein; or if they are interrupted or cut off by it; and,


  What influence and change they produce on the nature of the vein-stones and ores.


  


  Such are the natural relations to be remarked in the description of a vein.


  4.


  Description of the most important Metalliferous Venigenous Depots in the district of Freyberg.


  We shall conclude this short sketch of the natural relations of veins, with an account of the venigenous formations of the district of Freyberg [36].


  The following characters of these depots or 246 formations were ascertained by Werner, after numerous examinations of this district during the course of thirty years[37].


  He describes eight principal depots of metalliferous veins, without including other less considerable ones. These depots are well distinguished from each other, and they generally contain many metals.


  1st Depot.—Lead-glance Depot or Formation.


  The first, and unquestionably the oldest, of these depots, is the one we are now about to describe. It has been known from the earliest period of the working of the mines of Freyberg, and has afforded uninterruptedly much lead and silver, and small quantities of copper; and it still continues to afford the same ores.


  These ores are the following:


  


  Large and coarse granular lead-glance, containing from an ounce and a half to two ounces and a half of silver in the quintal.


  Common arsenic-pyrites.


  Large and coarse granular black-blende.


  Common iron and liver pyrites, and sometimes also small portions of


  Copper-pyrites, and


  Sparry ironstone.


  The vein-stones (gangue, gangarten) are 247 principally quartz, sometimes


  A little brown-spar; and, rarely,


  A little calcspar, almost always crystallized.


  Quartz appears to be the oldest or first formed of all the fossils of this formation. The lead-glance, black-blende, arsenic, iron and copper pyrites, appear in general to be of cotemporaneous formation, but newer than the quartz. If, in any instance, there appears a difference in the relative age of these ores, blende appears to be the oldest, and lead-glance the newest. The sparry-ironstone and brown-spar are still newer, for they occur almost always in the middle of these veins, and frequently form druses. Calcspar, which occurs but rarely, and in small quantity, in the veins of this formation, is the newest fossil, its crystals covering or lining the walls of the druses. Besides the minerals we have just mentioned, which are intimately united together, and which compose the body of the vein, we sometimes meet with small portions of copper-pyrites and lead glance, of a still newer formation: these two ores, united with a little quartz, always occur in crystals upon brown-spar, but they are invariably under the calcspar, consequently are older than it. Of the five first-mentioned ores, copper-pyrites occurs in smallest quantity, and it would seem not to appear in all the veins of this formation. But grey copper-ore occurs in some of these veins, and always massive and disseminated, and mixed only with 248 copper-pyrites, into which it appears sometimes to pass. Werner is not certain whether this may not belong to another formation.


  This depot occurs from six inches to two feet wide It traverses gneiss, clay-slate, and the newer porphyry.


  2d Depot.—Depot of Silver and Lead.


  This is one of the most important depots of the district, not only on account of the quantity of ore which it has afforded, but what it still yields. The ores which it contains are the following:


  


  Large and coarse granular lead-glance, very rich in silver.


  Small and fine granular black-blende.


  Also common iron-pyrites and liver-pyrites, and almost always


  A little arsenic-pyrites.


  Further:


  Dark red silver-ore,


  Brittle silver-ore,


  White silver-ore; and sometimes also


  Plumose grey antimony-ore.


  The vein-stones are


  Principally quartz,


  Much brown-spar; and frequently


  Calcspar.


  We can easily distinguish the relative age 249 of the different minerals contained in this formation. Quartz is almost always the oldest, being generally deposited immediately upon the walls of the vein. The sides of the druses are formed of crystals of quartz. Upon and in these sides or walls, rest black-blende, arsenic-pyrites, lead-glance, and iron-pyrites. It appears, that the blende and the arsenic-pyrites are rather older than the others. Upon these rests brown-spar; above it we have the three species of silver-ore already mentioned, viz. brittle silver-glance, red silver-ore, and white silver-ore, with a small portion of lead-glance, and sometimes a little common iron-pyrites: of these five substances, the lead-glance appears to be the oldest, and the three ores of silver appear to be of cotemporaneous formation. These ores of silver are sometimes covered by small crystals of quartz. Calcspar appears last, and is the newest fossil of the formation; it is always in the middle of the vein, and when druses occur, it always covers the other fossils that line their sides. Plumose antimony occurs but rarely in this formation, and is always in druses,—a fact which shews that it is one of the newest fossils of the formation. Werner is of opinion, that it was contained in the same solution with the five silver ores, but was precipitated last.


  Although the minerals that compose this formation almost always occur together, and in the same veins, it sometimes happens, that the black-blende, arsenic-pyrites, lead glance, and iron-pyrites 250 occur with only quartz and a little brown-spar; in other instances, on the contrary, it is brittle silver-glance, red silver-ore, white silver-ore, and lead-glance, that occur along with quartz and brown-spar; and when these last-mentioned minerals are in the same vein with the first, they almost always occupy the upper part. It thus appears, that this formation may be divided into two others, of which the one, that which contains the silver ores, is decidedly the newest. But as these two formations occur almost always united in the same vein, Werner, for the present, considers them but as one. If we would separate them, we might denominate the first, a depot or formation of lead, rich in silver; and the second, a depot of red and white silver-ore. The brown-spar of this latter formation has generally a flesh-red, and sometimes a rose-red colour; when crystallized, it is in small lenses. It is very characteristic for this formation.


  These two formations appear to differ very little in age; they are older than any of the following formations, but newer than that described in the preceding paragraph, which is the oldest that occurs in the district of Freyberg.


  The veins of this depot are from two to ten inches wide, and traverse gneiss.


  3d Depot.—The Depot of Lead-glance and 251 Iron-Pyrites.


  This is a depot of lead containing but little silver. It has also been worked since the earliest period of the Freyberg mines, and contains


  


  Lead-glance, which affords about an ounce of silver in the quintal.


  Much, usually common, iron-pyrites.


  Small quantity black-blende; and


  Almost always a little red iron-ochre.


  The vein-stones are


  Quartz; sometimes also


  Chlorite-earth, mixed with clay.


  The lead-glance of this formation is often in lamellar concretions.


  This depot appears to be much newer than the preceding.


  4th Depot.—Depot of Lead-glance.


  This is also a depot of lead containing but a small portion of silver. It is much newer than the preceding. Its ores are


  


  Lead-glance, containing a quarter, or at the most three quarters of an ounce of silver.


  Radiated pyrites; and


  Sometimes a little brown-blende,


  The vein-stones are


  Heavy-spar; almost every 252 subspecies.


  Yellow, blue, and white fluor-spar.


  A little quartz; and,


  Rarely, calcspar.


  


  This depot occurs generally in veins, from one foot to twelve feet wide. The veins of the Peak of Derbyshire belong to this formation.


  With the formation we have just described, another occurs, which consists of


  


  Light-grey-coloured grey copper-ore, containing much silver.


  A little copper-pyrites; and


  Small portions of small and fine granular lead-glance.


  These ores occur in


  Hornstone, passing to quartz;


  With straight lamellar or common heavy-spar.


  And little fluorspar.


  


  It occurs almost solely in the veins of the immediately preceding formation, but in particular ramifications: it appears to be nearly of the same age, yet probably somewhat older.


  5th Depot.—Depot of Native Silver, Silver-Glance, and Glance-cobalt.


  It contains


  


  Capillary, dentiform, and membranous native silver.


  Silver-glance.


  Glance-cobalt, particularly the reticulated 253 variety.


  Sometimes also


  A little grey copper-ore.


  Lead-glance, very rich in silver; and


  A very little fine granular brown-blende, and


  Fine granular sparry-ironstone.


  The vein stones are,


  Disintegrated heavy-spar, and


  Small and fine granular violet-blue fluor spar.


  6th Depot.—Depot of Native Arsenic, and Red Silver Ore.


  It contains the following ores:


  


  Principally native arsenic, and light-red silver ore.


  Sometimes also, a little red orpiment.


  Less frequently, a little copper-nickel, and


  Glance-cobalt; also


  A little native silver, lead-glance, iron-pyrites, and sparry-ironstone.


  The vein-stones are,


  Straight lamellar heavy-spar.


  Green Fluor-spar, and


  Calcspar, and


  A little Brown-spar.


  This sixth formation, as also the 5th, are decidedly posterior to the 4th; for they occur only in the intersections, or in the middle of the veins of the 4th formation, but they always occur separately. 254 Werner has not ascertained, with perfect accuracy, which of the two is the newest. He suspects that it is the last ore, or that composed of native arsenic and red silver-ore; because he observed both of them together in mines in the Saxon Obergebirge; and there the red silver-ore covered the cobalt-glance.


  7th Depot.—Depot of Red Ironstone.


  It contains


  Ochry red ironstone and red hematite.


  Also a little iron glance, with


  Quartz, and


  Heavy-spar.


  


  It usually occurs in the superior part of veins, and is very new.


  8th Depot.—Depot of Copper.


  It consists of


  Copper-pyrites.


  Copper-green.


  Malachite, and


  Red and brown iron-ochre, with


  A little quartz, and fluor-spar.


  


  These are the most accurately ascertained metalliferous depots of the district of Freyberg. Others are mentioned by Werner in his Treatise, to which I beg leave to refer.


  2.


  Stockwerk.


  A Stockwerk, is a mountain-mass of greater 255 or less extent, traversed in all directions by a very great number of small veins.


  In Saxony there are three very striking appearances of this kind: At Seifen, Altenberg, and Geyer,


  3.


  Erect-Mass.


  Stehende-Stock.—Werner.


  An erect-mass, is a globular or wedge-shaped mass, which is nearly perpendicular; and traverses the direction of the strata of the mountain in which it occurs. This definition distinguishes it from Lying-masses and Veins, and shews that it is of posterior origin to the rock in which it occurs.


  Mineral repositories of this kind occur at Facebai in Transilvania, and Joachimsthal in Bohemia. The erect-masses in Transilvania are composed of horizontal layers of sand and sandstone, and in these considerable positions of auriferous pyrites are found. The erect-mass at Joachimsthal is composed of wacke, and in the wacke there occur great branches and trunks of trees, and fragments of granite, gneiss, porphyry, &c. It is from 40 to 50 fathoms wide at the surface, and at the depth of 150 fathoms, is 10 fathoms 256 wide, thus gradually decreasing in width as it approaches its bottom.


  4.


  Putzenwerk.—Werner.


  When mountains contain numerous irregular shaped hollows, which are sometimes empty, sometimes incrusted or completely filled with mineral substances, such an appearance is denominated a putzenwerk. These hollows are generally lined or filled with metalliferous substances, and usually occur in limestone. Thus the putzenwerks in the Hartz are situated in limestone, and are filled with ironstone; those in Siberia are sometimes filled with calc-sinter, and sometimes with argentiferous lead-glance.


  


  We shall conclude this geognostic sketch by a short account of the relative age of metals.


  CHAP. XII.


  relative age of metals.


  *


  1. Molybdena appears to be the oldest of all the metals. It occurs imbedded, in six-sided tables, in granite of the oldest formation, in the 257 mountains of Silesia, those of Sweden, and it is said also in the primitive granite of Cruachan in this country. It also occurs, along with tinstone, wolfram and tungsten, in the Saxon and Bohemian tin formation. That formation lies in granite, which, from its characters, appears to belong to the newest granite formation. This metal is also found in the famous iron-mines of Norway; but we know so little of the geognostic relations of the rocks in these districts, that we cannot as yet determine with any certainty the exact date of the molybdena they contain. In Glenelg, I observed very small portions of it imbedded in chlorite-slate. Combined with oxygen, it occurs in small quantity in the form of molybdat of lead (yellow lead-ore), in the oldest flœtz-limestone.


  


  2. Menachine, the Titanium of chemists. This metal appears to be next in age to molybdena, because one of its species, Rutile, occurs in those drusy cavities which are not unfrequent in granite mountains of the highest antiquity, lying in or upon the rock-crystal, adularia, and foliated chlorite, with which these cavities are lined. The same species occurs also imbedded in mica-slate and sienite. Dr Reuss, the Bohemian mineralogist, affirms that he observed it in the newest flœtz-trap formation, imbedded in basalt; and this observation is strengthened by the discovery of Mr Gregor, who found menachine to be a constituent 258 part of basalt.


  


  We shall now mention particularly the age of the different species of the Menachine genus.


  a. Rutile is found in Hungary, Switzerland, and Russia. The Hungarian varieties are usually imbedded in mica-slate; the Russian are generally accompanied with or included in rock-crystal, and those found at St Gothard are accompanied with rock-crystal, felspar, and other fossils.


  b. Octahedrite, another species of menachine, occurs in very old veins that traverse gneiss and mica-slate. These veins are composed of felspar, axinite, iron-mica, rock-crystal, chlorite, and sometimes mica. It has been hitherto found only in Dauphiny.


  c. Rutilite.—The late Dr Mitchell, in his excellent Memoir on Menachine, in the last volume of the Irish Transactions, has the following account of the geognostic situation of rutilite: "In the mountains of Passau, this fossil is found imbedded in a coarse granular aggregate of felspar and hornblende, and felspar and actynolite; therefore belonging to the genus Greenstone, and order of Primitive Trap. In Norway it occurs in rocks belonging to the same formation in which the celebrated beds of magnetic ironstone lie, and is associated with hornblende, and several other individuals of a tribe not as yet sufficiently examined and described, but which evidently constitute middle links between actynolite and hornblende, and to which the 259 names Acanticone and Arendalite have been applied. Near Dresden and Brun, it is found dispersed through sienite, and at Galway, in Ireland, in an uncommonly beautiful porphyritic sienite. Hence it appears that this fossil has only occurred in rocks belonging to primitive trap, or in sienite, the last crystallization which took place within the primitive period, and must therefore be considered as a later production than rutile. Here a consideration of the laws of crystallization countenances the observations on the order in which primitive rocks follow one another. The rutile, consisting of few and simple elements, of cotemporary origin with a granite, in which rock-crystal occupies the place of quartz, and adularia that of common felspar, sufficiently bespeaks a period, when the solution, being purer and more tranquil, furnished an earlier and purer crop of crystals; while the confused and irregular crystallization of primitive trap and sienite, together with the greater impurity of the felspar, and very compounded nature of the hornblende and rutilite, indicate an inferior purity of the solution, and consequently later precipitation of the crystallized mass."


  d. Nigrine.—This species has been hitherto found only at Ohlapian in Transylvania, in alluvial hills, consisting of yellow sand, intermixed with fragments and boulders of granite, gneiss, and mica-slate, and from which gold is obtained by washing. This gold is the purest found in 260 Transylvania; a circumstance sufficiently indicating, that it belongs to a different, and consequently earlier formation, than the usual Transylvanian native gold, which occurs there in clay-porphyry, greywacke, and grey-wacke slate, and belongs to the brass-yellow variety, from the considerable alloy of silver which it contains. In these stream-works the nigrine is obtained at the same time with the gold, and comes to us intermixed with grains of rutile, precious garnet, kyanite, and common sand; which renders it extremely probable, as Dr Mitchell remarks, that this fossil, also, is a native of primitive mountains.[38]


  e. Iserine.—Hitherto this fossil has been found only in the high Riesen mountains, which separate Silesia from Bohemia, near the origin of the Ifer, dispersed through the granitic sand which forms the bed of that river. To what order of rocks it owes its origin, is uncertain; but its near affinity to iron-sand, which is exclusively an inmate of the newest flœtz-trap formation; and the certainty that this formation was formerly superstratifed, at a great elevation, on the Riesen mountains, (as the remains which form the Buchberg, and occupy the Schneegruben, sufficiently testify), renders it highly probable, that this fossil also may belong to that formation; and consequently dates its origin from a much more recent period than 261 the foregoing species of this genus.[39]


  


  3. Tin.—This metal appears to be next in age to menachine. It is sometimes of nearly cotemporaneous origin with old primitive rocks. Thus it occurs in very old veins, that traverse granite, gneiss, mica-slate, and clay-slate. These veins contain, besides tin-stone, also wolfram, tungsten, molybdena, iron-glance, arsenic-pyrites, copper-pyrites, topaz, quartz, mica, chlorite, apatite, fluorspar, steatite, and lithomarge. The veins that traverse clay-slate are accompanied with schorl, and appear to belong to a different formation from those veins that occur in mica-slate, gneiss, or granite.


  It occurs also disseminated through granite, and in beds that alternate with strata of granite. This granite, however, appears to belong to the newest formation.


  


  4. Scheele.—The two ores of this metal, viz. Wolfram and Tungsten, are of equal antiquity with tin. Wolfram occurs almost always in veins in primitive mountains, along with tinstone; and sometimes, although rarely, in veins in transition mountains. It appears in all the tinstone formations, excepting that which contains schorl. In these situations, it is found in England, Saxony, Bohemia, and probably also France. In the Hartz, it occurs without tin-stone, in great veins, that traverse grey-wacke; constituting, 262 however, but a small portion of these veins. It never occurs in newer rocks; and the instance we have just mentioned, of it occurring in grey-wacke, is only an exception to the rule, that wolfram is a very old formation of the primitive period.


  Tungsten, the other ore of Scheele, occurs only in primitive mountains, and in different tin formations. This is the case at least in Saxony, where it is found in most considerable quantity. The geognostic situation of that found in Sweden is unknown. Like Wolfram, it does not occur in that particular tin formation which is accompanied with schorl.


  


  5. Cerium.—This metal occurs imbedded in wolfram; hence is of equal antiquity.


  


  6. Tantalum.—This appears also to be a very old metal. It is nearly allied to tin. Its geognostic situation has not hitherto been ascertained with perfect accuracy. It would appear to occur in felspar-veins that traverse old mica-slate; hence it is to be considered as of cotemporaneous formation with it. One species, the Tantalite, occurs in the parish of Kimito in Finland; the other, the Yttertantalite, at Ytterby in Sweden. We may remark, however, that the geognostic situation of the Yttertantalite is not well known; the geognostic situation just mentioned is that of the Tantalite.


  


  7. Uran.—This metal occurs only in 263 primitive mountains. Pitch-ore, uran-ochre, and uran-mica, occur together in veins of a pretty old formation that traverse gneiss; but uran-mica occurs principally in ironstone-veins that traverse granite and other primitive rocks.


  


  8. Chrome.—Needle-ore and Chrome-ochre are the only ores of this metal hitherto described. These occur imbedded in common quartz, accompanied with lead-glance, different ores of copper, and traces of native gold, all intimately aggregated together. Hence it is probable, that these ores occur in a bed in primitive rocks. Chrome, however, colours several fossils, whose relative age is better known. Thus it gives the beautiful green colour to the emerald of Peru, which occurs in clay-slate; the deep blood red colour to the pyrope, an inmate of the second serpentine formation, and wacke; the beautiful series of red colours to the oriental ruby, which is conjectured to occur in the newest flœtz-trap formation, and probably in certain primitive rocks; the aurora-red colour to the red-lead of Siberia, whose geognostic situation, however, is but imperfectly known; and, lastly, the green colour to serpentine, and the red colour to spinelle [40].


  


  9. Bismuth.—This metal occurs in veins 264 that traverse gneiss and mica-slate, and is accompanied with cobalt and silver ores.


  * *


  10. a. Native arsenic,—occurs almost always in primitive mountains, and most frequently in veins, excepting a small portion that appears in beds in the Bannat of Temeswar.


  b. Arsenic-pyrites,—which is a combination of arsenic, iron and sulphur, occurs in beds in mica-slate at Reichenstein in Silesia; and in a similar repository in the newer granite of Zinnwald. It occurs also in veins that traverse gneiss; as in the vicinity of Freyberg, in the electorate of Saxony, where it is highly characteristic for certain metalliferous formations; in veins that traverse clay-slate, as in the Saxon Erzgebirge, and in veins that traverse greywacke in the Hartz. It is even sometimes disseminated through the newer porphyry and serpentine.


  c. Yellow orpiment—seems to occur only in flœtz-rocks; whereas red orpiment appears to be confined principally to primitive rocks.


  d. Pharmacolite, or arsenic-bloom, (Arseniate of Lime of chemists), occurs in veins that traverse granite in Fürstenberg; gneiss and mica-slate in Saxony, and grey-wacke in other countries. In Hungary, it occurs along with yellow orpiment; hence it is there probably of newer formation.


  


  11. Cobalt.—Cobalt-glance is the oldest species 265 of cobalt-ore. It occurs, in beds, in mica-slate, and does not appear in any of the newer rocks.[41]


  b. Grey Cobalt ore occurs in veins that traverse granite, gneiss, and clay slate.


  c. White Cobalt-ore occurs more frequently than any other species of the cobalt family, and also in a greater variety of geognostic relations. It occurs in beds and veins; of the latter, two formations are known; one that occurs in primitive, the other in flœtz mountains. It occurs also in considerable quantity in transition-mountains. The veins in primitive mountains, traverse granite, gneiss, mica-slate, and clay-slate. The newer formation occurs in veins that traverse the oldest flœtz-limestone.


  


  12. Nickel.—This metal occurs both in primitive and flœtz mountains, and also in small portions in transition-mountains. In primitive mountains, it is accompanied with silver-ores; in transition-mountains, with lead-ores; and in flœtz-mountains, with copper-ores. In all these classes 266 of rocks, it occurs in veins.


  


  13. Silver.—This metal occurs in primitive, transition and flœtz mountains; but it would appear, that the greatest variety and quantity of native silver, and true ores of silver, occurs in primitive mountains. We shall, as illustrative of the age of this important metal, mention that of native silver, and several of the most important ores.


  a. Native Silver.—It occurs, with the exception of slight traces in the well-known corn-ears of Hessia, in flœtz-mountains, always in veins that traverse primitive and transition mountains. It appears in veins that traverse granite in Suabia, and sometimes in Saxony; in veins that traverse gneiss and mica-slate in Saxony, Bohemia, and Norway; in veins that traverse clay-slate in Saxony and Bohemia; and, lastly, in veins that traverse porphyry and sienite, in Saxony and Hungary. The age of the rock, however, does not always correspond to that of the venigenous formation; thus, the veins in the granite of Fürstenberg are newer than those in some of the varieties of Saxon gneiss. It occurs in very inconsiderable quantity in transition-mountains.


  b. Antimonial Silver.—It occurs only in veins. In Wirtemberg, these veins traverse granite, and in the Hartz, grey-wacke; nevertheless, these formations do not differ much from each other.


  c. Corneous Silver-ore, Muriat of Silver of 267 chemists.—This remarkable ore of silver occurs always in silver veins, but only in their upper part, and in such a position in regard to its accompanying minerals as shews that it is always the newest fossil of the vein in which it appears. These veins traverse granite, gneiss, mica-slate, and clay-slate[42]. It occurs only, in quantity, in Mexico and Peru: small portions have been observed in Saxony, Cornwall, Siberia, and other countries.[43]


  d. Silver-glance.—This is one of the most common and abundant of the silver-ores, and there are but few silver formations in which it does not occur in greater or less quantity. It occurs however, only in primitive mountains, and always in veins that principally traverse gneiss, mica-slate, and clay-slate, more seldom porphyry, and still more rarely granite.


  e. Red Silver-ore—This beautiful ore occurs in veins that traverse gneiss, porphyry, and greywacke.


  f. White Silver-ore.—It occurs in veins 268 that traverse gneiss, and it continues to the greatest depths in these veins.


  g. Black Silver-ore.—It occurs in veins that traverse gneiss, porphyry, sienite, and grey-wacke.


  General remarks.—The ores of silver are in general accompanied with calcspar and heavy-spar; and from the preceding details, appear to occur principally in veins that traverse primitive and transition mountains[44]. The greatest portion of the silver of commerce, however, is obtained from argentiferous lead-glance, an ore that occurs more abundantly in the flœtz than the primitive mountains; hence it is somewhat doubtful, whether or not silver may not be considered as a newer metal than its ores seem to intimate.


  


  14. Copper.—This metal is more widely distributed, and occurs in a greater variety of formations, than any of the preceding. Thus, it occurs in small quantities in a native state, disseminated through the granite of Cornwall. The granite of that country, however appears to me, from the observations of Professor Playfair, to belong to the newest formation; hence this native copper can not be considered as reaching to the oldest 269 rock of the primitive class. The great quantities of native copper found in the mines on the eastern side of the Uralian mountains, and the masses in Brazil and Canada, originate from mica-slate, or more particularly from granular limestone that occurs in mica slate; hence, if my conjecture respecting the granite of Cornwall be correct, these masses are of an older formation than the copper found in that granite. It occurs also in veins that traverse gneiss, mica-slate, clay-slate, and grey-wacke; and small portions have been noticed in serpentine-porphyry, and rocks belonging to the newest flœtz-trap formation.


  a. Variegated Copper-ore, which is copper combined with sulphur and oxygen, occurs, in beds, in mica-slate at Rudolstadt in Silesia, Dognatska and Saska in the Bannat of Temeswar, and Röraas in Norway. It has also been observed in veins traversing gneiss, mica-slate, grey-wacke, and bituminous marl-slate.


  b. Copper-Pyrites.—It occurs in all the great classes of rocks, and sometimes in veins, sometimes in beds; which latter are often of great thickness. The oldest formation of copper-pyrites, and indeed of copper in general, is that which occurs in beds in gneiss. It occurs also in beds in mica-slate, clay-slate, transition-rocks, and the oldest flœtz-limestone. Very small portions of this ore appear in still newer formations: it occurs also in veins in primitive, transition, and old floetz-rocks, but is far more 270 abundant in primitive than any of the other classes of rocks. As it is the principal ore of copper, it follows, that what we have stated respecting its age, is perfectly expressive of the age of copper in general.


  * * *


  15. Gold.—Gold-yellow native gold occurs in masses, or in the form of sand, in the beds of many rivers. It would appear, that this alluvial gold is not derived from beds or veins, but from rocks through which it has been disseminated. We have no certain information respecting the geognostic situation of the Peruvian gold; but we have much to expect from Humboldt on this curious and important subject. The age and geognostic relations of the gold-sand of Guinea and Brazil are equally unknown. If the views published by the Portuguese mineralogist Dandrada be correct, it is probable, says Karsten, that the gold of Brazil will be found to occur in a sandstone somewhat older than the independent coal-formation.[45]


  Brass-yellow native gold is confined to the newer porphyry and grey-wacke, where it occurs in veins, as is the case in Hungary and Transilvania. It is said also to occur in sandstone and 271 bituminous wood. Veins of gold also occur in the Uralian. mountains; and these appear to occur in old flœtz-limestone.


  


  16. Sylvan, Tellurium of chemists.—This metal occurs along with brass-yellow native gold in the newer porphyry, and has been hitherto found only in Transilvania.


  


  17. Antimony.—This metal is found in all the Hungarian and Transilvanian gold mines, and hence it occurs in newer porphyry and greywacke. The oldest formation occurs in beds with iron-pyrites and quartz at Schmölnitz in Hungary, and appears to be cotemporaneous with that found with green garnets in Norway. It occurs in veins that traverse grey-wacke in the county of Dumfries.


  


  18. Manganese.—This metal occurs in veins in old primitive rocks, but most abundantly in numerous small veins that traverse the newer porphyry, and in veins that traverse grey-wacke. According to the late observations of Karsten, it occurs, along with beds of ironstone, in the period of the first flœtz-limestone. It probably also occurs in formations of a later date.


  * * * *


  19. Lead.—This metal occurs in the state 272 of lead-glance, in beds, in primitive mountains in the Bannat of Temeswar, but the quantity is so inconsiderable as not to entitle us to infer from this the high antiquity of lead. The beautiful crystallizations of white, green, yellow, and red lead ores, are also insufficient for enabling us to ascertain this important point. It is lead-glance, the combination of lead and sulphur, that affords the clew for determining the age of lead. That ore, as we have already mentioned, occurs in inconsiderable beds in the primitive mountains in the Bannat of Temeswar; in more considerable beds in the transition mountains of the Hartz; but the greatest accumulation appears to be in beds in the oldest flœtz-limestone. Thus, the extensive mines of Tarnowitz, between the Oder and the Vistula, in Upper Silesia, contain great beds of lead-glance in the oldest flœtz-limestone. In Carinthia there is another great deposition of the same kind; and at Zimapan, in New Spain, great beds of lead-glance also occur in the same limestone formation.


  


  20. Zinc.—This metal almost invariably accompanies lead, and either in the form of blende or calamine. The lead-glance veins in primitive and transition mountains are always accompanied with Blende; but the greatest quantity of this metal occurs in the 273 state of Calamine, in great beds in the second flœtz-limestone, where it is also accompanied with lead-glance[46]. These beds of calamine occur in England, and extend through a considerable portion of Poland, Silesia, Westphalia, and the Netherlands.


  


  21. Mercury.—This metal, in the form of cinnabar, occurs in beds and veins in primitive mountains, but in inconsiderable quantity; it is in the floetz or newer rocks that it appears in abundance. In primitive mountains the beds lie in chlorite-slate, and the veins traverse rocks of the same kind: in flœtz-rocks the beds are accompanied with slate-clay and sandstone, and probably belong to the coal formation. The great mercury mines of Idria, that yield yearly upwards of sixty tons of mercury, are situated in this newer formation.


  * * * * *


  We have still two metals to consider, viz. Iron and Platina,


  


  22. Iron.—It is the most universally distributed 274 of all the metals. It forms a constituent part of the oldest granite. The Kasanar in Siberia, and the magnetic rocks near Dannemora in Sweden, prove that iron exists in great quantities even in the older primitive rocks. Combined with sulphur, as iron-pyrites, it occurs, in great beds, in gneiss? mica-slate, and hornblende-slate. Other iron-ores occur abundantly in transition rocks. The flœtz-rocks are also very abundant in iron; thus, the first or oldest flœtz-limestone contains great depositions of brown ironstone, as is the case at Sommo Rostro in Biscay, Huttenberg in Carinthia, and Tarnowitz in Upper Silesia. The same formation also includes a vast mass of sparry ironstone in Stiria, which has been worked to an immense extent, and with great profit, for 1200 years. The independent coal formation, which is supposed to be newer than flœtz-limestone, contains great accumulations of clay-ironstone. Clay-ironstone, and iron-sand, occur in the newest flœtz-trap formation; and, lastly, great depositions of bog iron-ore appear in the newest of all the classes of rocks, the Alluvial.


  


  23. Platina.—This metal occurs only in grains along with gold and iron-sand, in the alluvial soil of the valleys in South America. Humboldt found a mass of platina, the size of a pigeon's egg, in the alluvial soil of the valley of Choco in South America, 275 along with rolled pieces of porphyry-slate[47].


  


  The preceding details teach us,


  


  1st, That metals differ very much as to the period of their formation.


  2d, That the variety and quantity of metalliferous substances decrease in general from the primitive to the alluvial period of the earth's formation.


  3d, That molybdena, menachine, tin, scheele, cerium, tantalum, uran, chrome, and bismuth, are metals of the oldest primitive formation, and that only feeble traces of them are to be observed in newer periods.


  4th, That although arsenic, cobalt, nickel, silver, and copper, occur in old primitive mountains, they also extend to newer mountains.


  5th, That gold, sylvan, antimony, and manganese, metals of a middle age, occurring in the newer primitive, the transition, and the oldest flœtz-rocks.


  6th, That lead, zinc, and mercury, are of a very late date, when compared with those metals we have already mentioned, because they occur in greatest quantity in the newer or flœtz formations.


  7th, That iron is found in every rock, from the 276 oldest granite to the newest alluvial deposite; hence is universally distributed, and is therefore a production of every period.


  8th, That the more crystalline ores abound in the primitive mountains, but continue decreasing in quantity and variety from the primitive rocks to the newest alluvial deposits.


  TABLE


  of the


  Relative Antiquity and Geognostic Relations


  of


  SIMPLE MINERALS.

  


  The following Table affords an interesting view of 277 the present state of our knowledge of the relative antiquity and geognostic relations of many Simple Minerals. The important inferences to be drawn from the facts it contains, are evidences of the great value and importance of this branch of mineralogy, and should stimulate us to a zealous study of geognosy, that we may be enabled to investigate and describe these mineralogical relations.


  The facts contained in the table, are extracted from the writings of the most accurate mineralogists, or are the result of my own experience.


  The only table of this kind hitherto published, is that by my learned and acute friend Dr Thomson, in the valuable Sketch of the Wernerian Geognosy, inserted in his admirable System of Chemistry.

  


  The following is an explanation of the abbreviations 278 employed in the Table:


  


  A.p. Angular pieces.


  B. Intimates that the mineral forms the whole or the principal portion of the Bed in which it occurs.


  B†. Intimates that the mineral forms but a portion of the bed in which it is contained.


  Bs. Intimates that the mineral occurs in balls, imbedded in the rock. These balls are in general of cotemporaneous formation with the rock in which they occur.


  Cot. V. Cotemporaneous veins.


  C. Cavities.


  Cr. Crusts.


  Ct. Constituent part.


  D. Disseminated.


  Dr. Druses, but the kind of repository in which they occur, unknown.


  Dr. in B. Druses in beds.


  Dr. in V. Druses in veins.


  Im. or I. Imbedded.


  I. in Nr. Gr. Imbedded in newer granite.


  K. Kidneys, or reniform-shaped masses.


  L. Loose.


  L.M. Lying-masses.


  M. Masses.


  P.B. Porphyry beds.


  P.W. Putzenwerks.


  S. Superimposed.


  T. Tuberose-shaped masses.


  V. Veins.


  V.C. Vesicular cavities. The minerals contained 279 in these cavities are of posterior origin to the rock in which they are contained.


  + Intimates that the general relative antiquity is known, but not the kind of repository.


  * Intimates that the mineral forms an accidental mixed part of the rock in which it is contained.


  


  The word Scotland, placed at the bottom of the columns, intimates that the fossil is found in Scotland.


  


  Remark.—The geognostic relations of the different Simple Mountain Rocks are omitted in the table, because they are fully detailed in the preceding pages.
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  TABLE


  of the


  HEIGHTS


  of


  MOUNTAINS, HILLS, AND LAKES.

  


  Mountains and Lakes of Europe.


  Scotland.


  County of Mid-Lothian[48].


  
    English Feet above

    the level of the Sea.

  


  Logan-House Hill, one of the highest 313 of the Pentlands, 1700


  Caernethan, one of the Pentlands, 1700


  Kirk-Yetton, one of the Pentlands, 1544


  Castle-Law, 314 1390


  Spittal-Law, 1360


  Arthur-Seat, vicinity of Edinburgh, 810


  Braid-Hills, 690


  Dalmahoy-Hill, 680


  Salisbury Craigs, 550


  Craiglockart-Hill, 540


  Corstorphine Hill, 470


  Craigmillar, 360


  Calton-Hill, vicinity of Edinburgh, 350


  East-Lothian.


  Traprain-Law, 700


  Bass Rock, 400


  West-Lothian[49].


  Cairn-Naple, 980


  Cocklereu, 980


  Hillhouse-Hill, 698


  Binny Craig, 680


  Ardgath-Hill, 540


  Berwickshire.


  Dunse-Law, 630


  Selkirkshire.


  Black-House Heights, 2370


  Hanginshaw, 315 1980


  Ward Law, 1900


  Peat Law, 1694


  Meagle, 1480


  Roxburghshire.


  Cheviot Hills, 2682


  Millenwood Fell, 2000


  Windhead Hill, 2000


  Tudhope, 1830


  Wisp Hill, 1830


  Ruber's Law, 1419


  Eilden Hills,—the most westerly, and highest, 1300


  Dunian's Hill, 1024


  Minto Hill, 858


  Peebleshire.


  Dollarburn, by estimation, 2840


  Broad Law, 2800


  Glumseugh, 2200


  Hillseleugh, 2100


  Dundroigh, or Druid's Hill, 2100


  Minchmoor Hill, 2000


  Carden Hill, 1400


  Lanarkshire.


  Tinto Hill, 1720. According to others, 2432


  The Mine-master's house at Leadhills, 316 which is the highest inhabited place in Great Britain, 1564


  Westraw, 1000


  Town of Lanark, 660


  Dumfriesshire.


  Hartfell, 3304[50]


  Black Larg, next Ayrshire, 2890


  Lowther Hill, 2522


  Ettrick Pen, in Eskdale Muir, 2220


  Queensberry Hill, 2140


  Cairn-Kinnow, near Drumlanrig, 2080


  Tennis Hill, in Tarres, 1346


  Langholm Hill, 1204


  Erickstæne Braehead, 1118


  Ford of the Clyde, above Elvan Foot, 1058


  Constitution-Hill, near Moffat, 1004


  Burnswark Hill, 740


  Moffat, 582


  Repentance Tower, 350


  Ward Law, 326


  Annan Hill, 256


  Wigton and 317 Kirkcudbright.


  Criffle, 1895


  Cairnsmuir, 1737


  Ben Cairn, 1200


  Cairn-harrah, 1100


  Cairn-pat, 800


  Ayrshire.


  Carleton Hill, 1554


  Craig of Ailsa, 940?


  Island of Arran.


  Goatfield, 2945


  Renfrewshire.


  Misty-Law, 1240


  Nielston Craig, 820


  Stirlingshire.


  Ben-Lomond, 3262


  Wood Hill, 1620


  Campsie Hills, 1500


  Clackmananshire.


  Ben Cleugh,—is the highest summit of the Ochils, 2420?


  Fifeshire.


  Lomond Hills, 1650


  Perthshire. 318


  Ben Lawers, 4051 or 4015


  Ben More, 3870 or 3903


  Beinn-Gloe, 3724


  Bein-Deirg, or the Red Mountain, 3550


  Ben Voirlich, 3300


  Schihallien, 3281 or 3564


  Ben Ledi, 3009


  Benivenou, 3000


  Ben Chochan, 3000


  Ben Chonzie, 2922


  Benachally, 1800


  Birnam Hill, 1580


  King's Seat, 1238


  Kinpurnie, 1151


  Dunsinnan Hill, 1024


  Belmont Hill, 759


  Barry Hill, 400


  Argyleshire.


  Cruachan, 3390 or 3300


  Bedinam-braw, in Glencoe, 3150


  Beinn-an-oir,—highest Pap of Jura, 2470


  Beinn-a-chaolois,—the most southern of the Paps of Jura, rises above the Sound of Isla, 2359


  Angus, 319 or Forfar.


  Cat Law, 2264.


  Dunnichen Hill, 720


  Mearns, or Kincardineshire.


  Mount Battock, 3450


  Kloachnabane, 2370


  Kerlavick, 1890


  Aberdeenshire.


  Scairsoch, 3400


  Gariach, 3000


  Mulbrax Hill, 2700


  Peter Hill, 2700


  Buck Hill, 2377


  Cairn Ferg, 2100


  Fare Hill, 1793


  Cairn-Monearn, 1020


  Benachie, 1000


  Mormond Hill, 810


  Banffshire.


  Knock-Hill, 2500


  Lochavon Hill, 1750


  Invernessshire.


  Ben-Nevis,—the highest mountain in Great Britain, 4380 or 4350


  Cairngorum, 320 4050


  Meal-Fourvouny, 3070


  Craig-Phatrick, 1150


  Rossshire.


  Ben-Wevis, 3720


  Sutherlandshire.


  Beinmore, Assynt 3903


  Caithnessshire.


  Paps of Caithness, 1929


  Ord of Caithness, 1250


  England and Wales.


  Snowden, Caernarvonshire, 3568


  Cader-Idris, Merionethshire, 3550


  Cross Fell, Cumberland, 3390


  Helvylln, Cumberland, 3324


  Saddleback, Cumberland, 3050


  Wharnside, Yorkshire, 2480


  Ingleborough, ditto, 2380


  Moel-Elian, Caernarvonshire, 2371


  Rippon Tor, Devonshire, 1540


  Wever Hills, Staffordshire, 1500


  Penmaen-Mawr, Caernarvonshire, 1400


  Wrekin, Shropshire, 1400


  Malvern Hills, in Herefordshire, above the plain, 1260


  Ax-Egde Peak, above the town of Derby, 1200


  Ireland


  Macgillicuddys' Reeks,—county 321 of Kerry, the highest mountain in Ireland, 3404


  Sliebh-Dorin—county of Londonderry, 3150


  Knock-Mele-Down, mountains dividing Cork and Tipperary from Water-ford, 2700


  Croagh-Patrick,—county of Mayo, 2666


  Nephin—county Mayo, 2640


  Mangerton,—county Kerry,—above the Lake of Killarney, 2505


  Mourne Hills,—county Down, 2500


  Commeragh-Ridge,—county Waterford, 2160


  Croaghan-Kinshelly,—barony Arklow, 1850


  Sawell,—county Londonderry, 1600


  Slenish Mountain,—county Antrim, 1390


  Benbradagh,—county Londonderry, 1300


  Alt-Eglish-Hill,—county Londonderry, 1300


  Benyevenach,—Londonderry, 1250


  Sliebh-Gallan,—1250


  Donald's Hill,—1200


  Kedy, 1100


  Croneban,—county Wicklow, 1000


  Croaghmore,—county Antrim, 600


  Isle of Mann.


  Snafel,—centre of the island, 1740


  Iceland. 322


  Snæfial, 6860


  Hecla, 4900


  Thyril, 1800


  Torfa, 1400


  Norway.


  Swicku,—according to Retzius, 6658


  According to Bergman, only 4377


  Chain of Dofra-Fial, 3600


  Hornalen,—province of Bergen, 3000


  Chain of Lang-Fiall, 2200


  Siken Ulrich,—province Bergen, 1600


  Flœy-feldt,—province Bergen, 1500


  Sweden.


  Areskutan,—Jemptland, 6180


  Rættvik, 6000


  Sylfiællen, 4020


  Hunne,—West Gothland, 716


  Taberg,—West Gothland, 420


  Hanover.


  Brocken,—highest mountain in Hanover, 3690


  Heinrichshöhe, 3296


  Bruchberg, 2800


  Bohemia.


  Ochsenkopf,—highest summit of the 323 Fichtelgebirge, 3980


  The highest summit of the Erigebirge, the chain that separates Bohemia from Saxony, is 3781


  Donnersberg or Milleschau,—the highest summit of the Mittlegebirge, 2562


  Thuringia.


  Schneekopf,—according to Von Zach, in French feet, 3275


  Silesia.


  Schneekopf,—the highest summit of the Riesengebirge, 4950


  Great Wheel, or Grosse Rader, 4972


  Tafelfichte,—Riesengebirge, 3781


  Zobtenberg, 2885


  Switzerland.


  Mont Blanc,—highest mountain in Europe, 15,680


  Mont Rosa, 15,555


  Jungfrauhorn, 13,730


  Ridge of the Furca, 13,100


  Nager-horn, 12,217


  Monch-horn, 11,604


  Buet, 10,111


  St Gothard, (French feet) 10,014


  Hospice of the Great 324 St Bernard,—the highest inhabited ground in Europe, 8040


  Hospice of the Little St Bernard, 7200


  The Hospice of St Gothard, 6817


  Passage of Mount Cenis, 6778


  Tyrol.


  Ortler-Spitze,—the third highest mountain in Europe, 15,430


  Great Glockner,—in Paris feet, 11,982


  Hohenwartshöhe,—Par. feet, 10,393


  Roth Horn, 9640


  Salmshöhe,—Par. feet, 8361


  Brenner Mountain, 5109


  Saltzburg.


  Ostelle, 12,800


  Watzman, 9600


  Rathausberg, 8800


  Stiria.


  Highest summit of the Wechsels,—Par. feet, 5352


  Sattel im Waidbaden,—Par. feet, 4798


  Saddel of the Prenhübel,—Par. feet, 3734


  Castle of Kaiserau, near the summit of the Lichtmessberg,—Par. feet, 3330


  Alpsteig,—Par. feet, 3297


  Austria.


  Summit of the Priel, 6565


  Summit of the Œtscher, 5990


  Summit of the 325 Kassberg, 5215


  Mittersee,—Par. feet, 3081


  Clause,—a pass on the borders of Stiria and Austria,—Par. feet, 2772


  Langgescheids,—Par. feet, 2344


  Town of Eisenerz, 2056


  Carinthia.


  Gross Kogl, 9700


  Hungary.


  Peak of Lomnitz,—the highest summit of the Carpathians, 8640


  Great Peak of Kesmark, 8508


  Gold Mine of the mountain Krivan,—probably the highest mine in Europe, 6954


  Fleisch Bank, 6168


  Turkey in Europe.


  Mount Athos,—according to Kästner, 3353


  Spain.


  Le Pic Blanc,—in the Pyrenees, 10,205


  Tornavocos,—estimated between 8000 and 9000


  Castile Mountains,—the height of the highest summits estimated at from 8000 to 9000


  Guadarrama,—estimated between 8000 and 9000


  Pic de los Reyes,—Pyrenees, 7620


  Montserrat,—in Catalonia, 3300


  Filabres, 2000


  Highest point of Gibraltar, 1439


  Portugal.


  Serra de Malhao,—province of Beira, 326 is the highest, summit of the Serra de Estrella, estimated between 5000 and 6000


  Serra de Marao,—estimated from 3000 to 4000


  Murro de Burrageiro, 3500


  France.


  Loucira,—department of the High Alps, 14,451


  Loupilon,—dep. High Alps, 14,144


  Jocelme,—dep. High Alps, 13,869


  Olan-en-Valgodmar,—dep. High Alps, 13,838


  All-Els,—Helvetic Alps, 12,194


  Mont Perdue,—the highest summit of the Pyrenees, 11,283


  Aiguille Noire de Nevache, Dauphiny,—dep. High Alps, 10,505


  Pic d'Autane,—Dauphiny or dep. of High Alps, 9702


  Canigou,—dep. of Eastern Pyrenees, 9290


  Peak of Arbizon,—dep. High Pyrenees, 8344


  Breven, 8300


  Allée Blanche,—Savoy, 7424


  Mont d'Or,—Auvergne, 6707


  Plomb de Cantal,—Auvergne, 6355


  Puy de Sansi,—Auvergne, 6700


  Mine of Pezey,—dep. High Alps, 6016


  Puy de Loucire,—Auvergne. 4900


  Puy de Cleirsou,—Auvergne, 4280


  Puy de Pariou,—Auvergne, 4265


  Puy de Sandoire,—Auvergne, 3980


  Italy . 327


  Ætna, 10,963


  Monte Cimone, 6401


  Monte St Angelo,—Lipari Islands, 5260


  Vesuvius, 3900


  Porto Fino,—Appenines, 1920


  Monte Nuovo, 1209


  Russia in Europe.


  Wolchonski Lies—by estimation, 3000 Fr. ft.


  height of european lakes above the level of the sea.


  Lake of Lausanice,—department of the Lower Alps in France, 8640


  Lower Lake, in the same mountain group, 7558


  Lake of Lauzon,—situated upon the Mountain of Olan, in the department of the High Alps, 6797


  Green Lake, or Grüne See,—in the center of the Carpathians in Hungary, 5052


  Lake of Lafrey,—dep. of Isere in France, 3040


  The Obersee,—a beautiful lake at the foot of the lofty Durrenstein, on the frontier of Stiria, 2986


  Lake of Annecy,—in Savoy, 1459


  Lake of Lucerne,—in 328 Switzerland, 1408


  Lake of Neüfschatel, 1370


  Wetter Lake,—in Sweden, 140


  Lochlomond,—Scotland, 24


  mountains of asia.


  Turkey in Asia.


  Mount Lebanon,—estimated 9520


  Mount Aararat, in Armenia,—estimated 9500


  Chain of Olympus, 6500


  Chain of Mount Ida, 4960


  Mountain of Gargara, 4960


  Mount Carmel, 2000


  Asiatic Russia.


  Italitzkoi,—Altain chain, 10,735


  Tigeretskoi,—Altain chain, 10,735


  Torgonskoi,—Altain chain, 10,700


  Katunayaiskoi,—Altain chain, 10,650


  Mountain of Awatsha,—is a volcano,—in Kamchatka, 9600


  Mountain of Sludina, 7722


  Schlangenberg, 6050


  Tagani,—Uralian range, 4912


  Dilhigalgo,—Uralian chain, 4912


  Kyria,—Uralian chain, 3015


  China.


  Petcha or Hamar,—Chinese 329 Tartary, estimated height above the Plains of China, 15,000


  Mountain of Sochondo,—Chinese Tartary, 12,800


  Me-Lin, estimated, 8000


  Mountains of Corea,—Chinese Tartary, 4480


  Tibet and Bootan.


  The highest summit of the mountains of Tibet, according to Colonel Crawford, above 25,000


  It must therefore be the greatest known height on the face of the earth.


  Soomoonang,—Bootan, 14,500


  Ghassa Mountains,—Bootan, 13,030


  Chumularee,—Tibet, 11,960


  Hindostan.


  The Ghauts, 3000


  Indian Islands.


  Mount Ophir,—island of Sumatra, 13,842


  Volcano of Sumatra, 12,465


  Egmont Mountain,—the most northern of the Islands of New Zealand, estimated height, 11,433


  Mountain of Parmesan,—in the 330 Island of Banka, one of the Sunda Islands, 10,050


  Peak of Jesso in the Island of Jesso, in the sea of Japan, 7680


  Peak of Quilpaert,—in an island of the same name in the sea of Japan, 6400


  Mountain in Behrings Isle, to the east of Kamschatka, 6000


  mountains of africa.


  Abyssinia,


  Mountains of Geesh, estimated at 15,050


  Mountains of Amid,—Amid, estimated height, 13,200


  Lamalmon, estimated, 11,200


  Mountains of Gondar, 8450


  Taranta, 7800


  Morocco.


  The highest Peak of the Atlas Chain in Morocco, estimated, 11,980


  Colony of Cape of Good Hope.


  Compass Mountain, estimated, 10,000


  Niewveldt Mountains, estimated, 10,000


  Kom, estimated height above the 331 Karoo Plains, 5000


  Khamies Mountains, 4300


  Table Mountain, 3582


  Devil's Head, 3315


  Lion's Head, 2166


  African Islands.


  Peak of Teneriffe, 12,236


  Gross Morne,—Isle of Bourbon, 9600


  Volcano of Bourbon, 7680


  Monton de Trigo,—Canary Isles, 7400


  Ridge of Entre Deux,—Isle of Bourbon, between 5120 and 6400


  Bonnet Pointu, or Mountain of Cimandef,—Isle of Bourbon, 6050


  Peak of Ruivo,—centre of the Island of Madeira, 5162


  Piter Boot,—Isle of France, 2714


  Diana's Peak, one of the highest summits in the Island of St Helena, 2692


  Mountain, Corps du Garde,—Isle of France, 2560


  mountains of america.


  South America.332


  Caracas.


  Silla de Caracas, 8432


  Tumiriquiri,—province Cumana, 6250


  Guachano,—province Cumana, 5250


  Chain of Venezuela, from 4000 to 5000


  Mountains of Bergantin, 4512


  New Granada.


  Sierra Nevada de Merida, 16,420


  Sierra Nevada de Santa Martha, 15,200


  New Andalusia.


  Volcano of Duida, 8467


  Cuanarama, 6400


  Quito.


  Chimboraço,—highest summit of the Andes, and one of the highest on the face of the earth, 20,909


  Disca Casada, 19,570


  Cayambé Ourcou, 19,392


  Volcano of Cotopaxi, 18,880


  City of Riobamba, 18,800


  Mountain of 333 Altar, 17,472


  Volcano of Sangai or Mecas, 17,152


  Volcano of Tonguragua, 16,579


  Corazon, 15,8o8


  Bayo Pongo, 15,800


  Gargaviraco, 15,680


  Guancavelica, 14,961


  Boueran, 12,652


  Cahouapata, 11,641


  Borma, 10,329


  City of Quito, 9356


  Plain of Schangilli, 8992


  Carraburu, 7846


  La Plata.


  Mountain of Potosi, 18,000?


  West Indies.


  Highest summit of the Blue Mountains in Jamaica, 7431


  Pelee,—Island of Martinique, 5100


  Morne Garou,—Island of St Vincent's, 5050


  Mount Misery,—Island of St Cristopher's, 3711


  North America.


  Mexico.


  Volcano of Popopocatepec, 16,365


  Peak of 334 Fraide, 15,129


  Peak of Cofre, 13,275


  City of Mexico, 7424


  Sierra de Tasco, 4480


  Sierra de Chilpantzingo, 3840


  United States.


  White Mountains in New Hampshire, estimated about, 7800


  Kattskill Mountains, supposed to be 3454 feet above Hudson's River.


  Killington Peak, in Vermont, 3454


  Highest point of the Apalachian Chain in Virginia, about 2700


  North-west Coast of America.


  Mount St Elias,—in Lat. 60° 27' N. 12,672


  Fair Weather Mountain,—Lat. 58° 52' N. 8970


  Mountain of Crillon,—Lat. 58° N. 5440


  Mount Edgecumbe, 1281


  The highest of the Stony Mountains in the north-western parts of America, are said to be 3500 feet above the adjacent plain, which is estimated at 2700 feet above the level of the sea.


  Old Greenland.


  Blaaserk, 6000


  TABLE


  OF


  VOLCANOES.

  


  Europe.


  1. Vesuvius, in the kingdom of 335 Naples.


  2. Ætna, in the island of Sicily.


  3. In Iceland; Hecla, Orœse, Krabla, Sidajokal, Portslandsbukt, Katlegina, Schaptangluvir, and Wezterjokkel.


  4. Stromboli, Vulcano, and Vulcanello, in the Lipari Islands.


  5. The volcano in the island of Milo, to the N. W. of the island of Santorino.


  Asia.


  1. Five volcanoes on the southern part of the peninsula of Kamchatka; and it is said that there are volcanoes at the source of the great river Yenisei.


  2. Gorante, a volcano situated on the 336 south-west part of Natolia, on the shore of the Mediterranean sea.


  3. It is said that there are two volcanoes in a state of activity, in Persia.


  Asiatic Islands.


  1. Nine volcanoes in the Kurile Islands.


  2. Ten volcanoes in the islands of Japan; of these, three are situated in the island of Nipon; three in the island of Kiu; one in the island of Kiu-Kiusma; one in the Isle de Feu; one in the Isle de Volcan, and one in the islands of Leoo-Keoo.


  3. The unfortunate Peyrouse mentions several volcanoes he observed among the Ladrone Islands.


  4. There are several volcanoes in the Manilla Islands, and of these three are particularly mentioned by travellers.


  5. There are four volcanoes in the Molucca Islands, viz. one in Ternate, one on Tola, one in Sorra, and one in Banda.


  6. Captain Bligh observed a volcano in a state of activity in the island of Flores, to the west of Timor.


  7. According to Marsden, there are five volcanoes in the island of Sumatra, and one of them at a height equal, if not superior, to that of Ætna.


  8. Two volcanoes have been observed in the island of Java.


  9. There is a volcano in the Island of 337 Ormus, in the Persian Gulf.


  African Islands.


  1. There are two volcanoes in the Azores, viz. one in Fayal, and another in Pico.


  2. Two volcanoes in the Canary Isles. Of these, one is situated in Teneriffe, and the other in Palma.


  3. The island Feugo, one of the Cape de Verde Islands, has a volcano of considerable magnitude.


  4. The Island of Ascension, situated in lat. 8° S. long. 4°, is also volcanic.


  5. There is one volcano in the island Zibbel-Teir, in the Red Sea.


  america.


  Continent of North America.


  1. Captain Cook observed a volcano in a state of activity, in lat. 61° N. long. 221°.


  2. Don Maurelle discovered a very high volcano on the west coast of America, in lat. 59° N. long. 227°; and another on the same coast, in lat. 41° N. to the north of Cape Mendocin.


  3. Captain Cook observed a volcano, at the further extremity of the peninsula of Alaska, in lat. 55° N. long. 214°.


  Five volcanoes have been observed on the peninsula of California. Of these, three are in the interior, and two upon the sea-coast.


  5. In the Spanish dominions in North 338 America, there are twenty-one volcanoes, reckoning from that of Soconusco in the north, to that of Varu in the south, and many of them are said to be in a state of activity.


  Continent of South America.


  1. In the Spanish dominions in South America, there are many volcanoes, and several of them in a state of activity. The most northern is that of Velez, in the province of New Granada, situated in lat. 6° S. long. 305°; and the most southern are those in the province of Chili, in lat. 51° long. 307°.


  Islands on the West and East Coasts of America, and in the Pacific Ocean.


  1. According to Tooke, there are volcanoes in some of the Fox Islands, viz. in Unimak, Unalashka, Umnak, Goreloi, and one on each of the neighbouring islands Kanaga and Tatavanga.


  2. Cook observed a volcano in one of Queen Charlotte's Islands, and another in one of the New Hebrides.


  3. Cook observed three volcanoes in the Friendly Islands.


  4. Two volcanoes have been observed in Fireland, at the southern extremity of South America.


  5. There are volcanoes in the islands of St Christopher, Nevis, Guadaloupe, Dominica, and St Vincent, in the West Indies.


  The number of volcanoes, as already 339 mentioned, appears to be about one hundred and ninety-three. They are distributed as follows:


  


  Continent of Europe, r


  European Islands, 12


  Continent of Asia, 8


  Asiatic Islands, 58


  African Islands, 8


  Continent of America, 87


  American Islands, 19


  NOTES.


  Note A.—(Page 1.)


  Definition of Geognosy.


  Geognosy, as already mentioned in the 343 first volume of this work, is that branch of mineralogy which makes us acquainted with the structure, relative position, and mode of formation, of the mineral masses of which the crust of the earth is composed. The term Geognosy is derived from the Greek works, the 'earth', and 'knowledge'. It has been confounded with Orology, which instructs us regarding the physiognomy of mountains; with Geogony, which is purely hypothetical, consisting of very abstract speculations regarding the original formation of the earth; also with Geology, which, however, has a more extensive signification, for the word comprehends the whole science or rationale of any subject; and therefore Geognosy is only a branch of Geology.


  Note B.—(Page 11. Paragraph 13.)


  The plains that occur in alpine countries, covered with rocks of the newest flœtz-trap formation, as in the Andes, do not, strictly speaking, belong to the Mountain Plains mentioned in this paragraph. They probably deserve a particular and separate description.


  Note C.—(Page 56.)


  Huttonian Theory.


  We may remark, that a considerable 344 degree of practical experience in observing nature, and tracing the connections of mineral formations, is required to render us capable of applying the principles of the Wernerian geognosy, and even of duly comprehending its value, as a faithful picture of the mineral kingdom. It is also certain, that, if we attempt to write mineralogical descriptions, without having previously made ourselves acquainted, not only with simple fossils and mountain-rocks, as far as they can be examined in cabinets, but with their mode of aggregation as constituting Mountain Groupes, which can be rightly understood only by studying minutely the seamed and stratified structure of rocks, the various relations of beds and veins, and the characters and connection of the different formations, as they appear in nature itself, on the great scale, we shall most unquestionably fail in communicating useful information. In such a state of ignorance, we may possibly conceive that we frequently discover marks of dislocation, contortion and confusion, which exist only in our own imagination; we may even arrive at the formidable conclusion, that the solid parts of this globe are little else than a heap of ruins. The late Dr Hutton of this place, a man of unquestionable ingenuity, but very 345 imperfectly skilled in mineralogy, inferred, from his observations, that the present world has been formed from the debris of two former worlds, inhabited by numerous tribes of animals, and clothed with a profusion of the most magnificent vegetables. According to this strange hypothesis, even gneiss, mica-slate and clay-slate are but mechanical deposites, which have been softened by the action of heat, so as to permit their being elevated, without breaking, from their supposed original horizontal position, to their present vertical one.


  It is admitted by all geognosts, except the Huttonians, that there exists a great class of rocks, denominated Primitive, which forms the oldest part of the earth, and contains no materials more ancient than itself, but is a true chemical deposition; consequently that this world cannot be considered as deriving any of its materials from one or more worlds antecedent to it. If the truth of this fact can be established, it is evident, that the Huttonian Theory, notwithstanding the powerful eloquence used in its support, must be rejected as groundless.


  As Gneiss and Mica-slate are part of this primitive series, and are considered by the Huttonians to be the oldest rocks at present known; let us inquire, if there be any evidence in favour of the supposition that they are mechanical deposites. These two rocks, like granite, have a granular structure. To this is superadded a slaty 346 structure. Hence the Huttonians infer, that these rocks must be mechanical deposites somewhat changed by the action of heat, because rocks, formed from a state of complete fusion, according to their system, cannot retain the slaty structure to any great extent. If this inference were correct, we should never find porphyry-slate, clay-slate, mica-slate, and slaty-quartz, in veins, because, according to the Huttonian Theory, all veins have been filled by the injection of fluid matter from below. It is well known, however, that all these rocks do occur in veins, which are often of immense magnitude, and issue from the most distinctly stratified rocks. These facts then demonstrate, that, although gneiss and mica-slate have a slaty structure, they are not mechanical deposites, and therefore are not composed of materials older than themselves; and consequently, that there exists a class of rocks whose origin cannot be traced to any thing antecedent.


  This point may be still more minutely illustrated by a comparison of the structure of gneiss and mica-slate, with some rock, as Sandstone, which is universally admitted to be a mechanical formation. Sandstone is composed of particles of quartz, sometimes also particles of felspar and mica. These particles, when closely examined, bear all the marks of attrition, and are always connected together into a mass, by means of a cement which is either of quartz, marl, or iron-clay. This rock, as 347 we have already noticed in the text, is stratified, and the strata are horizontal, or variously inclined, and sometimes even vertical, and yet, in all these positions and states, whether the strata be horizontal or vertical, whether the base or cementing substance, be quartz or marl, these particles have still most distinctly the characters of substances that have been long exposed to agitation in water. In gneiss and mica-slate, on the contrary, the particles of felspar, quartz and mica, have all the characters of crystallised substances, but none of those that occur in substances altered by attrition; and they are joined together without any cement,—a character common to substances formed from a state of solution[51].


  The mica is sometimes irregularly mixed with the felspar and quartz, as is the case in granite; sometimes it is in layers that alternate with layers of felspar and quartz; in other instances, the mica is intermixed with the substance of the quartz, to which it communicates different colours, 348 which shews that the quartz, felspar and mica, must have crystallized or taken their present form from a state of solution; and crystals of mica have been observed included in the crystals or concretions of quartz, that is, crystals of the most fusible substance included in the least fusible,—a fact: of itself sufficient to shew that the structure and position of these rocks is not owing to the agency of heat.


  It follows irresistibly from these facts, that gneiss and mica-slate are true chemical productions; and as gneiss passes into granite, and mica-slate into clay-slate, all these rocks are to be considered as belonging to the same species of formation. We have thus succeeded in proving, that the four great primitive rocks, Granite, Gneiss, Mica-slate, and Clay-slate, are not composed of materials derived from rocks older than themselves, but are in the strictest sense Primitive. Therefore the present world has not derived its materials from one or more worlds antecedent to it, and consequently this grand principle of the Huttonian Theory falls to the ground[52].


  Note D.—(Page 83. Parag. 45.)


  Deluge.


  In this paragraph, phenomena are mentioned, that appear to intimate a repeated rising of the waters of the globe. The first rising, or that 349 during which the second porphyry and sienite formations were deposited, cannot be termed a Deluge, as it took place when the mountains were still covered with water, and before the creation of animals and vegetables. The second rising, however, that which deposited the newest flœtz trap formation, may be termed a Deluge, as it took place when the surface of the earth was covered with animals and vegetables, and consequently at a period when much dry land existed.


  Note E.—(Page 116.)


  We sometimes meet with considerable tracts of country, extending through many valleys, and consequently including ranges of mountains, composed of vertical strata of mica-slate or gneiss, and which, to some observers, appear to have no support from older rocks. This observation was stated as an objection to the Wernerian Geognosy, at one of the great public Philosophical Assemblies in this place. If, however, we conduct our examination according to true geognostic principles, we shall experience no difficulty in discovering that these rocks are supported by those which we know to be older, and that, in the one case, the fundamental rock will prove to be gneiss or granite; in the other, it will be granite. In some particular cases, indeed, as when the strata rise towards flœtz rocks, or occupy a whole district where the older rocks are not to be seen, the point or line of support is not visible. In the first case, 350 the mechanical causes that acted so powerfully during the formation of the flœtz rocks, appear to have carried away much of the fundamental rock; and this is proved by the flœtz, rocks themselves, which we find to be composed of fragments of the fundamental rock. In the second case, the, fundamental rock is not to be seen, because it is covered by the superincumbent strata. Yet its existence is demonstrated by the strata rising up on both sides, towards a middle line, or on all sides towards a central point.


  Note F.—(Page 121.)


  Wavings in Strata.


  The waved appearance which sometimes occurs in clay-slate, has not only been considered as irreconcilable with the Geognosy of Werner, but as a strong proof of the truth of the Plutonic, or Huttonian Theory. Those who are acquainted with the external characters and geognostic relations of clay-slate, scarce need be informed, that this kind of structure is but an effect of crystallisation. As all veins, according to the Huttonian hypothesis, have been filled by the injection of fluid matter from below; it is evident, that if clay-slate shall be found with the waved character in veins, this kind of structure must be owing to crystallisation from a state of solution, whether that solution be aqueous or igneous. Now, the truth is, clay-slate, as already mentioned, does occur in 351 veins, and in these repositories, it has the waved structure, and alternates with beds of quartz, and ores of different kinds. It is therefore demonstrated, that the wavings in this rock have not been produced by a force acting from below on softened mechanical deposites, but have been formed by crystallisation, from a state of solution, and which solution, we infer from the general structure of the globe, to have been aqueous.


  Note G.—(Par. 5, p. 137, 138.)


  Second Porphyry Formation.


  When describing the second porphyry formation, I ought to have mentioned, that when the formation is complete, besides sienite, there also occurs primitive claystone, and primitive conglomerate; and the whole series appears in the following order, from the fundamental rock upwards.


  


  1. Primitive Conglomerate.—Composed of angular fragments of different primitive rocks. This bed is of inconsiderable magnitude.


  


  2. Primitive Claystone.—It is somewhat earthy in its lower part, but gradually becomes more compact, and includes crystals of felspar, when it passes into the superincumbent porphyry.


  


  3. Porphyry.—This rock passes into, and is covered by


  


  4. Sienite,—Which forms the upper part of the deposition.


  Note H.—(Page 150.)


  Very striking curvatures sometimes occur 352 in Transition or Grey-wacke slate. The waved and concentric circular appearances, are the effects of crystallisation, as is shewn by the identity of those kinds of structure with that of granite and other rocks universally admitted to have been formed from a state of solution. Other curved and angular appearances seem to be connected with the mode of deposition of the strata, and may be traced either to inequalities of the fundamental rock, or to the irregularities in the deposition of the strata themselves. In some rare cases, the sinking of subjacent strata, appears to have produced irregularity in the superincumbent.


  Note I.—(P. 156.)


  The variety of Sandstone, mentioned in this page under the name of Conglomerate, is by some authors denominated Breccia, by others, Pudding-stone. The name Puddingstone, however, strictly speaking, can be applied only to that particular rock found in England, and known by the name of the Puddingstone Rock, and which is very different from Conglomerate, not only in its individual characters, but also in its geognostic situation.


  Note K.—(P. 169.)


  It must not be understood, that all limestone caves are formed in the manner described in this page, because others appear to be formed by the widening of great rents, washing away of 353 subjacent masses, and sometimes by the action of the waves of the ocean.


  Note L.—(P. 200.)


  It has been objected to the Wernerian Geognosy, that if the last member of the series of conformable stratified primitive rocks, be the least crystalline, the same should be the case with the last members of the overlying primitive and flœtz rocks; which, however, is not consistent with fact. This objection is easily answered. During the deposition of the conformable primitive rocks, the water of the globe appears to have gradually diminished in height, and its agitation to have increased; hence, the last deposited rock must be the least crystalline: whereas, in the overlying rocks, which appear to have been formed by a rising and settling of the waters of the globe, the last member must be the most crystalline, because, as soon as the water reached its greatest height, it appears to have gradually become less and less agitated.


  Note M.—(P. 221.)


  American Volcanoes.


  The greater number of volcanoes in South America, appear to differ from those in Europe, not only by their great elevation, but also the kind of rock in which they are situated, and the mineral and other substances they throw out, when in a state of activity. The heights of several of the most remarkable, are mentioned in the Table 354 at the end of the volume. It would appear, from the observations of Von Humboldt, that the rock in which they are situated, is a variety of Porphyry-slate; and that they scarcely ever throw out lava, but generally slag, ashes, a substance resembling pumice, and vast quantities of water, with an earthy slimy mass, denominated Kotb by the Spanish inhabitants, and Muya or Moya by the Indians, which often contains vast numbers of fishes, the Pimelodi Cyclopum of Humboldt. Hence, in the accounts of the tremendous volcanic eruptions that have taken place in the province of Quito, we hear only of overflowings, or of bodies being enveloped or buried in the moya or mud, never of the burnings that characterise European and other volcanoes of the same kind. When the volcano of Carguairazo fell down, on the night of the 19th July 1698, it overflowed a tract of country from 15 to 18 square miles, with moya. The numbers of human beings destroyed, was so great, that at Tacunga and Hambato, the bodies were interred in heaps. During the great earthquake of the 4th of February 1797, 40,000 human beings were destroyed by the water and moya that issued from the mountains.


  The Moya has a blackish-brown colour, is earthy and not very coherent. Distinct traces of glassy felspar are observable in it; but even with the assistance of a microscope, we can discover neither sulphur nor pyrites. Some kinds are inflammable, 355 and are used as fuel by the inhabitants. It burns without flame, but yields a strong heat.


  One hundred parts of this substance, analysed by Klaproth, gave the following result:


  


  Carbonic acid, - 2 1/4 cubic inch.


  Hydrogen gas, - 14 1/2.


  Water impregnated with ammonia, and

  a small portion of empyreumatic oil, - 11 grains


  Coal, - 5 1/4


  Silica, - 46 1/2


  Alumina, - 11 1/2


  Lime, - 6 1/2


  Oxyd of iron, - 6 1/2


  Natron, - 2 1/2


  Note N.—(P. 241.)


  Huttonian Theory of Veins.


  According to the Huttonian Theory, veins have been filled by the injection of fluid matter from below: Because,


  1. Nothing of the substances which fill veins is to be found any where at the surface of the earth, or in the strata they traverse [53].


  2. Veins do not present 356 horizontal depositions[54] but are often disposed in layers parallel to 357 their walls.


  3. Veins are in general wider below 358 than above[55].


  4. Veins are filled only with such rocks as 359 appear to have been in a state of complete fusion; as granite, porphyry, or trap.


  5. Veins sometimes appear to terminate or close at their upper extremity or outgoing.


  6. Masses of rock sometimes appear insulated in the middle of veins, and consequently in such a situation, as shews that they could only be supported by a ponderous fluid[56].


  7. Veins generally induce a degree of induration in the stony strata or beds, or a burnt appearance in the inflammable beds, through which they pass [57].


  8. Masses of sandstone, and slate-clay, 360 included in veins, are usually harder than these rocks are in general[58].


  9. The shifts in venigenous districts are of immense extent[59].


  10. All veins appear to shoot from below into the superior strata.


  We shall now examine very shortly the proofs 361 just stated.


  1. From the tables of the relative antiquity 362 of minerals, inserted in this work, we learn, that the greater number of metalliferous minerals occur, not only in beds, but frequently disseminated through rocks of different kinds;—facts which shew, that veins may be filled otherwise than from below, the "place of power and expansion,"


  2. All veins possessing the parallel bedded structure, mentioned as the second proof of the Huttonian hypothesis, are composed of materials having the characters of substances, formed from a state of chemical solution; hence, it is evident, that during their deposition they would naturally attach themselves to the walls of the vein, and follow all its curvatures and inequalities, in the same manner that saline incrustations are formed on the sides and bottoms of vessels, in our chemical operations, or upon the sides and bottoms of salt lakes, where they form horizontal or vertical strata, according to the inequality of the 363 bottom on which the deposition takes place. It is incorrect to say, that these bedded veins have hardly any thing in common with the real phenomena of stratification; for the truth is, that the phenomena are almost precisely alike; because vertical beds of ore, quartz, and limestone, alternate with each other, and follow exactly the irregularities of the surface of the fundamental rock, which is either granite, gneiss, mica-slate, or clay-slate. It is equally incorrect to say, that this bedded structure is owing to repeated injections of fluid matter from below; because these beds, which in the upper part of the vein are near its walls, are at a considerable distance from them lower down, and, still deeper, approach nearer to the middle of the vein: besides, these veins sometimes contain different formations, included in each other, the lowest being the first formed, as is demonstrated by the beds of the newer formation being bounded at the sides and bottom by those of the older, and the newer containing fragments of the older formation, but the older formation never containing fragments of the newer.


  3. That veins are wider below than above, is an assertion contradicted by the experience of the practical miners of almost every country, and by the more accurate examinations of the best-educated mineralogists. Proofs of the error of this assertion will be found in the writings of Werner, Mohs, Von Buch, Karsten, Friesleben, Oppel, 364 &c. In some districts, indeed, veins have been completely worked out; which surely is a clear proof, that veins terminate at their lower extremity.


  4. We have already shewn, at p. 346, that veins are sometimes filled with such rocks, as, according to the Huttonian hypothesis, have not been in a state of complete fusion, and which therefore should not be found in such repositories.


  5. It cannot be denied, that veins sometimes close at their upper extremity. These, however, are not principal veins, but branches of them; hence, although they have not a direct communication with the surface, they have an indirect one, by means of the principal vein. Partial closings of principal veins sometimes occur; and when these are not examined on the great scale, we may be led to believe, that we have discovered a complete closing of a principal vein;—an appearance which has never occurred to any mineralogist[61].


  6. The insulation of fragments in veins, is in general only apparent; being either produced by a particular section of the vein, which conceals the points of support, or occasioned by the vein itself being composed of several formations. We can also easily conceive small fragments that 365 are perfectly insulated, to have been supported by the viscidity of the aqueous solution, or to have been interrupted in their descent by the sudden crystallization of the matter of the vein.


  7. The change induced on the walls of veins by the matter of the vein itself, has been long known to miners, and was considered by Dr Hutton as a strong proof of the truth of his geological speculations. An accurate examination of these appearances, however, shews that they afford no support whatever to the system of the formation of the earth which he contrived. When veins of greenstone, porphyry-slate, or other similar rocks, traverse strata of sandstone having a clayey or marly base, the walls of the veins are often somewhat more compact than the rock at a distance. But this increased compactness is not owing to any effect of heat: it is produced by an intermixture of the matter of the vein, with the rock that forms its walls, as is often observed in metallic veins, of which the walls are affected by the presence of the ores. When veins traverse sandstone having a base of quartz, no change is to be observed either in the colour or compactness of the walls of the veins. When they traverse beds of coal, they sometimes render it rather more earthy than the coal at a distance, and this is the only change they produce on this substance. The charrings mentioned by the Huttonians as proofs of their system, are of two kinds: 1st, Coal changed by the action of intermixed pyrites, 366 as was first ascertained by Dr Thomson; and not coal changed by any heating of the vein; because this particular kind of change is produced only where pyrites is mixed with the coal, 2d, Is not an altered coal, but a particular kind of glance-coal, the geognostic relations of which have been already detailed.


  8. The masses of sandstone, and slate clay, alluded to by Professor Playfair, as found in veins, are not in one instance indurated. The supposed indurated sandstone is Quartzy Sandstone, or marly or clayey sandstone, rendered more compact by intermixture with the substance of the vein: and the indurated slate-clay is in general a substance intermediate between slate-clay and flinty slate, which differs from common slate-clay, not only in external characters, but also in chemical composition.


  9.The magnitude of shifts, and the horizontal translation of the strata, afford no support whatever to the Huttonian theory, because rents a thousand fathoms long, and from six to eight feet wide, and having what is here termed, rather incorrectly, the "horizontal translation", have been formed within the memory of man, either during wet seasons, or long-continued intense frosts, or earthquakes. The translation of the strata is easily explained. After the rent is formed, and the strata consequently loosened from their connection with the mountain, the mass moves to a greater or 367 less distance in the direction of the dip of the strata.


  10. We have already examined this proof, in the Note to page 237. We may very safely challenge the supporters of the Huttonian Theory, to produce a single instance, in the primitive, transition, flœtz, or alluvial rocks, of a vein whose characters shew, that it has been formed by the injection of fluid matter from below.


  CORRECTIONS AND ADDITIONS.


  (Note: All of these corrections have been incorporated into the epub text except the one starting with P. 180. I could not locate the correct location for the change in text, and the two starting with P. 297. and P. 295. that occur in the extended mineral table, because these tables are images of the book pages rather than editable text.)


  


  Page 60, line 8. for Granite Suite, read Slate 368 Suite,


  P. 85. l. 21. for 11,080 feet read 12,236 feet


  P. 106 1. 28. for newer granite formation; read newest granite formation;


  P. 109. The following alteration of the note on this page, will render it more precise. It has been said; that no second or third granite formation exists; and further, that granite veins are to be observed shooting from what is termed the Oldest Granite into the adjacent rocks, in the island of Arran and in Galloway, and that veins of the Oldest Granite traverse primitive rocks in Glen Tilt. The existence of the different granite formations has been demonstrated; and I have convinced myself, after a careful examination of the places just mentioned, that they do not afford a single instance of granite veins shooting from the Oldest Granite into the adjacent rocks, nor of veins of the Oldest Granite traversing newer primitive rocks.


  P. 113. l. 14. for in granite, read in the oldest granite.


  P. 137. l. 25. for mica-slate, read gneiss.


  P. 144. l, 4. read there is transition and probably even flœtz flinty-slate.


  P. 144. l. 11 for in read with


  P. 153. l. 20. for formations, read formation,


  P. 179. (Note) read slate-clay or bituminous shale,


  P. 180. paragraph 2. To the transitions of slate-clay add that into bituminous shale.


  P. 206. l. 8. that reach to the Gulf of Persia, to be omitted as erroneous.


  P. 297. l. 3. erase primitive as superfluous.


  P. 295. column Schiller-stone, for A. in lines 5. and 7. read Im.


  P. 325. Gold mine of the Krivan, height 6954 feet; the Krivan itself 8343. In the table, this latter height is given by mistake to the mine. Nota.—There is a silver-mine near Sterzingen, in the Tyrol, which is considerably higher: by actual measurement it was found to be 7512 French feet above the level of the sea. There is a considerable mine in the Rath-hausberg, in Satzburg, which is 6195 French feet above the level of the sea.


  THE END


  ENDNOTES


  [1] By the outgoings of the strata are understood their upper extremities as they appear at the surface of the earth.


  [2] It has been said, that the figure of the Earth cannot be satisfactorily explained on the Neptunian system, because the earth is not a solid of revolution. This apparently plausible objection will vanish, when we reflect, that the Neptunian system only considers the earth to have had the spheroidal shape when it was in a fluid form but that, during the formation of its solid parts, it may have deviated more or less from that form, according to the inequality of the various depositions.


  [3] If we would judge of the propriety of the name given to this series, from its extreme members, it would appear very unappropriate. To judge rightly, we must consider it in the whole or on the great scale.


  [4] Brochant uses the term secondary in place of flœtz because he considers the flœtz rocks of Werner as identical with the secondary rocks of older mineralogists. This opinion, however, is incorrect, as these secondary rocks include also those denominated transition.


  [5] That most excellent mineralogist, the late Dr Mitchell, in a letter to me on this subject, has the following observations: "There is a most palpable difference between supposed and genuine granite veins: the former are frequently narrower than one inch; are commonly much ramified, and sometimes tortuous; but they constantly adhere most firmly to the adjacent stone; and when they contain apparent fragments, the slaty structure of these is ever conformable to that of the contiguous rock: Genuine granite veins never fall short of some inches; are always pretty straight; seldom giving off branches; have a distinct separation; and they contain fragments of the adjacent rock, which lie promiscuously: the granite is constantly uniform, containing the three ingredients, equally mixed; and I have ever found it small-grained. The supposed granite consists of felspar, of a very unequal grain, inclosing sometimes spots of mica, and rarely specks of quartz. From all this, I think the conclusion is plain, that the last-mentioned is nearly of cotemporaneous origin with the rocks in which they are contained, and ought therefore to be considered as, and called Felspar-veins."


  [6] It has been said; that no second or third granite formation exists; and further, that granite veins are to be observed shooting from what is termed the oldest Granite into the superincumbent rocks in Glen Tilt, Island of Arran and Galloway, and consequently that granite is far from being the oldest rocfk of which the crust of the earth is composed.


  These assertions, however, are erroneous. The existence of the different granite formations has been demonstrated; and I have convinced myself, after a careful examination of the places just mentioned, that they do not afford a single instance of granite veins shooting from old granite into the superincumbent rocks.


  [7] According to Sonnenschmid, many of the mines in Mexico are situated in porphyry.


  [8] The geognostic relations and characters of schorl-rock are not well ascertained, therefore I have declined saying any thing regarding it in the text.


  [9] This limestone of Peebleshire has been confounded with Primitive Limestone by the Plutonists. Vid: Playfair's Illustrations.


  [10] Grey-wacke and Grey-wacke Slate have been confounded with Clay-slate and Mica-slate by the Plutonists. Vide Playfair's Illustrations.


  [11] It is not improbable that certain rocks hitherto considered as Sandstone may prove to be varieties of Quartz.


  [12] These characters are detailed in the first volume of this work.


  [13] Humboldt informs us, that the Andes of Peru, between lat. 6° and 70 south, contain much of the first flœtz-limestone. This limestone is traversed by numerous veins of silver-ore. which have been worked since the year 1772, and afford yearly 100,000 marcs of silver.


  [14] This deposite was formerly denominated the Calamine Formation.


  [15] This deposite was formerly denominated the Third Flœtz Limestone Formation.


  [16] The gypsum at Mont-Martre has usually a yellowish colour; the selenite is also yellow, even almost brown, and some beds are divided into beautiful columns like basalt; these have five, six or seven sides, and are from one to two feet in diameter. It is also characterized by its containing petrifactions of quadrupeds and birds; which latter have been hitherto found only in this formation,


  [17] I first found slaty glance-coal in this formation in the island of Arran, afterwards in Dumfriesshire and Ayrshire, and more lately about two miles from West Craigs, on the great road from Edinburgh to Glasgow. At this latter place there is a bed of slaty glance-coal from ten inches to two feet thick, contained between beds of slate-clay or bituminous shale, and covered by sandstone.


  [18] This fossil has been described as highly indurated slate-clay. It differs, however, from slate-clay, not only in external characters, but also in chemical composition.


  [19] The principal rocks belonging to the trap formation are denominated whinstone by several mineralogists in this place. I have generally employed the term Trap, because it has been accurately explained, the various rocks arranged under it admirably described and discriminated, and as it is a term universally employed as the classic name for this formation by all the mineralogists in Europe.


  [20] Is described in the first volume of this work.


  [21] According to the late observations of Humboldt, this rock appears near the summit of the Peak of Teneriffe, at the height of 11,000 feet above the level of the sea.


  [22] Is described in the first volume of this work.


  [23] The facts connected with this discovery are detailed in my Mineralogy of the Scottish Isles, and Mineralogy of Dumfriesshire.


  [24] This rock resembles certain varieties of quartz.


  [25] Iron-clay is described at page 603. of the second volume of this work.


  [26] I cannot say with perfect certainty, that the Castle Rock of Edinburgh belongs to the Newest Flœtz-Trap. Its geognostic relations ought to be more particularly examined.


  [27] See Höpfner's Magaz. fur. d. Naturkunde Helvetiens, 4ter band S. 239. 254.


  [28] The rock on which a bed rests, is denominated the floor, and that by which it is immediately covered, its roof.


  [29] In the famous lead mine of el Lomo del Toro, in Mexico, masses of lead glance mixed with iron pyrites. and weighing 6200 tons, have been cut out of flœtz-limestone.—Sonnenschmide, p. 70.


  [30] 1. Veins sometimes continue their whole extent parallel or between the strata of the mountain in which they are contained. We must be careful not to confound such veins with beds.


  2. It sometimes happens that a vein is, in some parts of its course, parallel with the strata; in others intersects them. The portions of the vein parallel with the strata, may be confounded with beds, particularly if the veinstone be of pitchstone, greenstone, basalt, porphyry-slate, or any other mountain-rock. In the island of Arran there are many highly instructive examples of this important fact.


  3. It sometimes happens that the main or principal vein intersects the strata, but some of its lateral branches are parallel with the strata, and these in some degree assume the character of beds or lying-masses. In the island of Arran there are also examples of this curious appearance.


  [31] The walls of a vein are the sides of the original fissure, or are that part of the mountain-rock which immediately bounds the sides of the vein.


  [32] Vid. Mineralogy of the Scottish Isles.


  [33] It is an incontrovertible fact, that no veins of the substance of a subjacent rock ever shoot into a superincumbent one; because the structure of the crust of the globe, from from the oldest granite to the newest alluvial deposite, shews that veins are composed either of the finer substance of the rock in which they are contained, as is the case with those veins denominated Cotemporaneous, or of substances more or less different from the rock, and which are frequently connected with mountain-masses or beds, that lie over those rocks by which these veins are traversed. Thus, no veins of granite are ever observed shooting from the oldest granite formation into the superincumbent gneiss; but veins of gneiss traverse this granite. No veins of mica-slate ever traverse clay-slate, but veins of clay-slate traverse mica-slate


  [34] When veins of greenstone, porphyry-slate, or other similar rocks, traverse certain kinds of sandstone, the walls of the veins are observed to be more compact than the sandstone at a distance. This increase of hardness is caused by a portion of the matter of the vein being intermixed with the sandstone in contact with it. Excellent examples of this appearance occur in the island of Arran. Metalliferous veins sometimes induce a similar change on their walls.


  [35] This does not, strictly speaking, include cotemporaneous veins, for reasons sufficiently obvious.


  [36] By a formation of veins, or simply a formation, is understood all veins that have had one and the same origin, and have been formed at the same time, whether they occur together in the same country, or in different and distant countries. Thus, we say the Formation of Lead-glance, the Formation of Heavy-spar, &c.


  When many veins of the same formation occur together in the same country, they form what is denominated a depot of veins, and such depots are designated by the name of the country in which they occur, and the principal ore or fossil which they contain: Thus, we have the Tin Depot of Altenberg.


  Lastly, When several depots occur together in the same country, they form what is termed a district of veins.


  [37] These descriptions are extracted from Werner's Treatise On Veins.


  [38] Vide Mitchell, in Irish Transactions.


  [39] Mitchell, Irish Transactions.


  [40] This metal, with iron, manganese, and nickel, occurs in aerolites, those stones that fall periodically, and in the direction of the magnetic meridian, from the atmosphere.


  [41] I take this opportunity of correcting a mistake respecting Cobalt-glance and White Cobalt-ore, that occurs in the second volume of this work.


  The chemical characters, constituent parts, geographic and geognostic situations of White Cobalt-ore, as stated in pp. 433. and 434., belong to Cobalt-glance; and the geognostic and geographic situations and uses of Cobalt-glance at 437, 438., belong to White Cobalt-ore.


  [42] It is said to occur in floetz-limestone in Peru.


  [43] This ore, particularly the conchoidal subspecies, has an icy or glassy aspect, and hence was denominated Vitreous or Glassy Silver ore by older mineralogists. The Vitreous Silver-ore of Kirwan and others, is Silver-glance,—a mineral that does not possess the glassy aspect which so remarkably characterizes the conchoidal Corneous Silver-ore.


  [44] We have already mentioned, at p. 167. that Humboldt had observed numerous veins of silver-ore in the first flœtz-limestone of Peru; but the details connected with this interesting fact have not hitherto been communicated to the public.


  [45] Gold-yellow native gold has been found in veins along with quartz and iron-pyrites, but the age of these veins is not known.


  [46] It has not been satisfactorily ascertained, whether these beds occur in the first or second flœtz-limestone.


  [47] Vauqelin has lately discovered it in the silver-ores of Gandalcanal in Spain. It is said also to have been found at Niznei Novogorod, 600 German miles N. W. of Petersburgh. The truth of this report has been lately called in question.


  [48] House of Whim, 884. House of Newhall, 855. House of Woodhouselee, on the acclivity of the Pentlands, 720. Libberton-Tower, 590. House of Penicuick, 590. House of Greenlaw, 585. House of Auchindenny, 534. Dalkeith, 200. Piazza of Holyroodhouse, 135.


  [49] The heights in West Lothian were ascertained by Mr John Fleming of Bathgate.


  [50] Some accounts make the height of this mountain but 2800 feet from the sea. It is probable, that this mensuration may rather intimate its height above Moffat. This mountain should be carefully measured, as it appears to be the highest in the south of Scotland.


  [51] These particles, or distinct: concretions, can be separated from each other, without breaking into their interior; and their surfaces, when examined, have all the characters that occur in crystals of quartz or felspar; whereas, if their junction had been the effect of a softening and junction of their surfaces by heat, the particles could not be separated, without breaking into the interior, and we would have, in place of the surface of distinct concretions, the fracture surface.


  [52] For a complete refutation of the chemical arguments adduced in support of the Huttonian Theory, I refer to Mr Murray's comparative view of the Neptunian and Huttonian system, in the fourth volume of his System of Chemistry.


  [53] "It is not with veins as with strata, where, in the loose sand on the shore, and in the shells and corals accumulated at the bottom of the sea, we perceive the same materials of which these strata are composed. The same does not equally hold of veins. "Look, says Dr Hutton, into the sources of our mineral treasures! Ask the miner, from whence has come the metal in his veins? Not from the earth, or air above, nor from the strata which the vein traverses: these do not contain an atom of the minerals now considered. There is but one place from whence these materials may have come, this is the bowels of the earth;the place of power and expansion; the place from whence has proceeded that intense heat, by which loose materials have been consolidated into rocks, as well as that enormous force, by which the regular strata have been broken and displaced!" The above is a very just and natural reflection; but if, instead of interrogating the miner, we consult the Neptunist, we will receive a very different reply. As this philosopher never embarrasses himself about preserving uniformity in the course of nature, he will tell us, that though it may be true, that neither the air, the upper part of the earth's surface, nor even the sea, contain at present any thing like the materials of the veins; yet the time was, when these materials were all mingled together in the chaotic mass, and constituted one vast fluid, encompassing the earth; from which fluid it was, that the minerals were precipitated and deposited in the clefts and fissures of the strata." Playfair's Illustrations of the Huttonian Theory, p. 247,


  [54] "If veins were filled by deposition from above, we ought to discover in them such horizontal stratification, as is the effect of deposition from water, and we should perceive no marks of the materials having been introduced with violence into their place. The Neptunists cannot object to the trial of their theory by these two facts.


  "As to the first, it is acknowledged, that there is a regular disposition of the substances in mineral veins, but it is one which has hardly any thing in common with the real phenomena of stratification. It consists in the distribution of the principal substances in coats parallel to the sides of the vein, each substance forming a separate coat. In a vein, for instance, containing quartz, fluor, calcareous spar, lead, &c. we might expect to find a lining of quartz crystals, applied immediately to the walls of the mine, and following exactly the irregularities of the surface; next, perhaps, a coat of flu or then of calcareous spar; and last of lead-ore, in the centre of the vein, the same order being observed on the opposite side. These successive coats, it is material to remark, are not in planes, but in uneven surfaces, of which the inequalities are evidently determined by those of the walls, that is, of the rock which forms the sides of the vein: neither are they horizontal, but are parallel to the walls, whether these be perpendicular or inclined. Here, therefore, there is no appearance of the action of that statical law, which has directed the arrangement of the other strata, and which tends to make the plane of every stratum deposited by water perpendicular to the direction of gravity.


  "The coating of the veins has, therefore, been performed under the conduct of some other power than that which presides over aqueous depositions. If, as the Neptunists maintain, the materials in the veins were deposited by water, in the moll perfect tranquillity, it is wonderful that we do not find those materials disposed in horizontal layers, across the vein, instead of being parallel to its sides; and it seems very unaccountable, that the common strata, deposited, as we are told, while the water was in a state of great agitation, have rigorously obeyed the laws of hydrostatics, and acquired a parallelism in the planes of their stratification, which approaches so often to geometrical precision; while the materials of the veins, in circumstances so much more favourable for doing the same, have done nearly the reverse, and taken a position, often at right angles to that which hydrostatical principles require. This is a paradox which the Neptunian System has created, and which therefore it is not very likely to resolve."—Playfair's Illustrations, p. 250.


  [55] "It is alleged, in proof of the Neptunian hypothesis, that mineral veins are found less rich as they go farther down; whereas they ought to be richer, if they were filled by the projection of melted matter from below. But the fact, that mines are less rich as they descend farther, though it may hold in some instances, is not general, and may therefore be supposed to arise from local causes, such as are, in respect of us, accidental, and beyond the limits to which our theories can be expected to reach."—Playfair's Illustrations, p. 248.


  [56] "The general fact, of pieces of rock being found insulated in veins, is certainly favourable to the notion of an injected and ponderous fluid having originally sustained them."—Playfair s Illustrations, p. 257.


  [57] "Strata, whether sandy or argillaceous, where in contact with the sides of veins of whinstone, are extremely hard and consolidated; the former, in some cases, lose their granulated texture, and are sometimes converted into perfect jasper.


  "As the beds of stone, where they ate in contact with veins of whin, seem to acquire additional induration so those of coal, in like circumstances, are frequently found to have lost their fusibility, and to be reduced nearly to the condition of coke, or of charcoal. Few facts, in the history of fossils, are more remarkable than this, and none more directly assimilates the operations of the mineral regions, with those that take place at the surface of the earth."—Playfair's Illustrations, p. 73, 74.


  [58] "Another mark of fusion, more distinctive of whin, is, that both in veins and in masses, it sometimes includes pieces of sandstone, or of the other contiguous strata, completely insulated, and having the appearance of fragments of rock floating in a fluid sufficiently dense and ponderous to sustain their weight. Though these fragments have been too refractory to be reduced into fusion themselves, they have not remained entirely unchanged, but are, in general, extremely indurated, in comparison of the rock from which they appear to have been detached."—Playfair's Illustrations, p. 72.


  [59] "Mineral veins, particularly at their intersections with one another, contain abundant marks of the most violent and repeated disturbance[60]. Not to mention, that they owe their first formation to the fracture and displacing of rocks already consolidated; it appears, that they have originated at very different periods, and that the birth of each has been accompanied with convulsions, which shook the foundations of the earth. In Cornwall, for instance, the principal veins, and those which they distinguish particularly by the name of Lodes, have nearly the same direction with the strata, or vertical schistus, extending from about E. N. E. to W. S. W. These, however, are often intersected nearly at right angles, by other mineral veins called Cross Courses: and this hardly ever happens without the latter moving, or, as it is called, heaving the former out of their direction. This plainly indicates, that the cross courses are of later origin than the others, and that their formation was accompanied with such a force, as must, in many instances, have moved the whole body of rock which constitutes the promontory of Cornwall, and probably much more, for several yards in a horizontal direction. Sometimes, also, both the longitudinal and cross veins, are forced out of their place by a third.


  "What is here said of Cornwall, is the history, in some degree, of all mineral countries whatever. The great horizontal translation, which has thus accompanied the formation of veins; the movement impressed on such vast bodies of rock, and the frequent renewal of these immense convulsions, are not to be explained by the mild and tranquil dominion of the watery element; they require the utmost power that is known anywhere to exist, and were it not for the admonition of the volcano and the earthquake, we might doubt if even subterraneous heat itself possessed an energy adequate to these astonishing effects.


  "From the heaving of one vein by another, it is evident, that there was a force of protrusion in the direction of one of them, that acted at the time of its formation. This force cannot be accounted for, on the supposition that veins were produced by the mere shrinking of the strata: for the rocks would not, in that case, have been rent asunder, and impelled forward at the same time. It appears most likely, that fissures in the strata were made, at least in many instances, and the matter poured into them, nearly at the same time, both being effects of the same causes, the expansive force of subterraneous heat."—Playfair's Illustrations, p. 254.


  [60] These marks of disturbance are slips and shifts in the strata.


  [61] It has been said, that true veins, closing at the upper extremity, occur in the island of Arran: but this is a mistake, as I shall shew, in my observations on that island.


  INDEX

  


  English Names


  A


  Acanticone, ii. 530, iii. 259


  Actynolite, i. 455, iii. 225


  —asbestous, i. 456


  —common, i. 458


  —glassy, i. 462


  Adhesive slate, ii. 550


  Adularia, i. 286


  Agate, i. 181


  —clouded, i. 183


  —coral, i. 183


  —fragment, i. 183


  —jasper, i. 183


  —landscape, i. 182


  —moss, i. 182


  —punctated, i. 183


  —petrifaction, i. 183


  —ribbon, i. 182


  —star, i. 183


  —tube or tubular, i. 182


  —zoned, i. 182


  Agate-jasper, i. 242


  Alluvial rocks, iii. 206


  Alum, natural, ii. 27


  Alum-stone, i. 319


  Alum-earth, i. 321, ii. 61, iii. 209


  Alum-slate, i. 323 iii. 123


  —common, i. 324


  —glossy, i. 326


  Alpine limestone, iii. 166


  Amalgam, ii. 116


  —fluid, ii. 117


  —solid, ii. 118


  Amber, ii. 91, iii. 209


  —white, ii. 91


  —yellow, ii. 92


  Amethyst, i. 136


  —common, i. 137


  —fibrous, i. 141


  Amianth, i. 442


  Ammoniac, ii. 19


  Amygdaloid, iii. 149, 177, 194


  Andalusite, ii. 544


  Anhydrite, ii. 557


  Antimony, ii. 415, iii. 271


  —black, ii. 425


  —grey, ii. 417


  —native, ii. 415


  —red, ii. 426


  —white, ii. 428


  Antimony ochre, ii. 431


  Antimonial silver, ii. 142, iii. 266


  Apatite, i. 536


  Arandalite, ii. 530, iii. 259


  Arctizite, ii. 548


  Arragon, i. 533, iii. 172


  Arsenic (native) ii. 469, iii. 264


  Arsenic pyrites, ii. 472, iii. 264


  —common, ii. 472


  Arsenic pyrites,


  —argentiferous, ii. 475


  Arsenic bloom, ii. 483


  Arsenical silver, ii. 145


  Asbest or Afbestus, i. 446 iii. 133


  Asparagus-stone, i. 540


  Asphaltum, ii. 49


  Augite, i, 50, iii. 186


  Axestone i. 4. 16


  Axinite or Thummer-stone, i. 131


  Azure-stone, i. 225


  Azurite, ii, 542


  B


  Basalt, i. 369, iii. 186, 187, 188, 189, 232


  Basalt tuff, iii. 192


  Beryl, i. 110


  —precious, i. ib.


  —schorlous, i. 116


  Bismuth, ii, 392, iii. 264


  —native. ii. ib.


  —ochre, ii. 397


  —glance, ii. 595


  Bituminous wood, ii. 54. iii. 179, 199, 209


  Bituminous marl-slate, i. 529 iii. 167


  Bituminous shale, i. 325, iii. 180


  Black coal, ii. 66


  Black silver-ore ii. 177, iii. 268


  Blende, ii. 399, iii. 272


  —black, ii. 407


  —brown, ii. 402


  yellow, ii. 399


  Bog iron ore, ii. 334,


  —iii, 36, 210, 274


  —meadow-ore, ii. 337


  —morass-ore, ii. 335


  —swamp-ore, ii. 336


  Bole i. 399


  Bolognese, or Bolognian spar, i. 596


  Boracite, i. 544. iii. 173


  Borax, ii. 36


  Bonrnonite, ii. 579


  Brown coal, ii. 54, iii. 199


  —common, ii. 62


  Brown spar, i. 510


  —foliated, i. 511


  —fibrous, i. 515


  C


  Calamine, ii. 411, iii. 170, 272


  Calc-spar, i. 488, iii. 37


  Calc-sinter, i. 499, iii. 37, 211


  Calc-tuff, i. 531, iii. 37, 210


  Cannel coal, ii. 75, iii. 178


  Carnelian, i. 178


  Cat's eye, i. 200


  Celestine, i. 602


  —fibrous, i. 603


  —foliated, i. 605


  Ceylanite i. 79, ii. 531


  Chalcedony, i. 173


  Chalk, i. 473, iii. 89, 176, 177


  Chiastolite, ii. 545


  Chlorite, i. 347


  —common, i. 349


  —foliated, i. 353


  Chlorite earth, i. 348


  Chlorite slate, i. 351, iii. 123


  Chromate of iron, ii. 570


  Chrysoberil, 38


  Chrysolite, i. 42


  Chrysoprase, ii 191


  Cinnabar, ii. 127, iii. 273


  —dark red, ii. ib.


  —bright red,. ii. 130


  Cinnamon-stone, ii. 527


  Clay.


  —pure, i. 294


  —pipe, i. 307


  —potters, i. 303


  Clay,


  —slate, i. 312, iii. 180


  —variegated, i. 308


  Clay-ironstone, ii. 317


  —columnar, ii. 320, iii. 212


  —common, ii. 326, iii. 198


  —jaspery, ii. 325


  —lenticular, ii. 322, iii. 161


  Clay-porphyry, iii. 138


  Clay-slate, i. 334, iii. 121 to 126


  Clay-stone, i. 310. iii. 95, 197


  Clink-stone, i. 380


  Clink-stone porphyry, iii. 190 to 192


  Coal, ii. 54


  —black, ii. 66


  —common brown, ii. 62 iii. 199


  —columnar, ii. 69 iii. 199


  —cannel, ii. 75, iii. 178


  —coarse, ii. 78, iii. 178


  —earth, ii. 57, iii. 179, 209


  —foliated, ii. 77. iii. 178


  —glance, ii. 81, iii. 178 179, 199


  —moor, ii. 65, iii. 179, 199


  —pitch, ii. 67, iii. 178, 179, 199


  —slate, ii. 72, iii. 178


  Cobalt-ore,


  —white, ii. 432, iii. 265


  —grey, ii. 434. iii. 265


  Cobalt-glance, ii. 436. iii. 265


  Cobalt-ochre,


  —black, ii. 438


  —brown, ii. 441


  —red, ii. 444


  —yellow, ii. 443


  Cocolite ii. 528


  Columbite, ii. 582


  Columnar coal, ii. 69


  —clay ironstone, ii. 320


  —heavy-spar, i. 592


  Conglomerate, iii. 156


  Copper, native, ii. 178. iii. 268


  Copper-azure, ii. 218


  —earthy, ii. 219


  —radiated, ii. 220


  Copper-black, ii. 207


  Copper-emerald, ii. 241


  Copper-green, ii. 233


  Copper-glance, ii. 183


  —compact, ii. 184


  —foliated, ii. 185


  Copper-mica, ii. 243


  Copper-nickel, ii. 448


  Copper-pyrites, ii. 193, iii. 269


  Copper-ore,


  —grey, ii. 201


  —red, ii. 209


  —white, ii. 198


  —variegated, ii. 189 iii. 269


  Copper-sand, ii. 572


  Copper-vitriol, ii. 33


  Cornish tin-ore, ii. 389


  Corundum, i. 90


  Cross-stone, i. 222


  Cryolite, ii. 558


  Cube-ore, ii. 345


  Cube-spar, i. 571


  Cubic zeolite, i. 218


  Cyanite, i. 451


  D


  Diamond, i. 1


  Diamond-spar, i. 93


  Dolomite, ii. 606


  Drawing slate, i. 328, iii. 123


  E


  Earth-coal, ii. 57, iii. 179, 199


  Emerald, i. 105


  Emery, i. 96


  Epsom salt, ii. 22


  Euclase, ii. 533


  F


  Fahl or grey copper-ore, ii. 201


  Felspar or Feldspar, i. 275


  —compact, i. 276, iii. 197


  —common, i. 278


  —glassy, ii. 566


  Fibrous gypsum, i. 563


  Fibrous zeolite, i. 211


  Fish-eye-stone or Ichthyophthalmite, ii. 601


  Figure-stone, ii. 604


  Flint, i. 169, iii. 168, 176


  Flinty slate, i. 194, iii. 143, 152


  Floatstone, ii. 552


  Fluor-spar, i. 550


  Fossil or mineral oil, ii. 44


  Fullers' earth, i. 409


  G


  Gadolinite, ii. 570 & 613


  Galena, ii. 347, iii. 170, 272


  Garnet, precious, i. 64


  —common, i. 69


  Glance-coal, conchoidal, ii. 81, iii. 199


  —slaty, or coablende, ii. 83, iii. 116, 151, 178


  Glauber salt, ii. 24


  Gneiss, iii. 113, to 118


  Gold, native, ii. 104, iii. 207


  —gold-yellow ii. 104 iii. 270


  —brass-yellow, ii. 109 iii. 270


  —greyish-yellow, ii. 111


  Granular actynolite or Smaragdite, ii. 605


  Granite, iii. 101


  Graphic sylvan-ore ii. 515


  Graphite, ii. 86, iii. 181


  —scaly ii. 87


  —compact, ii. 83


  Grenatite, i. 76


  Green earth, i. 388


  Green iron-earth, ii. 342


  —friable, ii. 343


  —coherent, ii. ib.


  Green lead-ore, ii. 367


  Greenstone, flœtz, iii. 177, 181, 193


  —primitive, iii. 131


  —transition, iii. 148


  Greenstone-slate, iii. 132


  Grey antimony-ore, ii. 417


  —compact, ii. ib


  —foliated, ii. 419


  —radiated, ii. 420


  —plumose, ii. 423


  Grey cobalt-ore, ii. 434


  Grey copper-ore, ii. 201


  Grey manganese-ore, ii. 452


  —compact, ii. 457


  —earthy, ii. 458


  —foliated, ii. 455


  —radiated, ii. 453


  Grey-stone, iii. 190


  Grey-wacke, iii. 149


  Grey-wacke or Transition slate, iii. 150


  Gyps or Gypsum,


  —primitive, iii. 144


  —transition, iii. 152


  —flœtz, iii. 171


  —compact, i. 559


  —foliated, i. 561


  —fibrous, i. 563


  Gyps, or gypsum earth, i. 557


  H


  Hair or Capillary Pyrites, ii. 263


  Hair-salt, ii. 29


  Heavy-spar,


  —compact, i. 580


  —columnar, i. 592


  —curved lamellar, i. 584


  —granular, i. 582


  —straight lamellar, i. 586


  —prismatic, i. 594


  Heavy-spar earth, i. 578


  Heliotrope, i. 187


  Hematite,


  —black, ii. 315


  —brown, ii. 302


  —red, ii. 292


  Hepatic-pyrites, ii. 261


  Hollow-spar, ii. 545


  Honey-stone, ii. 96


  Horn ore. or Corneous


  —silver-ore, ii. 148, iii. 267


  Hornblende, i. 356


  —basaltic, i. 365, iii. 186


  —common, i. 357


  —Labradore, i. 361


  Hornblende slate, i. 363. iii. 130


  Hornblende rock, iii. 130


  Hornstone, i. 161


  —conchoidal, i. 164


  —splintery, i. 161


  Hornstone porphyry, iii. 135, 138


  Hyalite, ii. 535


  Hyacinth, i. 33


  I


  Jasper-agate, i. 183


  Jasper common, i. 239


  —Egyptian, i. 230 ii. 537


  —opal, i. 243


  —porcelain, i. 236


  —striped, i. 233


  —Ichthyophthalmite, ii. 601


  Iron-clay, ii 603 Iron-earth,


  —blue, ii. 340


  —green, ii. 342


  Iron flint, i. 134


  Iron-froth,


  —brown, ii. 296


  —red, ii. 285


  Iron-glance,


  —common, ii. 276


  Iron-mica, ii. 282


  Iron, native, ii. 249


  Iron pyrites,


  —cellular, ii. 264


  —common, ii. 253


  —hair, ii. 263


  —liver, ii. 261


  —radiated, ii. 257


  Iron-sand, ii. 274


  Ironshot copper-green, ii. 237


  Ironstone,


  —black, ii. 313


  —brown, ii. 296


  —clay, ii. 317


  —red, ii. 285


  —magnetic, ii. 268


  —pisiform, ii. 331


  —pitchy, ii. 569


  —sparry, ii. 308


  Iron-vitriol, ii. 32


  Iserine, ii. 502 iii. 260


  Jura limestone, iii. 167


  K


  Kyanite or Cyanite, i. 451


  L


  Labradore-stone, i. 290


  Lake salt, ii. 17


  Lapis Lazuli, i. 225


  Lava,


  —flag, 383 iii. 214


  —foam, i. 385


  Lead-glance,


  —common, ii. 347 iii. 170, 272


  —compact, ii. 354


  Lead-earth,


  —coherent, ii. 378


  —friable, ii. 381


  Lead-ore,


  —black, ii. 360


  —blue, ii. 356


  —brown, ii. 358


  —corneous, ii. 576


  —green, ii. 367


  —red, ii. 370


  —reniform, ii. 577


  —white, ii. 362


  —yellow, ii. 373


  Lead-vitriol, ii. 376


  Lenticular clay-iron-stone, ii. 322


  Lenticular-ore, ii. 245


  Lepidolite, i. 338


  Leucite, i. 57


  Limestone,


  —primitive, iii. 126, 127, 128


  —transition, iii. 146, 147


  —flœtz, iii. 164 to 171


  Limestone,


  —compact, i. 476


  —granular, i. 484


  —fibrous, i. 497


  Lithomarge,


  —friable, i. 391


  —indurated, i. 392


  Liver-pyrites, ii. 261


  Liver-rock, iii. 149


  Loam, i. 302. iii. 209


  Lomonite, ii. 539


  Lydian-stone, i. 197


  M


  Magnetic ironstone, ii. 268


  Magnetic pyrites, ii. 265


  Malachite,


  —fibrous, ii. 226


  —compact, ii. 230


  Manganese-ore,


  —grey, ii. 452


  —black, ii. 400


  —red, ii. 463


  Marl,


  —indurated, i. 526


  Marl-earth, i. 525


  Meadow-ore, ii. 337


  Meionite, ii. 564


  Melanite, i. 61


  Menachine, ii. 491


  Menachinite, ii. ib.


  Menilite, ii. 536


  Meerschaum, i. 405


  Mercury, (native) ii. 113


  Mercurial horn-ore, ii. 120


  Mercurial liver-ore,


  —compact, ii. 123


  —slaty, ii. 125


  Mica, i. 341


  Mica-slate, iii. 118 to 121


  Milk-quartz, i. 149


  Mineral-oil, ii. 44


  Mineral-pitch,


  —earthy, ii. 47


  —flaggy, ii- 49


  —elastic, ii. 52


  Molybdena, ii. 465. iii. 256


  Moon-stone, i. 286


  Moor-coal, ii. 65


  Morass-ore, ii. 335


  Muller's-glass, ii. 535


  Muriacite, i. 571


  N


  Naphtha, ii. 44


  Native antimony, ii. 4


  —arsenic, ii. 409


  —bismuth, ii. 392


  —copper, ii. 178


  —gold, ii. 104


  —iron, ii. 249


  Native magnesia, or talc, i. 403


  —mercury, ii. 113


  —platina, ii. 100


  —silver, ii. 133


  —sylvan, ii. 513


  Natrolite, ii. 541


  Natron, ii. 2


  Natural amalgam,


  —fluid, ii. 117


  —solid, ii. 118


  Natural alum, ii. 27


  Epsom salt, ii. 22


  —glauber salt, ii. 24


  —lead-vitriol, ii. 376


  —nitre, ii. 7


  —rock-salt, ii. 10


  —sal ammoniac, ii. 19


  —soda, ii. 2


  —sulphur, ii. 38


  —vitriol, ii. 31


  Needle or acicular stone, ii. 599


  Needle or acicular ore, ii. 522. iii. 263


  Nephrite, i. 413


  Nickel-ochre, ii. 451


  Nigrine, ii. 499. iii. 259


  Nitre, natural, ii. 7


  O


  Obsidian, i. 265. iii, 195


  Octahedrite, ii. 493. iii. 258


  Olivine, i. 46. iii. 186


  Oliven-ore, ii. 245


  Onyx, i. 175, 177


  Opal,


  —precious, i. 246


  —common, i. 250


  —semi, i. 254


  —wood, i. 258


  Opal-jasper, i. 243


  Orpiment,


  —yellow, ii. 481. iii. 264


  —red, ii. 477. iii. ib.


  P


  Pea-ore, or pisiform ironstone, ii. 331


  Pearlstone, i. 269


  Pea-stone, i. 503


  Phosphat of copper, ii. 574


  Phosphorite, ii. 556


  Pinit, ii. 552


  Pipe-clay, i. 307


  Pistazite, ii. 530


  Pitch-coal, ii. 67. iii. 178


  Pitch-ore, ii. 505


  Pitchstone, i. 260, iii. 138, 195


  Pitchy iron-ore, ii. 569, 612


  Plasma, i. 189


  Platina, ii. 100


  Plumose antimony, ii. 423


  Polier-slate, i. 315


  Porcelain earth, i. 297


  Porcelain jasper, i. 236


  Porphyry-slate, iii. 190


  Porphyry, iii. 135


  Prase, i. 157


  Prehnite,


  —common, i. 204


  —foliated, ii. 561


  Primitive gypsum, iii. 144


  —trap, iii. 128


  —limestone, iii. 126


  —flinty-slate, iii. 143, 152


  Potstone, i. 345


  Potters'-clay, i. 303


  Pumice, iii. 196


  Pure clay, i. 294


  Pyrites,


  —arsenic, ii. 471


  —copper, ii. 193


  —iron, ii. 253


  —magnetic, ii. 265


  —tin, ii. 382


  Pyrope, i. 73


  Q


  Quartz, common, i. 152


  Quartz, milk, i. 149


  Quartz, rock, iii. 142


  R


  Reddle, ii. 317


  Rhomb-spar, i. 516


  Reniform lead-ore, ii. 577


  Reniform iron-ore, or iron-kidney, ii. 329


  Red lead-ore, ii. 370


  Rock butter, ii. 30


  —cork, i. 439


  —crystal, i. 143


  —milk, i. 471


  —salt, ii. 10, iii. 174


  —soap, i. 395


  —wood, i. 449


  Roestone, i. 480, iii. 157


  Rubellite, i. 130


  Ruby, i. 84, 89


  Rutile, ii. 495, iii. 258


  Rutilite, ii. 616, iii. 258


  S


  Sal ammoniac, ii. 19


  Salt rock, ii. 10


  Sahlite, ii. 555


  Sandstone, iii. 155 to 159


  Sandstone formations,


  —First, or old red, iii. 159, 160


  —Second, or variegated, iii. 160, 161


  —Third, iii. 161 to 163


  Sandstone in the coal formation, iii. 180


  Sandstone in the newest flœtz-trap formation, iii. 198


  Sapphire, i. 84


  Scapolite, ii. 574


  Schaalstone, i. 519


  Schaum-earth, i. 505


  Schillerstone, i. 428


  Schmelzstein, ii. 562


  Schorl,


  —common, i. 121


  —electric or tourmaline, i, 125


  Selenite, i. 567


  Serpentine,


  —common, i. 422, iii. 133, 134, 135


  —precious, i. 426


  Shell limestone, iii. 167, 168


  Silver,


  —antimonial, ii. 142


  —arsenical, ii. 145


  Silver, native, ii. 133. iii. 266


  Silver-ore,


  —black, ii. 177, iii. 268


  —red, ii. 164, iii. 267


  —white, ii. 174, iii. 268


  —corneous, ii. 148, iii. 267


  Silver-black, ii. 152, 610


  Silver-glance, ii. 155, iii. 267


  Slaggy mineral pitch, ii. 49


  Slate-coal, ii. 72, iii. 178


  Slate-clay, i. 312, iii. 180


  Slate-spar, i. 508


  Soda, natural, ii. 2


  Sommite, ii. 565


  Spargelstone, or Asparagus stone, i. 540


  Spar,


  —brown, i. 510


  —cube, i. 571


  —diamond, i. 93


  —fluor, i. 550


  —heavy, i. 577


  —rhomb, i. 516


  —slate, i. 508


  Sparry ironstone, ii. 308,


  —iii. 274


  Spinell, i. 78


  Spinthere, ii. 568


  Spodumene, ii. 563, 600


  Staurolite, or grenatite, i. 76


  Steatite, i. 418


  Stinkstone, i. 521


  Strontian, i. 398


  Sulphur,


  —common, ii. 38


  —volcanic, ii. 42


  Swamp-ore, ii. 336


  Syenite, iii. 139 to 141


  Sylvan, native, ii. 513, iii. 271


  Sylvan ore,


  —black, ii. 520


  —graphic, ii. 515


  —yellow, ii. 518


  T


  Talc,


  —earthy, i. 431


  —common, i. 433


  —indurated, i. 436


  Talc-earth, native, i. 403


  Talc-slate, iii. 123


  Tantalite, ii. 584


  Thallite or pistacite, ii. 530


  Thumerstone or aximte, i. 131


  Tile-ore,


  —earthy, ii. 215


  —indurated, ii. 216


  Tin-pyrites, ii. 382


  Tinstone, ii. 384


  Titanite, or Rutilite, ii. 616


  Titanschorl, or Rutile, ii. 495


  Topaz, i. 99


  Topaz-rock, iii. 141, 142


  Transition-rocks, iii. 145


  Trap,


  —primitive, iii. 128 to 133


  —transition, iii. 148, 149


  —flœtz, iii. 177


  —newest flœtz, iii. 185 to 206


  Trap-tuff, iii. 192, 193


  Tourmaline, i. 125


  Tremolite,


  —asbestous, i. 464


  —common, i. 466


  —glassy, i. 468


  Tripoli, i. 317


  Tungsten, ii. 484, iii. 261


  Tuff, Volcanic, iii. 214


  U


  Umber, ii. 554


  Uran-mica, ii. 508


  Uran-ochre, ii. 510


  V


  Variegated clay, i. 308


  Variegated copper-ore, ii. 189, iii. 269


  Vesuvian, i. 54


  Vitriol,


  —copper, ii. 33


  —iron, ii. 32


  —zinc, ii. 35


  Volcanoes,


  —pseudo, iii. 215, 216


  —true, iii. 216 to 221


  Volcanic-rocks, iii. 211


  W


  Wad, ii. 461


  Wacke, i. 376, iii. 189


  Wernerite, or Arcticite, ii. 548


  Whet-slate, i. 331, iii. 123


  White cobalt-ore, ii. 432, iii. 265


  White copper-ore, ii. 198


  White silver-ore, ii. 174


  Whitestone, iii. 145


  Witherite, i. 573


  Wolfram, ii. 488, iii. 261


  Woodstone, i. x66


  Wood-tin, ii. 389


  Y


  Yellow-earth, i. 397


  Yttertantalite, ii. 585


  Z


  Zeolite,


  —cubic, i. 218


  —fibrous i. 211


  —foliated, i. 216


  Zeolite, mealy, i. 209


  —radiated, 213


  Zinc-vitriol, ii. 35


  Zircon, i. 28


  Zoisite, ii. 597


  German Names


  A


  Adular, i. 286


  Agath, i. 181


  Agathjaspis, i. 242


  Akantikon, ii. 530


  Ahun, natiirlicher, ii. 27


  Alaunerde, i. 321, ii. 61


  Alaunschieser, i. 323


  —gemeiner, i. 324


  —glanzender, i. 326


  Alaunstein, i. 319


  Almandine, i. 64


  Alpenkalkstein, iii. 166


  Amalgam, natürliches, ii. 116


  —festes, ii. 117


  —halbflüfliges, ii. 118


  Amethyst, i. 136


  —dickfasriger, i. 141


  —gemeiner, i. 137


  Amianth, i. 442


  Andalusit, ii. 544


  Anhydrit, ii. 557


  Apatit, i. 536


  Arcticit, ii. 548


  Axendalit, ii. 530, iii. 259


  Arragon, i. 533, iii. 172


  Arsenik, gediegen, ii. 469


  Arsenikblüthe, ii. 483


  Arsenikkies, ii. 472


  Arsenikfilber, ii. 145


  Asbest, i. 446


  Asphalt, ii. 49


  Ausgeschwemmte gebirge, iii. 206


  Augit, i. 50


  Augit-lava, iii. 214


  Avanturin, 156


  Axinit, 131


  B


  Ballas or spinell, i. 78


  Bandjaspis, i. 233


  Basalt, i. 369, iii. 187 to 232


  Basalt-tuff, iii. 192


  Beilstein,


  Bergbutter, ii. 30


  Bergholz, i. 449


  Bergkork, i. 439


  Bergkrystal, i. 143


  Bergmilch, i. 471


  Bergpech,


  —elastiches, ii. 52


  —erdiges, ii. 47


  —schlackiges, ii. 49


  Bergseife, i. 395


  Bernstein, ii. 91, 92


  Beryll, i. no


  —edler, i. ib.


  —schörlartiger, i. 116


  Bildstein, ii. 604


  Bimstein, i. 272, iii. 196


  Bittersalz, natürliches, ii, 22


  Bitterspath, i. 516


  Bituminöser Mergelschiefer, i. 529


  Bituminöses Holz, ii. 54


  Bitter-kohle, ii. 7


  Blatter-zeolith, i. 216


  Blau Bleierz, ii. 356


  Blau Eisenerde, ii. 340


  Blende, braune, ii. 402


  —gelbe, ii. 399


  —schwarze, ii. 407


  Bleiglanz,


  —gemeineir, ii. 347


  —bleischweif, ii. 354


  Bleiniere, ii. 577


  Blei-vitxiol, ii. 376


  Bohnerz, ii. 331


  Bol, i. 399


  Bologneserspath, i, 596


  Boracit, i. 544


  Brandichieser, i. 325


  Braun-Bleierz, ii. 358


  Braun-eisenstein, ii. 296


  —dichter, ii. 300


  —fasriger, oder glaskopf, ii. 302


  —ochriger, ii; 298


  Braun-kohle, gemeiner, 62


  Braunspath, i. 510


  Braunsteinerz,


  —grau, ii. 452


  Braunsteinerz,


  —röther, ii. 463


  —schwarz, ii. 460


  Buntkupfererz, ii. 189


  C


  Canelstein, ii. 527


  Carniol, i. 178


  Ceylanith, ii. 531


  Chalcedon, i. 173


  Chiastolith, ii. 545


  Chlorit, i. 347


  —blättriger, i. 353


  —gemeiner, i. 349


  Chlorit-schiefer, i. 351


  Chlorit-erde, i. 348


  Chrom-ocker, ii. 523


  Chryolith, i. 42


  Chrysoberyll, i. 38


  Chrysopras, i. 191


  Coccolith, ii. 528


  Cœlestin, i. 602


  —blättriger, i. 603


  —fasriger, i. 605


  Columbum, ii. 582


  Conglomerat, iii. 156


  Cornish Zinerz, ii. 389


  Cyanit, i. 451


  D


  Demant, i. 1


  Demantspath, i. 93


  Dolomit, ii. 606


  E


  Eisenerde, blaue, ii. 340


  —grüne, ii. 342


  Eisenglanz,


  —gemeiner, ii. 276


  —eisenglimmer, ii. 282


  Eisenkiesel, i. 134.


  Eisenniere, ii. 329


  Eisenpecherz, ii. 569 & 612


  Eisensand, ii. 274.


  Eisenschüffig-Kupser-grün, ii. 237


  —erdiges, ii. 237


  —schlackiges, ii. 238


  Eisenthon, ii. 603


  Eisen-vitriol, ii. 32


  Erbsenstein, i. 503


  Erdbrande, iii. 215


  Erdcobalt, brauner, ii. 441


  —gelber, ii. 443


  —rother, ii. 444


  —schwarzer, ii. 438


  Erdkohle, ii. 57


  Erdöl, ii. 44


  Erdpech,


  —elastisches, ii. 52


  —erdiges, ii. 47


  —schlackiges, ii. 49


  F


  Fahlerz, ii. 201


  Fasergyps, i. 563


  Fasriger zeolith, i. 211


  Federerz, ii. 423


  Feldspath,


  —dichter, i. 276


  —gemeiner, i. 278


  —aufgelöseter, i. 283


  —frische, i. 279


  —glasiger, 11. 566


  Feurstein, i. 169


  Fischaugenstein, ii. 601


  Flœtz-gebirge, iii. 153, 154


  Flœtz-grünstein, iii. 177, 181, 193


  Flœtz-gyps, iii. 171


  Flœtzkalk-gebirge, iii. 164


  Flœtz-trapp, iii. 177


  Flussspath, i. 550


  Fraueneis, i. 567


  G


  Gadolinit, ii. 570 & 613


  Galmei, ii. 411


  Gediegen arsenik, ii. 469


  —eisen, ii. 249


  —gold, ii. 104


  —kupfer, ii 8


  —platin, ii. 100


  —quecksilber, ii. 113


  —silber, ii. 133


  —spiesglanz, ii. 415


  —sylvan, ii. 513


  —wissmuth, ii. 392


  Gelb-bleierz, ii. 373


  Gelberde, ii. 397


  Gelb-rauschgelb, ii. 481


  Glanz-cobalt, ii. 436


  Glanz-kohie, muschliehe, ii. 81


  —schiefrige, ii. 83


  Glafkops, rother, ii. 292


  —schwarzer, ii. 315


  —brauner, 11. 302


  Glaubersalz, natürliches, ii. 24


  Glimmer, i. 341


  Glimmerschiefer, iii. 118 to 121


  Gneiss, iii. 113 to 118


  Gold, ii. 104.


  Granat, edler, i. 64


  —gemeiner, i. 69


  Granatit, 1. 76


  Granit, iii. 101


  Graphit, ditchter, ii. 88


  —schuppiger, ii. 87


  Grau braunsteinen,


  —blättriches, ii. 455


  —dichtes, ii. 457


  —erdiges, ii. 158


  —strahliges, ii. 453


  Graustein, iii. 190


  Grauwacke, iii. 149


  Grobkohle, ii. 78


  Grün bleyerz, ii. 367


  Grün eisenerde, ii. 342


  Grunerde, i. 388


  Grünstein, iii. 177, 181, 193


  Guldisch gediegen silber, ii. 141


  Gyps, blättriger, i. 561


  —dichter. i. 559


  —fasriger, i. 563


  Gypserde, i. 557


  H


  Haarkies, ii. 263


  Haarsalz, ii. 29


  Halbopal, i. 254


  Heliotrop, i. 187


  Holzkohle, ii. 90


  Holzopal, i. 258


  Holzstein, i. 166


  Holzzinn, ii. 389


  Honigstein, ii. 96


  Hornblende,


  —basaltische, i. 365


  —gemeine, i. 357


  —labradorische, i. 361


  Hornblende-gestein, iii. 130


  Hornblende-schiefer, i. 363


  Hornerz, ii. 148


  Hornstein, i. 161


  Hyacynth, i. 33


  Hyalith, ii. 535


  I


  Jaspes, agyptischer, i. 230


  —gemeiner, i. 239


  Ichthyophthalmit, ii. 601


  Iserin, ii. 502


  Jura-kalkstein, iii. 167


  K


  Kalksinter, i. 499


  Kalkspath, i. 488


  Kalkstein,


  —dichter, i. 476


  —fasriger, i. 497


  —körniger. i. 484.


  Kalk-tuff, J.


  Kanelstein, vid. Canel-stein.


  Kannelkohle, ii. 7 5


  Karniol, vid. Carniol.


  Katzenauge, i. 200


  Keffikil, i. 405


  Kieselschieser, i. 194


  Klebschiefer, ii. 550


  Klingstein, i. 380


  Kobold-beschlag, ii. 445


  Kobold-blüthe, ii. 446


  Kobold-glanz, ii. 436


  Kobold-mulm, ii. 43 g


  Kochsalz (natürliches) ii. 10


  Kohlenblende, ii. 83


  Korallen-erz, ii. 126


  Kornish-zinnerz, ii. 389


  Korund, i. 90


  Kreide, i. 473


  Kreidegebirge, iii. 176


  Kreuzstein, i. 222


  Kugelfels, iii. 148


  Kupferglanz, ii. 183


  —blättricher, ii. 185


  —dichter, ii. 184


  Kupferglimmer, ii. 243


  Kupfergrün, ii. 233


  Kupferkies, ii. 193


  Kupferlazur, ii. 218


  —erdige, ii. 219


  —strahlige, ii. 220


  Kupfernickel, ii. 448


  Kupsersand, ii. 572


  Kupferschwärze, ii. 207


  Kupferschmaragd, ii. 241


  Kupser-vitriol, ii. 33


  L


  Labrador felspath, i. 290


  Lazulith, ii. 542


  Lazurstein i. 225 Lava.


  —schaumartige, i. 385


  —schlackenartige, i. 383


  Lebererz, dichtes, ii. 123


  —schiefriges, ii. 125


  Leberfels, iii. 149


  Leberkies, ii. 261


  Leim, i. 302


  Lepidolith, i. 388


  Leucit, i. 57


  Linsenerz, ii. 245


  Lomonite, ii. 539


  Lydischerstein, i. 197


  M


  Manakan, ii. 491


  Magneteisenstein,


  —gemeiner, ii. 268


  —eisensand, ii. 274


  Magnetkies, ii. 265


  Malachit, dichter, ii. 230


  —sasricher, ii. 226


  Mandelstein, iii. 194


  Marekanit, i. 265


  Meerschaum i. 405


  Mehl-zeolith, i. 209


  Meionit, ii. 564


  Melanit, i. 61


  Menilit, ii. 536


  Mergel, erdiger, i. 525


  —verhæreter, i. 526


  Milchquarz, i. 149


  Molybdän, ii. 465


  Moorkohle, ii. 65


  Morasterz, ii. 335


  Mullerisches glas, ii. 535


  Muriacit, i. 571


  Muschelkalkstein, iii. 167, 168


  N


  Nadelerz, ii. 522


  Nadelstein, ii. 599


  Nagelfluh, iii. 210


  Naphtha, ii. 44


  Natrolith, ii. 541


  Natron, gemeines, ii. 2


  —strahliges, ii. 5


  Nephrit, i. 413


  Nickelocher, ii. 451


  Nigrin, ii. 499


  O


  Obsidian, i. 265, iii. 195


  Octaedrit, ii. 493


  Olivenerz,


  —blättriches, ii. 246


  —fasriches, ii. 247


  Olivin, i. 46


  Onyx, i. 177, 175


  Opal, edler, i. 246


  —gemeiner, i. 250


  —halb, i. 254


  —holz, i. 258


  Opaljaspis, i. 243


  P


  Pecherz, ii. 505


  Pechkohle, ii. 67


  Pechstein, i. 260, iii. 195


  Perlstein, i. 269


  Pseisenthon, i. 307


  Pharmacolith, ii. 483


  Phosphoreisen, ii. 569


  Phosphorit, ii. 556


  Pinit, ii. 552


  Pistacit, ii. 530


  Plasma, i. 189


  Platin, ii. 100


  Polierschieser, i. 315


  Porcellanerde, i. 297


  Porcellanjaspis, i. 236


  Porphyr, iii. 135


  Porphyrschieser, iii. 190


  Prase m, i. 157


  Prehnit, i. 204, ii. 561


  Pyrop, i. 73


  Q


  Quartz, i. 126 to 160


  Quartzfels, iii. 142


  Quecksilber-hornerz, ii. 120


  Quecksilber-Iebererz,


  —dichtes, ii. 123


  —schiefriges, ii. 125


  R


  Raseneisenstein, ii. 334


  Rauchwacke, iii. 164, 167


  Rauschgelb,


  —gelbes, ii. 481


  —rothes, ii. 477


  Rautenspath, i. 516


  Röthil, ii. 317


  Röthe tode liegende, iii. 159


  Rubellit, i. 130


  Rubin, i. 84


  Rutil, ii. 295


  Rutilit, ii. 616


  S


  Saulenspath, 1. 594


  Sahlit, ii. 555


  Salmiak, natürlicher, ii. 19


  Salpeter, natürlicher. ii. 7


  Sandstein, iii. 155 to 159


  —älter rother, iii. 159, 160


  —bunter, iii. 160, 161


  —dritter, iii. 161 to 163


  Saphyr, i. 84


  Scapolit, ii. 547


  Schaalstein, i. 519


  Schaumerde, i. 505


  Schieferkohle, ii. 72


  Schieferspath, i. 508


  Schieferthon, i. 312


  Schillerspath, i. 428


  Schmelz stein, ii. 562


  Schmirgel, i. 96 Schorl,


  —electrischer, i. 125


  —gemeiner, i. 121


  Schrifterz, ii. 515


  Schwarz-braunsteinerz, ii. 460


  Schwarz-eisenstein, ii. 313


  Schwarz-kohle, ii. 66


  Schwefel, gemeiner, ii. 38


  —vulcanischer, ii. 42


  Schwefelkies, ii. 253


  Schwerfpath, dichter, i. 580


  —geradfchaaliger, i. 586


  —körniger, i. 582


  —krummschaliger, i. 584


  Schwerspatherde, i. 578


  Schwimmstein, ii. 552


  Seesalz, ii. 17


  Serpentin, i. 422, iii. 133


  Silber-glanz, oder Glaserz, ii. 155


  Silber-hornerz, oder Hornerz, ii. 148


  Silber-schwarze, ii. 152


  Smaragd, i. 105


  Smaragdit, ii. 605


  Sommit, ii. 565


  Spargelstein, i. 540


  Spatheisenstein, ii. 308


  Speckstein, i. 418


  Spiesskobold, grauer, ii. 434


  —weisser, ii. 432


  Spiessglanz-ochre, ii. 431


  Spiessglanz-silber, ii. 142


  Spinell, i. 78


  Spodumene, ii. 563, 600


  Stängenkohle, ii. 69


  Stauroliih, i- 76


  Steinmark, i. 391


  Steinsalz, blattriges, ii. 10


  —fasriges, ii. 12


  Steinsalz-gebirge, iii. 174


  Stinkstein, i. 521


  Strahlkies, ii. 257


  Strahlstein,


  —asbestartiger, i.. 456


  —gemeiner, i. 458


  —glasartiger, i. 462


  Strahlzeolith, i. 213


  Stronthian, i. 598


  Sumpferz, ii. 336


  Syenit, iii. 139 to 141


  Sylvan, ii. 513


  T


  Talk, erdiger, i. 431


  —gemeiner, i. 433


  —verhärteter, i. 436


  Talkerde, natürlicher, i. 403


  Talkschiefer, iii. 123


  Tantalit, ii. 584


  Thallit, ii. 530


  Thon, bunter, i. 308


  Thoneisenstein,


  —gemeiner, ii. 326


  —jaspisartiger, ii. 325


  —linsenförmig, ii. 322


  —stänglicher, ii. 320


  Thonerde, reine, i. 294


  Thonschiefer, i. 334, iii. 121, 126


  Thonstein, i. 310, iii. 197


  Thumerstein, i. 131


  Titanit, oder Rutilit, ii. 616


  Titanschorl oder Rutil, ii. 495


  Topferthn, erdiger, i. 304


  —schiefriger, i. 305


  Topaz, i. 199


  Topazfels, iii. 141, 142


  Topfstein, i. 345


  Trapp, iii. 185


  Trapp-tuff, iii. 192, 193


  Tremolith,


  —asbestärtiger, i. 464


  —gemeiner, i. 466


  —glasartiger, i. 468


  Trippel, i. 317


  Tuff, vid. Trapp-tuff.


  Tungsten, ii. 484


  Turmalin. i. 125


  U


  Üebergangsgebirge, iii. 145


  Üebergangsgyps, iii. 152


  Üebergangskalkstein, iii. 146


  Üebergangskieselschiefer,iii. 152


  Üebergangstrapp, iii. 148


  Umber, ii. 554


  Uranglimmer, ii. 508


  Uranocher, ii. 510


  Urgebirge, iii. 100


  Urgyps, iii. 144


  Urkalkstein, iii. 126


  Urkieselchiefer, iii. 143


  Urtrapp, iii. 128


  V


  Vesuvian, i. 54


  Vulcane, iii. 215 to 221


  W


  Wacke, i. 376


  Walkererde, i. 409


  Wasserblei, ii. 465


  Weissbleierz, ii. 362


  Weisserz, ii. 475


  Weissgultigerz, ii. 174


  Weisskupfererz, ii. 198


  Weissspiessglaserz, ii. 428


  Weisssylvanerz, ii. 518


  Weissstein, iii. 145


  Wernerit, ii. 548


  Wetschiefer, i. 331


  Wiesenerz, ii. 337


  Wissmuthglanz, i. 395


  Wissmuthocher, ii. 397


  Witherit, i. 573


  Wolfram, ii. 488


  Wulfererz, ii. 345


  Wurfelspath, i. 571


  Wurselzeolith, i. 218


  Y


  Yttertantalite, ii. 585


  Z


  Zechstein, iii. 167


  Zeichenschieser, i. 328


  Zeolith, blættriger, i. 216


  —fasriger, i. 211


  —mehl, i. 209


  —wurfel, i. 218


  Zielgelerz, erdies, ii. 215


  —verhärtetes, ii. 216


  Zink vitriol, ii. 35


  Zinkies, ii. 382


  Zinnober, dunkelrother, ii, 127


  —hochrother, ii. 130


  Zinstein, ii. 384


  Zircon, i. 28


  Zoisit, ii. 597
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