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	Fig. 1. The evolution of our stellar system according to the irregularnebula hypothesis Evolution proceeds from the dark, irregular nebulae through increase in internal energy, density, and velocity, to the blue stars. Thence, with decreasing internal energy, it proceeds through the yellow and red to the dark stars
	Fig. 2. The evolution of the stars according to the giant-dwarf hypothesis
	Fig. 3. Diagrammatic section from the surface of the earth to the center, showing postulated granitic, basaltic, and metallic zones The sedimentary zone, not represented in the section, is discontinuous over the surface of the earth, averaging less than one-half of a mile in thickness, and deepening locally in geosynclines to 8 or 10 miles. The granitic or gneissic zone, 10 ± miles in thickness, is probably likewise discontinuous, not being known in the middle portions of the larger oceans. It forms the larger part of each continent. The basaltic zone is postulated as continuous, rising to the surface in the large ocean basins. From a consideration of the earth’s density and the transmission of earthquake waves the basaltic zone is considered to extend, according to Williamson and Adams, to a depth of 1500 miles. Beneath this these authors postulate a metallic zone extending to the center. A metallic zone of this thickness added to the more superficial rocks of low density would give the requisite specific gravity (5.52) of the earth as a whole. The probably necessary transition zones are omitted in the section. The zone of fracture and flowage extends from the surface, where soft muds flow, through increasing depths, at which in succession flow shale, sandstone, limestone, and granite. Beneath this is the zone of flowage. All inequalities in weight are conceived as disappearing at a depth of about 75 miles; hence below this there would be slight opportunity for movement
	Fig. 4. An iron meteorite from Canyon Diablo, Arizona, showing the pitted character due to surface melting, and a section of one from Texas showing the Widmanstatten figures formed by the coarse crystallization of the nickel-iron
	Fig. 5. Origin of surface winds The Northern Hemisphere rotates eastward in the direction of the marginal arrows. A, B, etc. are meridians, N the north pole. Let arrow at a be the direction of a particle of matter (as air) moving toward the pole. When the meridian A has in the revolution of the earth advanced to the position of B, the particle, which has continued moving in a straight line, will be in the position indicated by the arrow b, parallel to a; and thus for c and d. That is, a wind moving toward the north pole is deflected to the right of its course. Similarly a wind (a' at C) in the Northern Hemisphere blowing toward the west is deflected toward the north (c' at E), while a wind blowing toward the east becomes deflected toward the south (L to N); and a wind blowing southward from the pole trends toward the east (H to J). That is, whatever its direction or height the wind is deflected to the right of its course in the Northern Hemisphere. In the Southern Hemisphere, due to the same cause, it is deflected to the left
	Fig. 6. Ideal circulation of principal winds of the earth (according to Clayton) The arrows at the side represent a vertical section through the atmosphere and indicate the dominant direction of the surface, intermediate, and upper winds. The arrows upon the face of the earth indicate the direction of prevailing surface winds. The expanded air rising above the warm equatorial regions at first moves toward the west, but it is soon deflected more and more to the right (Northern Hemisphere) and flows poleward aloft, as an intermediate current at or below the level of the highest clouds (“anti-trade”), and then probably most of it descends at about 30° to 35° latitude. The upper current shown in the figure is still somewhat hypothetical, but there is some evidence in favor of its existence (Clayton). Mainly because of the circumpolar whirl above referred to, there is a piling up of air at parallels 30° to 35°, with a consequent flowage from beneath it to the north and south. This piling up is also fed by equatorward-flowing intermediate currents at a height of five to seven miles, as is shown by observations of balloons and especially by the movements of the long, feathery, striated cirrus clouds
	Fig. 7. Diagram to illustrate the origin of moist and dry regions in mountainous districts The prevailing winds blow in the direction of the arrow; when they reach the higher altitudes in crossing a mountain range, they are cooled so that the air can hold less water vapor, which is consequently condensed and falls as rain, but upon the leeward side of the range, owing to the compression of the air in its descent, they become drying winds
	Fig. 8. United States weather map for June 1, 1924, 8 A.M. Shaded areas show regions of precipitation of .01 inch or more during the last twenty-four hours. Solid lines indicate areas of equal barometric pressure, dotted lines areas of equal temperature. Arrows point in the direction the wind is blowing. Symbols indicate: ○ clear, ◑ partly cloudy, ● cloudy, R rain, → thunderstorms at the station during the twelve hours preceding 8 A.M. Rain is near the front of the low-pressure area, cloudy weather continues westward into the high-pressure belt
	Fig. 9. Weather map for June 2, 1924, 8 A.M. The cloudy belt has progressed eastward to the coast
	Fig. 10. Ausable Chasm, New York Note the horizontal strata and the numerous vertical joints cutting them
	Fig. 11. View of Niagara Falls (Horseshoe Falls) The resistant rock (Niagara limestone) forming the top of the falls is seen at edge of Goat Island in left foreground. (Courtesy of the United States Geological Survey)
	Fig. 12. Idealized cross section of a valley during its growth from youth to old age As the river continues its downcutting the land is worn away from A to D, the old-age level, or peneplain. A, B, early and late youth; C, maturity; D, old age; f, flood plain; l, natural levees
	Fig. 13. The Mohawk Valley east of Canajoharie, New York An example of a mature region
	Fig. 14. Delaware Water Gap, Pennsylvania-New Jersey The Kittatinny Range is a ridge of much harder rocks than the ones to the south and to the north. For this reason it projects as a mountain. The top of this ridge is all that here remains of the old peneplain developed during the Mesozoic. Scale: 1 inch = 1 mile; contour interval = 2O feet)
	Fig. 15. Meanders near mouth of San Luis Obispo Creek, California, looking west across the bay In the foreground a meander has been cut off, forming an oxbow. Across the bay is San Luis Hill, leveled off by ocean waves during the Pleistocene, now elevated seven hundred feet above sea level. (Courtesy of the United States Geological Survey)
	Fig. 16. Ripple marks in sandstone formed during Cambrian times
	Fig. 17. Mud cracks
	Fig. 18. Mud cracks in Paleozoic limestone from Tennessee
	Fig. 19. Alluvial fan built out from a gully
	Fig. 20. Longitudinal section through a delta The sediment rolled along the bottom of the stream is deposited upon the edge of the steep slope forming the inclined fore-set beds (F). The material in suspension gradually settles farther out, forming the flat-lying bottom-set beds (B). As the delta is extended seaward, the coarser material is deposited upon it, forming the flat-lying top-set beds (T). Most of the delta is below sea level, extending far seaward, beyond the top-set beds
	Fig. 2l. Diagram to illustrate why pumping water from a well and consequently lowering the water level deflects the regular flow of underground water
	Fig. 22. Vertical section to show underground-water conditions The dotted lines indicate the lowering of the upper surface of the ground water (that is, the water table) from wet (W) to drought (D) conditions. During this change the lake becomes a swamp, the swamp becomes dry land, and the well goes dry. The water table rises in the hills. There is seepage at Se-Se'. A spring (S) of the ordinary type occurs at the contact of the porous sandstone and the impervious clay bed below. FS, a fissure spring; A, an artesian well
	Fig. 23. A geyser in the Yellowstone National Park
	Fig. 24. The Natural Bridge, Virginia
	Fig. 25. A sectioned geode, showing the quartz crystals within
	Fig. 26. Large concretions exposed by weathering in the late Cretaceous sandstone (Laramie) near Newcastle, Wyoming Courtesy of the United States Geological Survey
	Fig. 27. View of the front of Columbia glacier, Prince William Sound, Alaska
	Fig. 28. Diagram to illustrate movement of ice in a glacier Movement is in the direction of the arrow. A line of stakes across the glacier at 1 occupied in successive months positions 2 and 3, while the corresponding movement of the ice in depth took positions 1', 2', 3', thus indicating movement to be fastest in the middle top area, or, in the case of a curve, near the outer edge. In one case, while the surface of the glacier moved six inches, the middle moved four and a half inches and the bottom two and a half inches
	Fig. 29. View of the Rhone glacier, Switzerland Note the cirque at its head
	Fig. 30. Two small bowlders from the Pleistocene till of Massachusetts, showing glacial striae
	Fig. 31. Development of a cirque Erosion here takes place most rapidly at the bergschrund, which is the crevasse formed between the head of the glacier, composed of névé, and its rocky wall. This may vary in width from two to eighty or more feet. It is the scene of the most rapid thawing under the sun’s rays by day and of freezing by night. The melted water extends the thawing to the base of the bergschrund and, entering all rock cracks, freezes, with consequent further disruption of the rock. This freezing and the weight of the annually increasing snow force the rock fragments thus formed down the valley. Thus especially rapid erosion through plucking takes place at this point, giving rise to an amphitheaterlike hollow, the cirque
	Fig. 32. View of five cirques on the eastern face of Cascade Mountain, Alberta, Canada Note the horizontal bedding of the Paleozoic strata. (Photograph by H. W. Shimer. Courtesy of the Geological Survey of Canada)
	Fig. 33. View of Yosemite Falls (descending from a hanging valley), Yosemite Valley, California
	Fig. 34. “Knob and kettle” topography The map shows a portion of the terminal moraine which forms the backbone of Long Island. The kettles are indicated by contours with inwardly directed short lines. To the south of the moraine is the beginning of the outwash plain developed at the time of the melting of the glacier. This plain descends with a gentle slope beyond the area of the map to Jamaica Bay (a lagoon), which is bounded seaward by Rockaway Beach (a barrier beach). (United States Geological Survey sheet, Brooklyn. Scale: 1 inch = 1 mile; contour interval = 2O feet)
	Fig. 35. Perched bowlder on a glaciated rock surface, north of Bloods, Calaveras County, California Photograph by Turner. Courtesy of the United States Geological Survey
	Fig. 36. Drumlins and land-tied islands Nantasket Beach is a sand reef uniting three drumlins to one another and to the mainland to the south. The steep eastern side of Strawberry Hill shows that one half of the hill had been eroded by the ocean waves before the beach had developed. Otis Hill and the two hills at Worlds End are likewise typical drumlins. (Part of the United States Geological Survey sheet, Boston Bay and Vicinity. Scale: 1 inch = 1 mile; contour interval = 2O feet)
	Fig. 37. Sand dunes in the San Luis Valley, Colorado The sand blown by the wind moves up the gentle slope and falls over the steep edge, thus causing a forward movement of the dune in this direction. (Photograph by Siebenthal. Courtesy of the United States Geological Survey)
	Fig. 38. Map showing main ocean drifts and currents These circulate, in general, around the permanent areas of descending air currents, about 30° north and south latitude (p. 36). Their direction is modified locally by the contour of the continents
	Fig. 39. Wave-cut terrace, Winthrop, Massachusetts The waves are here cutting into the unconsolidated sediments of a drumlin, Winthrop Great Head. The bowlder-strewn terrace in the foreground, developed by this erosion, is covered by the ocean waters at high tide
	Fig. 40. Model showing development of a barrier beach and the lagoon behind it
	Fig. 41. Barrier beach and lagoon The barrier beach is straight on the ocean side, due to the alongshore currents; it is ragged on the lagoon side because of the sand blown landward from the beach. Upon the beach are numerous low sand dunes. The Metedeconk River and its tributaries are drowned streams. Such submergence of the coast is characteristic of the Atlantic shores of North America and Europe. (United States Geological Survey sheet, Asbury Park. Scale : 1 inch = 1 mile; contour interval = 10 feet)
	Fig. 42. Section of three stages in the history of a coral reef Through the successive elevations of sea level (1, 2, 3) in reference to the volcanic island the fringing reef is changed to the barrier reef and this to the coral atoll. The dotted area represents coral rock
	Fig. 43. A marble slab bending under its own weight The solid line represents the present position of the stone, the dotted line the original position. Marble slabs supported at their ends have bent downward in the middle in the course of one or two centuries
	Fig. 44. Idealized section through a volcano Lava flows, dikes, and igneous material in the conduit are in black; ash deposits seen in the cone are dotted
	Fig. 45. Model of Crater Lake, Oregon This caldera is four by six miles across and two thousand feet deep. After the formation of the caldera a renewal of volcanic activity produced the small cone (now an island) within it
	Fig. 46. Earthquake belts of the Western Hemisphere today (lined zones); present and recently extinct volcanoes (dots)
	Fig. 47. Earthquake belts of the Eastern Hemisphere today (lined zones); present and recently extinct volcanoes (dots)
	Fig. 48. Cinder cone forming summit of Mount Vesuvius A small cone of stiff lava has been built up over an opening in the side of the cone. In the foreground is a lava flow. (Photograph by Stose. Courtesy of the United States Geological Survey)
	Fig. 49. Columnar structure in basalt poured forth during the Triassic, Orange, New Jersey Photograph by J. P. Iddings. Courtesy of the United States Geological Survey
	Fig. 50. Idealized section extending through a volcanic zone The section extends through a volcano (V), dikes (D), sill (S), laccolith (L), into the upper part of the underlying batholith. It indicates also how the size of crystals depends upon the rapidity of cooling of the igneous mass. Where this molten mass comes in contact with cooler rocks solidification is rapid and hence the crystals are small, since they have only a short time for growth. Lava flows are in black. Vertical distance, 5 miles; horizontal, 10 miles
	Fig. 51. A volcanic neck in the Mount Taylor region of New Mexico The horizontal rocks in the foreground of the neck are undisturbed Cretaceous sediments. (Photograph by D. W. Johnson)
	Fig. 52. A diagrammatic section of the volcanic neck and neighboring mesa shown in Fig. 51 The igneous rock is in black. The portions eroded (volcano, lava flow, upper part of neck, and strata) are shown in dotted lines
	Fig. 53. Pikes Peak, seen from Mount Crest Crags, Colorado The Peak is carved out of a granite batholith of pre-Cambrian age. (Photograph by courtesy of the United States Forest Service)
	Fig. 54. Views showing texture in igneous rocks The granite (at left) shows coarse texture; that is, large crystals, indicating very slow cooling. The obsidian, or natural glass (at right), has no crystals, indicating very rapid cooling at the surface of the earth
	Fig. 55. A fault AD, fault line in depth along which the coal bed 1' has slipped from its continuation with 1; AF, fault line at surface of the earth; AC, length of slip; AB, the throw, or vertical separation of 1 and 1'
	Fig. 56. Train overturned by the earthquake of April 18, 1906, Marin County, California The earth movement was horizontal. (Photograph by Gilbert. Courtesy of the United States Geological Survey)
	Fig. 57. A small anticline in slate Note the thinning of the laminæ on the limbs (sides) of the anticline, where occurred the greatest pressure producing the fold. (Specimen one foot high)
	Fig. 58. A syncline and an anticline developed in Triassic rocks, Cook’s Inlet, Alaska Photograph by T. W. Stanton. Courtesy of the United States Geological Survey
	Fig. 59. Ideal section through a geosyncline and bordering area A and B represent two earth columns, each two hundred miles wide, extending from the surface to a depth of seventy-five miles. The surface of A is a region of erosion; that of B, the geosyncline, is a basin of deposition. The direction of stress movements in B and A is indicated by arrows. Note the steeper dip of the geosyncline next the old land and the rise of the curve of equal plasticity (dotted line) at the junction of the two columns
	Fig. 60. Model of a graben The central block has slipped downward
	Fig. 61. Vertical cross section through the Rhine Valley, which shows the Rhine Graben a-b represents the present surface of the land, the strata above having been removed by erosion since the development of the graben in the mid-Tertiary. (Modified from Schmidt)
	Fig. 62. View showing cleavage in slate, Bangor, Pennsylvania The mud now forming this slate was laid down in the ocean during the Ordovician and metamorphosed into slate during the folding of the Appalachian Mountains in the Permian
	Fig. 63. The cycle of rocks
	Fig. 64. Bluish hydraulic limestone of Devonian age, found near Milwaukee, Wisconsin This is used for making natural cement. The beds are still horizontal as when laid down, but vertical joints have since developed. Such horizontal bedding is characteristic of the interior plains of North America. (Photograph by Alden. Courtesy of the United States Geological Survey)
	Fig. 65. Derricks over petroleum wells in the Coalinga district of southern California Petroleum wells are sunk in the same manner as artesian wells. (Courtesy of the United States Geological Survey)
	Fig. 66. Eight-foot coal seam including two clay layers in its lower portion, near Glendive, Montana Photograph by Campbell. Courtesy of the United States Geological Survey
	Fig. 67. A characteristic view of Dismal Swamp, Virginia, showing the typical vegetation, including cypress trees Photograph by Russell. Courtesy of the United States Geological Survey
	Fig. 68. Lake Drummond in the central part of Dismal Swamp, southeastern Virginia Note the cypress trees growing within it and their abruptly expanded base. (Photograph by Russell. Courtesy of the United States Geological Survey)
	Fig. 69. Carboniferous cannel coal enlarged five hundred diameters The numerous white flattened oval bodies are spores and the remaining, darker bodies are highly carbonized microscopic particles of wood. (Photograph by E. C. Jeffrey)
	Fig. 70. Stratification A, two strata, each made up of many laminae. B, one lamina enlarged; this represents the deposit due to one great storm or, more usually (in the ocean), to the restirring of the mud upon the floor by exceptionally strong storm winds. Thus, because of a decrease in the strength of waves or currents, many years may elapse between the formation of successive laminae. The close of one stratum indicates some radical change, such as a shifting of currents, the rise or fall of the deposition area, etc.
	Fig. 71. Section of a small silicified tree, showing the original growth rings As a molecule of the wood (in the gaseous state) was removed, the percolating waters deposited a molecule of silica in its place
	Fig. 72. View of two carbonized organisms The frond of the Pennsylvanian seed-fern, Pecopteris, from Pennsylvania; an Eocene fresh-water fish, Mioplosus, from Green River, southwestern Wyoming
	Fig. 73. Footprints At the right are modern bird tracks in the mud of the Bay of Fundy; at the left is a reptile track (in reverse) in the Triassic muds of the Connecticut River valley
	Fig. 74. The probability that an organism will become a fossil varies with its habitat Few of the animals or plants living in the area of erosion could be preserved. A very few would find lodgment in the temporary lakes; still fewer would be carried by the streams to the ocean. The organisms living upon the floor of the shallow ocean would stand the best chance of survival
	Fig. 75. Carnivorous teeth Front and side views of two teeth of the huge Eocene shark, Carcharodon megalodon Fig. 76. Herbivorous teeth At the left a single tooth (eight inches long) of the mastodon from South Carolina. At the right a single tooth (six inches long) of a true elephant (Elephas) from South Carolina. Both these elephants were very abundant throughout North America during the Pleistocene
	Fig. 77. Time intervals unrecorded by any deposits Length of section, one mile; all strata marine. At a is an unconformity between the Ordovician and the Devonian strata. This records the upheaval of the Ordovician strata into a mountain, its erosion to a plain, and the incoming of the seas in Devonian time. At b is a disconformity; the strata above and below are conformable, but those of Mississippian time are missing, as is indicated by the resting of the fossil-bearing Pennsylvanian rocks directly upon those of Devonian age. Strata of the Mississippian either were not deposited here or, if deposited, had been eroded before the deposition of the Pennsylvanian
	Fig. 78. Idealized east-west section through eastern North America at the beginning of the Paleozoic The contorted gneisses and schists of the Archeozoic (Archean) are penetrated and partly absorbed by the later granites. The geosyncline (C) was apparently due to the downsinking of the heavy sediment beneath the Atlantic Ocean (A), with the consequent westward pressure of the Appalachian land mass (B). Erosion of this repeatedly elevated land mass throughout the Paleozoic kept the sinking trough (C) filled. At the close of the Paleozoic a much greater depression of A crumpled up the sediments within the geosyncline into the Appalachian Mountains. D is the eastern edge of the more stable interior land mass
	Fig. 79. View showing an uneroded remnant of Paleozoic rocks resting upon the pre-Cambrian Pikes Peak granite, Perry Park, Colorado The cliff shows Cambrian (Sawatch) white sandstone at the base resting upon the pre-Cambrian granite, followed above by the Mississippian (Millsap) thin-bedded limestone and capped by the white Pennsylvanian Fountain formation. The granite batholith was intruded into pre-Cambrian rocks late in the Proterozoic time. The region was then elevated and eroded so as to expose the coarse-grained granite before the incursion of ocean waters in late Cambrian times. The Mississippian beds rest immediately upon the Cambrian with similar dip; they are hence disconformable to them, for a long time element is missing (Fig. 77). (Photograph by G. B. Richardson. Courtesy of the United States Geological Survey)
	Fig. 80. Generalized east-west cross section of North America during the Paleozoic The present margins of the Pacific and the Atlantic oceans are at M. The extent to which the ancient highlands of Cascadia and Appalachia reached beyond the present margins of the continent is unknown. These highlands were bordered upon their inner sides by geosynclines in which accumulated the thickest deposits of Paleozoic sediments known in North America. A lowland plain extending from the Arctic Ocean to southern United States occupied the medial portion of the continent. This was at times covered by shallow ocean waters, as shown by the thin, mostly calcareous deposits. The arrows indicate the direction of the movement of the material deep within the earth to maintain isostatic equilibrium during the deposition of thousands of feet of sediment in the geosynclines
	Fig. 81. Evidence of current action in eastern New York during the Ordovician Each light-colored line is the carbonized remnant of a colony of graptolites (coelenterates allied to the jellyfish). Through hundreds of feet of rock these are arranged in parallel rows always pointing in the same direction for any particular locality. Only a gentle current moving always in the same direction could produce this arrangement. The direction of the graptolites (and hence the direction of this Ordovician ocean current) is south by southwest at Schenectady, southwest at Little Falls, and almost west at Utica, due, according to Ruedemann, to the fact that the ancient Greenland current moved south and west around the Adirondack land mass
	Fig. 82. Section at Becraft Mountain, Columbia County, eastern New York The Ordovician shales dip about 40° E., the Silurian and Devonian limestones and shales about 10° E.; hence there is an unconformity between the two. All beds are fossil-bearing and marine
	Fig. 83. North-south section through New York State This extends from the Pennsylvania-New York State line through Niagara Falls (at Niagara escarpment) to the Laurentian plateau in Canada. (Courtesy of the United States Geological Survey)
	Fig. 84. A portion of the ocean floor in Indiana during the Devonian Upon the lime mud of this ancient sea bottom lived many cup corals, some brachiopods, and a honeycomb coral (“fossil wasp nest”). After the death of these individuals their skeletons were gradually covered by the drifting muds
	Fig. 85. Restoration of the marine life of the early Devonian At the left is the crinoid Scytalocrinus, beneath it the spinose trilobite Terataspis. In the center the cephalopod Rhyticeras is feeding on the trilobite Homalonotus. To the right are two other trilobites. In the background are seaweeds. (Courtesy of the New York State Museum)
	Fig. 86. Steep upturn in the rocks of the Front Range of the Bighorn Mountains west of Buffalo, Wyoming The beds in the middle and at the right are marine, of Pennsylvanian age. The massive limestones of the Madison formation shown to the left and in the high peak are also marine but of Mississippian age (Kinderhook). (Photograph by N. H. Darton. Courtesy of the United States Geological Survey)
	Fig. 87. View in the National Fossil Forest, Adamana, Arizona This shows the largest tree in the petrified forest; only a portion of the tree is exposed and this is over one hundred feet long. Other petrified logs and the coarse sandstone from which they have been weathered (and which formerly extended to a great thickness over all this region) are seen in the background. (Courtesy of the United States Forest Service)
	Fig. 88. Mesozoic formations east of Newcastle, Wyoming The massive bed in the middle of the slope is Jurassic sandstone (Sundance formation). The summit of the hill is composed of Lower Cretaceous shales (Morrison formation). The hard, white bed near the base of the section is gypsum at the top of the Spearfish formation (Triassic?). (Photograph by N. H. Darton. Courtesy of the United States Geological Survey)
	Fig. 89. The Appalachian region during the Upper Cretaceous (generalized for eastern Pennsylvania)
	Fig. 90. Bird’s-eye view of the same portion of the Appalachian region (shown in Fig. 89) as it is today
	Fig. 91. Delaware Water Gap, looking north The surface of the Kittatinny Range in the background is a remnant of the peneplain developed in the Appalachian region during the Mesozoic era. This Cretaceous peneplain was raised about 1500 feet at the close of the Mesozoic. During the Tertiary the softer rocks were eroded, leaving the harder rocks, such as those forming the Kittatinny Range, projecting above the general level. This lower level is the Tertiary partial peneplain, seen in the foreground as a terrace upon each side of the present valley. At the close of the Pliocene the whole Appalachian region was raised about 500 feet; since that time the Delaware River has carved its present valley toward the production of a new peneplain at this level
	Fig. 93. Generalized bird’s-eye view from the Rocky Mountains in Colorado eastward, as it is today
	Fig. 92. The interior sea of North America during the Cretaceous (this is the region shown in Fig. 93)
	Fig. 94. Rock symbols Combinations of these symbols indicate combinations of rock material, as sandy shales and shaly limestone
	Fig. 95. East-west section southeast of Trenton, New Jersey This is a characteristic section of the coastal region of eastern North America illustrating the submergence of the old land of Appalachia during the Upper Cretaceous. (After F. Bascom)
	Fig. 96. Typical cliffs and talus of the massive Dakota sandstone (Upper Cretaceous), east of Newcastle, Wyoming Photograph by N. H. Darton. Courtesy of the United States Geological Survey
	Fig. 97. Life of the great interior sea that separated North America into an eastern and a western continent during the Upper Cretaceous The mosasaur Clidastes is represented catching a squid (Belemnites); the wingless, toothed bird Hesperornis is diving for fish; swimming at the surface is the plesiosaur Elasmosaurus; in the air are flying reptiles (Pteranodon)
	Fig. 98. Late Cretaceous and Tertiary folding East-west section across the highest part of the great anticline forming the Bighorn Mountains, showing amount of erosion. This great anticline, raised at different times during the Tertiary (especially Paleocene and Miocene-Pliocene) to a total height of about 25,000 feet, extends from southern Montana 125 miles southeast to central Wyoming. It brought up the Paleozoic and Mesozoic formations with a central nucleus of pre-Cambrian granites, from which the sediments dip away on either side, showing the extent of erosion of uplift. The faulting is not shown. (Vertical and horizontal scales: 1 inch = lO miles.) (Cross section by N. H. Darton. Courtesy of the United States Geological Survey)
	Fig. 99. Late Cretaceous and Tertiary folding View (northwest of Buffalo, Wyoming) of the eastern limb of the great anticline forming the Bighorn Mountains. The relation of the beds is seen in the key section at the base. The granite is of pre-Cambrian age, the Deadwood formation is Cambrian, the Bighorn formation is Ordovician, and the Piney formation (east of the fault) is Upper Cretaceous. (Photograph by N. H. Darton. Courtesy of the United States Geological Survey)
	Fig. 100. Gold Hill fault near Bisbee, Arizona Here, sometime after the Cretaceous, an overthrust of about two miles brought the Paleozoic limestones from the southwest up over the Lower Cretaceous. Note key section at base. (Photograph by F. L. Ransome. Courtesy of the United States Geological Survey)
	Fig. 101. Generalized section across the North America of today at parallel 40°. The Paleozoic, Mesozoic, and Cenozoic sediments (with a vertical exaggeration of 30 over the horizontal scale) are shown resting upon
	the undifferentiated pre-Cambrian and deeper rocks of the earth. They descend into such deep synclines as the Appalachian, disappear entirely in the southern Rocky Mountains, and are greatly faulted farther west
	Fig. 102. View of West Spanish Peak from the northwest From the region of this peak (the center of eruption) dikes radiate in all directions. In the foreground are shown one large dike and smaller ones. Horizontal Eocene strata outcrop on the middle slopes of the mountain. Successive eruptions and intrusions of igneous rocks took place here from late Eocene almost to the present. (Photograph by Stose. Courtesy of the United States Geological Survey)
	Fig. 103. A fossil tree trunk of the Miocene This five-foot, high fossil trunk is seen in its place of growth beside a tree growing today. The tree was buried during the Tertiary by coarse volcanic ash, remnants of which are seen in the background. Its wood was replaced with silica from the ash. Since the Pliocene uplift a stream has cut through the ash, exposing these silicified old tree stumps at the sides of the valley. (Photograph by J. L. Gillson)
	Fig. 104. View of lower Miocene beds Gering formation, forming cliffs in the background, resting upon Oligocene (Brule) clays. In both formations occur fossil remains of animals living during those times,— primitive horses, rhinoceroses, and giant pigs. View northeast of Redington, Nebraska. (Photograph by N. H. Darton. Courtesy of the United States Geological Survey)
	Fig. 105. The Grand Canyon of the Colorado River from near Mojave Point View looking north at the edge of the Kaibab Plateau, showing at the base the river cutting a very narrow canyon into the hard Archeozoic granite. Above this are seen the horizontal Paleozoic sediments. (Courtesy of the United States Geological Survey)
	Fig. 106. Ideal section northward through the Grand Canyon of the Colorado River The river is now cutting at a depth of about one vertical mile below the bounding plateaus and almost three miles below the surface of the upper Eocene
	Fig. 107. View of the southeastern point of Vermilion Cliffs, Arizona This shows the horizontal strata north of the Colorado Grand Canyon which formerly extended over it but are now eroded back to northern Arizona and southern Utah. (Photograph by H. W. Shimer)
	Fig. 108. East-west section through the Hurricane fault, south of Virgin River After the region had been worn down to the plain b-b and widespread lavas (marked by v’s) had spread over portions of it the area to the west (right) was dropped down some distance. Upon this new level, after some erosion and deposition (marked by o’s), lavas flowed (marked by x’s). Subsequently the western portion was again depressed to the present position. (After D. W. Johnson)
	Fig. 109. The volcano Mount Shasta in northern California This was built up during the Pliocene and Pleistocene
	Fig. 110. A block of limestone from Egypt made up entirely of shells of the protozoön Nummulites
	Fig. 111. View of the Rhine gorge at Kaub The Gutenfels Castle is shown at the left and the fourteenth-century building (Pfalz) on a rock in midstream. The level late Tertiary peneplain in which the gorge was cut is seen in the even sky line
	Fig. 112. Glaciers during the Pleistocene
	Fig. 113. Seasonal stratification in Pleistocene fluvio-glacial clays, Connecticut valley The light-colored layers were laid down during summer, the darker ones during winter; the two layers deposited during one year constitute a varve. The white bands in the specimen average three-eighths inch in thickness. Counting these layers DeGeer has determined that it took 12,000 years for the glaciers to melt back from southern Sweden to the present small ice caps in north central Sweden. Antevs has reckoned 4100 years for the retreat of the glaciers from Hartford, Connecticut, to northern Vermont (St. Johnsbury)
	Fig. 114. Pleistocene life of North America Only a few of the larger forms are noted: a, mastodon; b, giant ground sloth; c, Texas horse; d, Columbian elephant; e, saber-toothed tiger; f, northern mammoth. (Figures redrawn from Osborn and Scott)
	Fig. 115. Trend lines of folding and foliation in pre-Cambrian rocks The ancient continents of America and Eurasia here shown were united into one continent, Eria, during most of the time succeeding the pre-Cambrian. Between this continent and Gondwana extended the mediterranean sea of Tethys
	Fig. 116. Diagram showing the increase in prominence of the sporophyte stage of plant life from the algae to the higher seed plants The gametophyte stage of the various forms is below the line a-b, the sporophyte stage above it. The size of the plants in the diagram bears no relation to their size in nature. A, the marine alga Laminaria saccharina, called the devil’s apron; B, the very common liverwort Marchantia polymorpha; C, the hair-cap moss Polytrichum commune; D, a very young sensitive fern, Onoclea sensibilis; E, the elm tree, Ulmus americanus. Among the bryophytes (B and C) the gametophyte is the prominent stage. This is the common liverwort or moss plant which bears the sporophyte; this latter remains attached to and dependent upon the gametophyte throughout its whole existence. In the pteridophytes (D) the sporophyte is the prominent, common, leafy fern plant which has become independent of the gametophyte; the latter is the two-lobed prothallus which, though independent of the sporophyte, is tiny and short-lived. In the spermatophytes (E) the gametophyte stage has become so reduced that its whole existence is passed invisibly, within and dependent upon the sporophyte. (See Fig. 120.) (Courtesy of The Macmillan Company)
	Fig. 117. The Pennsylvanian tree horsetail, Calamites, and the modern common horsetail, Equisetum arvense
	Fig. 118. Club mosses The fossil club moss Sigillaria (one foot in diameter), abundant throughout the world during the Carboniferous time, and the modern club moss Lycopodium. Upon the latter there is a single sporebearing club at the top; this gives the common name to the group
	Fig. 119. Restoration of a cycadeoid flower Two views of a glass model of the flower of a Mesozoic cycadeoid. Note the central seedbearing cone surrounded by stamens, each of which has the form of a pinnate fern frond. Outside the stamens (making up most of the flower) are bracts corresponding in position to petals and sepals. In the view below the bracts have been removed. (From the Field Museum, Chicago, model by Dahlgren; based upon dissections by Wieland)
	Fig. 120. Gametophyte stage of the elm, enlarged The gametophyte stage, corresponding to the entire liverwort plant, is passed entirely within the pollen grain and ovule of the mature angiosperm plant, the sporophyte. The prothallus of the pollen grain consists of three cells as shown; that of the ovule consists of several cells (not shown in the figure). The cell resulting from the union of a cell from the pollen grain and of one from the ovule grows rapidly into the seed, the beginning of the sporophyte stage. P, pollen grain with its single included nucleus; P', the same at a later stage with three nuclei; P'', the same lodged upon the sticky stigma, with the tube cell already within the ovule; t.c., tube cell. (See Fig. 116.) (Courtesy of the Macmillan Company)
	Fig. 121. Freely moving echinoderms a, the modern starfish Asterias, from Long Island Sound; b, a fossil starfish from the Devonian of Germany; c, the modern sea urchin Strongylocentrotus, from the Maine coast (spines removed from part of the shell); d, the fossil sea urchin Cidaris, from the Jurassic of England. (Scale: Cidaris (d) is one inch high)
	Fig. 122. Fossil representatives of the marine Molluscoidea At the left, a rock made up entirely of shells, brachiopods, Dalmanella testudinaria, and a few twiglike bryozoans, from the Ordovician of Ohio; at the right, the brachiopod Spirifer, from New York; in the center, a bryozoan from the Ordovician of Indiana. (Scale: the rock mass at the left is three inches high)
	Fig. 123. Marine representatives of the three lower classes of mollusks a, surface view of the chiton. This representative of the most primitive class of mollusks still retains superficial affinities with the worms, b, the sectioned shell of a pelecypod, the quahog (Venus), showing the anterior muscle, c, the pelecypod Pterinea flabella, abundant in the Devonian seas of New York and elsewhere. d, e, the shell of the gastropod Busycon canaliculatus, entire and sectioned. The soft parts of the animal occupied the entire shell. (Scale: the chiton (a) is two inches long)
	Fig. 124. Cephalopods, all ocean dwellers a is the straight-shelled Orthoceras living during the Ordovician times in Ohio. The living chamber is above. Note the straight sutures below. The long, gradually tapering lower part of the shell is not preserved. b is the chambered nautilus (sectioned) living off the Pacific coasts of North America and Asia. Note the large living chamber and the unused portion of shell partitioned off by successive lime plates, c is a section of the Jurassic ammonite Parkinsonia, from England. The living chamber has been broken off. The median whorls and a portion of the outer whorl were filled with mud before the sediment became solidified. The chambers of the remainder are in fact separate geodes, partially filled with crystals of lime carbonate, d is the ammonite Scaphites, from Dakota. This was common in the ocean waters covering the interior of North America and its Atlantic shores during the Upper Cretaceous, e is the straight-shelled ammonite Baculites, from Montana, coextensive with Scaphites. Since the surface shell has disappeared, the fernlike sutures are seen between the mud filling; these sutures are merely the edges of the internal partitions. f, the cigar-shaped shell in the center, is the internal skeleton of the Mesozoic squid Belemnites densus, from the Jurassic seas of western North America. The specimen is from Wyoming. (Scale: the specimen of Baculites (e) is four inches long)
	Fig. 125. Arthropods At the left, a trilobite, Isotelus gigas, from New York. It was common in the ocean waters covering much of North America during the Ordovician times. In the middle, the fresh-water or brackish-water Eurypterus, from New York, a mud-grubber of the Silurian time. At the right, the modern horseshoe crab, Limulus, from the Atlantic shores of North America. (Scale: the trilobite is four inches long)
	Fig. 126. Stenodictya A primitive insect from the Pennsylvanian period belonging to the Paleodietyoptera order. The two well-developed wings have a very generalized venation. There is a small extra pair of wings on the prothorax and all the abdominal segments have lateral winglike outpushings, as if all appendages had started with winglike outgrowths but evolutionary laws had selected for survival two anterior pairs. (After Handlirsch from Tothill)
	Fig. 127. The evolution of fins a and b represent the probable development of fins as originally balancing organs. In a, the more primitive, there is a continuous fin fold upon each side of the body and a continuous dorsal fold, b shows the fin fold broken up into distinct fins. Such an origin of fins is apparently supported by the wonderfully preserved shark Cladoselache fyleri, c, from the Devonian rocks of Ohio. Compare a and c. (a and b are from H. W. Shimer, through the courtesy of The Macmillan Company; c, from B. Dean)
	Fig. 128. Pectoral fin of the crossopterygian fish Sauripterus taylori, from upper Devonian rocks Cv., clavicle; H., humerus; R., radius; Sc., scapula; U., ulna. In higher vertebrates, as cat or man, the clavicle is the collar bone; the scapula, the shoulder blade; the humerus, the upper-arm bone; the radius and the ulna, the bones of the forearm. (After W. K. Gregory)
	Fig. 129. Radiation of the primitive groups of reptiles Of the dinosaurs, the herbivorous are represented by the Lower Cretaceous Stegosaurus; the carnivorous, by the Upper Cretaceous Tyrannosaurus
	Fig. 130. Dinosaur eggs from Mongolia The eggs are seen weathering from the base of a cliff. (Photograph through the courtesy of the American Museum of Natural History)
	Fig. 131. Ichthyosaur bones from the Jurassic rocks of England At the right, a single vertebra of the backbone, four inches across; at the left, section through four vertebrae of the backbone inclosed in rock; the cavities between the double concave vertebrae were filled during life with remnants of the notochord. The smooth pebble (two inches long) in the center is one of the gizzard stones used by some ancient reptile (of land or water) as an aid to grinding his food fine; the specimen is from the Lower Cretaceous of Wyoming
	Fig. 132. The probable evolution of the elephant A single tooth and the corresponding skull are shown in each case. (From Scott after Lull, modified by Sinclair)
	Fig. 133. The evolution of the horse (drawn to scale) Note movement of eye backwards (hence increase in length of face), decrease in number of toes upon both fore and hind feet, and increase in height of teeth accompanied by the infolding of cement between the enamel ridges. (From W. D. Matthew)
	Fig. 134. Principal stages in the evolution of the fore foot of the horse, showing increase in size of the third, or middle, digit and gradual disappearance of the side digits From right to left: the four-toed Eohippus of the Eocene, the early three-toed Mesohippus of the Oligocene, the later three-toed Merychippus of the Miocene, and the one-toed Equus of the Pleistocene and present. All are outside views showing the middle and outer digits of the fore foot. In Eohippus the two outer toes (digits 4 and 5) are complete. In Mesohippus digit 5 is reduced to a small splint and digit 4 is notably smaller than the middle digit. In Merychippus digit 5 is a tiny nodule of bone and digit 4 has become very slender in comparison with the middle digit. In Equus digit 4 is reduced to a long splint, while of the fifth digit no trace remains. (From W. D. Matthew)
	Fig. 135. Diagram to illustrate the initial division of the life force into plants and animals and its repeated further branching into progressively higher and higher phyla. Only six of the twelve phyla of animals are represented
	Fig. 136. Succession of primitively aquatic, amphibious, and terrestrial plants and animals Of plants, the aquatic include algae, the amphibious comprise liverworts, mosses, ferns, horsetails, and club mosses, and the terrestrial, seed-ferns, conifers, and flowering plants. Of animals, the aquatic comprise fish and all invertebrates except some such high groups as insects; the amphibious include salamanders, frogs, and toads; and the terrestrial, reptiles, birds, and mammals. Some of the terrestrial forms of both plants and animals may take secondarily to an aquatic life, but evidence of their terrestrial ancestry is always preserved, as, for example, lungs in whales and true seeds in the water lily
	Fig. 137. The increasing complexity of life Showing the gradual incoming of successively higher groups of animals and plants
	Fig. 138. Illustrative examples of the life waves shown in Fig. 137 arranged in the order of their appearance upon earth
	Fig. 139. Parallelism between earth waves and life waves Accompanying exceptionally great physical changes in the surface of the earth old groups of plants and animals become extinct and new groups evolve. Only the most important of the mountain-making periods and the many incomings and withdrawals of the ocean waters are noted in the curves of A
	Fig. 140. Examples of typical life forms of successive eras to illustrate the life waves in Fig. 139 a, top view of the Ordovician trilobite Isotelus gigas, three inches long; b, side view of the Mississippian blastoid Pentremites godoni, two inches high; c, the Devonian lungfish Dipterus, eight inches long; d, the carnivorous dinosaur Anchisaurus, six feet long, from the Triassic; e, the ammonite Scaphites, three inches high, abundant in the Cretaceous seas of North America; f, the Mesozoic squid Belemnites, one foot long; g, the four-toed horse Eohippus, one foot high, of the Eocene of North America; h, the butterfly Prodryas, from the Miocene of Florissant, Colorado
	Fig. 141. Diagram to show the changing relation of the functions of protection and support in the development of the skeleton from the Archeozoic to the present
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