The Geological Record


An Overview of the Geologic Record

By Richard Burky, PhD, 1990

"You can prove anything from the Bible" may seem to be true to someone who is vaguely acquainted with the Bible. Such a person may have heard quotes taken out of context that seem to give contradictory facts and advice. When a person understands the clear meaning and purpose of the Bible, however, such a statement becomes ridiculous.

Similar statements may be made about the geologic record. A person vaguely familiar with it may feel it presents information that may be interpreted however one chooses. This is not the case. There may be things difficult to understand in the geologic record, just as there are in the Bible. However, as with the Bible, when one has a sound basic understanding, the overall meaning is simple, clear and consistent. It is not subject to multiple or contrasting meanings.

Does a complete geologic record occur anywhere?

A previous article showed that the internal evidence of many strata discussed the evidence that showed they were neither deposited rapidly nor under worldwide flood conditions. In this article our primary goal is to give a tangible overview of what the geologic record is like.

Creationists who believe the earth is very young often raise the issue that a complete geologic record doesn't exist anywhere on earth. They imply that the existence of long periods of geologic time is a fabrication made by piecing together concurrent geologic events from many different geographic areas. This conclusion can be misleading to people not familiar with the geologic record.

Technically, a complete geologic record doesn't occur anywhere. For such a record to develop would require the area to have been receiving sedimentary deposits continually ever since the origin of the earth. Nowhere is such a situation known to exist. If it did exist, we could not effectively look at the strata because they would still be buried, and modern strata would continue to be deposited on top of them.

The earth's surface has been far too dynamic to allow that to occur anywhere. No area has been in such a static condition throughout the earth's long history. Areas that have had sediment deposited on them at one time are later uplifted and eroded. In some places this has occurred many times. There is ample evidence to prove such a sequence of events.

We have to take the geologic record as it is, not as we wish it might be. As with the Bible, we may wish certain things were plainer and more specific, but we have to work with what exists, not what we wish were available. In spite of any drawbacks, however, a good understanding of the history of the earth and fossil life forms can be obtained from the geologic record.

The purpose of this article is to give a simple and clear overview of the geologic record. The best way to do this is to examine a unique area in the western United States where an extensive record of the earth's geologic history can be observed. It's not 100 percent complete, but it is probably without equal in the rest of the world for our purpose.

All four major geologic time divisions (Precambrian, Paleozoic, Mesozoic and Cenozoic) are represented here in clear superposition order. Each division is represented by great thicknesses of strata. The area is like a giant layer cake. The relative age of each of the stratified layers — their age in relation to one another — is absolutely certain. Most of the layers contain fossils that allow us to identify the type of animal life living when the layer was deposited.

The Colorado Plateau

The area we will examine is known to geographers and geologists as the Colorado Plateau. [Map available at http://www.epa.gov/docs/ecoplaces/part1/site4.html] The area has been fairly stable for long periods of time. It has been near or below sea level for long periods. Because it was low, it was able to receive sediments from higher areas around it. This allowed an extensive geologic record to be deposited and preserved. More recently (geologically speaking) the area has been lifted. Because of its current high elevation, it is eroding rapidly. The erosion strips away overlying material and allows us to see what lies below.

The magnitude of the record found in this area is phenomenal. It contains miles of strata that were deposited before there were abundant living organisms on earth. More miles of strata record the time when primitive living organisms were first abundant. Later times of the dinosaurs are represented by more than two miles of strata. The times of the mammals, after the demise of the dinosaurs, are also represented by more than two miles of strata.

A cross section of the Colorado Plateau strata

If we were to cut the strata of the Colorado Plateau as if we were cutting a giant layer cake, we would obtain a cross section. [There is a graphic available at http://www.kaibab.org/gc/geology/gc_stair.htm] Some of the strata are so extensive that they can be traced over the whole area and even into regions beyond the Colorado Plateau. Others cover only portions of the area. Those that cover the whole area give a solid time marker for comparisons when the other strata were deposited. By using these, we can tell the sequence of the strata shown in the diagram.

The strata are systematically laid out and show clearly the sequence of deposition. The important thing is to fix in mind the simplicity of determining the sequence of events. Lower strata are always older, having been deposited before the overlying ones. Exactly how old they are and how much time passed between their periods of deposition must be determined by other means.

Some strata at the bottom of the Grand Canyon are tilted. These strata (nearly two miles thick) were not deposited in their current inclined position. Strata are normally deposited horizontally. In this example, significant earth movements took place after deposition to uplift and tilt the strata. After that, tremendous amounts of material were eroded away before the next layers were deposited.

The strata lying on the flank of the Uinta Mountains reveal when the Uinta Mountains were raised. It is possible to tell which strata were deposited before the uplift of the mountains and which strata were deposited after their primary period of uplift.

We know the mountains were uplifted after, or near the end of, the time the dinosaurs lived. How do we know? The strata containing dinosaur remains are strongly bent by the upward movement of the mountains, while overlying strata are deformed very little.

An additional fact supporting this conclusion is that some of the overlying strata were formed by material eroded from the older strata and from material that forms the heart of the mountains themselves. This would not have been exposed until erosion had removed a considerable amount of strata from the top of the uplifted mountains.

The geologic time periods of the strata

The key concept to understand is that the geologic time periods are not arbitrary ideas. If they were incorrect concepts, a scientist could easily make a name for himself by studying this area and revealing any problems and inconsistencies. But such gross inconsistencies don't exist.

The fossils found here fit the worldwide pattern and framework. Where to place the exact boundary between each of the time periods can be a matter for continued discussion among geologists, but the broad, general pattern is clear and consistent.

The fossils found in these strata will be the subject of a future article. They are a vital part of the geologic record and of our understanding of it.

The geologic column

Erosion or lack of deposition in part of an area may prevent a full complement of strata from occurring at any one location. However, strata whose superposition and/or relative ages can be clearly proven may be correlated and stacked one on top of the other to create a geologic column. This is done for clarity, efficiency and convenience. It is much easier to illustrate and discuss the strata in this manner.

However, if one is not aware of how or why it is done in this way, wrong conclusions can be easily drawn. For instance, if one had seen only a drawing of the geologic column, he might feel he should be able to walk to a cliff in the Colorado Plateau and see all these strata in one grand pile as shown in the illustration. On the other hand, he might think the geologist was trying to mislead him by saying strata existed that really don't. Neither of these is true. It is just a convenient manner of presenting the data. It allows much data to be summarized in a very little space.

Strata are usually named for geographic locations or features near their most complete outcrop. Sometimes they are named for some obvious characteristic, e.g., the stratum labeled "Redwall" is named for its exposure in the Grand Canyon, where it forms a sheer red cliff or wall. It is actually composed of gray limestone, but the overlying red shales have given its surface a red color — hence the name "Redwall."

Summary

There is no 100 percent complete geologic record. It is not the nature of geologic forces to allow such an area to exist. However, the area of the Colorado Plateau in the western United States has a very clear and extensive record preserved. It is probably one of the most complete available. There, miles of strata exist for each of the four major geologic time periods. The strata are in observable superposition, one lying physically on top of the other.

Evidence for extended periods of depositional time occur throughout the stratigraphic sequence. Though there are gaps in the record, the record reveals a tremendous amount about past geologic activity. The strata contain fossil organisms that correspond to the standard sequence of life forms found in the geologic record throughout the world.

We can waste much time looking for the "loose brick" in the factual understanding of modern geologists and paleontologists. The loose-brick approach is typical of many modern creationists, but it is a fruitless search. When the facts are carefully studied, it is not the geologist, but rather this type of creationist who is in error.

There really is a long history to the earth and a sequence of life forms that have lived on it. This is clearly evident from the geologic record. This, however, does not exclude a Creator, nor does it prove that the changes and progression observed in the fossil organisms are the result of evolution. Jesus said, "My Father has been working until now, and I have been working" (John 5:17).

This brief overview should help dispel many of the misconceptions some may have had about the nature of the geologic record. In our next article we will begin exploring the nature of the changes that have occurred in the life forms that are found as fossils in the strata of the Colorado Plateau.

How Plants and Animals Have Changed Through the Geologic Eras

By Richard Burky 1991

Richard Burky holds master's degrees from Ambassador College and California State University, Los Angeles. When he wrote this article in 1991, he was in a doctoral program at the University of California, Riverside, specializing in prehistoric archaeology, with additional work in physical anthropology and paleontology.
Summary: If we could enter a time machine and travel millions of years back in time, what would we see? Would the plants and animals be much the same as those now on earth? Has God's creation stayed the same? Certainly not!

Fossils, which give us a sampling of the life forms we would be likely to find, demonstrate that the variety of living creatures today is vastly different than the types of creatures that lived when Paleozoic strata were being deposited. Most of today's common animals are not represented in fossils of that era, and most Paleozoic plants and animals are now extinct. Many of them are not even similar to anything living today. Biological variety has changed considerably through the eras.

Individual types of organisms are also different. The skeletons of modern fish, for example, are often considerably different than the fish fossils of the Mesozoic strata. A few types have remained much the same, but the morphology of most types has changed through the eras.1 This article describes changes in plants and marine animals.

The geologic record gives us a fascinating glimpse into the history of the earth and the forms of life that have lived on it. This information is not available to us from any other source.

In previous articles we corrected two misconceptions about the geologic record. First, the geologic strata were not produced by catastrophic worldwide floods.2 Rather, they were usually deposited over extended periods of time. The existence of long geologic time periods can be proven by mechanical, chemical and biological processes that occurred before, during and after the strata were deposited.

Second, geologic strata lie on top of one another, and the layers indicate relative age — the bottom layers are much older than layers near the top. This is especially obvious in the Grand Canyon, where a large sequence of layers is exposed.

Radiometric dating techniques, which measure elapsed time based on the uniform rate of disintegration of radioactive elements, also indicate that the time involved is very long. These methods also give quantitative estimates of the time involved.3
Different strata, different environments

We will now examine a few variations witnessed in living organisms from one geological time to subsequent times. As in the past article, we will use the fossils found in strata of the Colorado Plateau as a basis for our discussion, since this area gives us a simple and direct correspondence between vertical sequence and chronological sequence.4
By comparing the plant and animal fossils of a sequence of geologic layers in the Colorado Plateau, we can get a picture of how plants and animals changed over the millions of years.

Individual strata are usually deposited in a single environment — for example, marine, desert, delta, swamp, etc.5 The vast majority of fossils in each layer are from one type of environment. The earth, however, is made of many different environments, each containing a different mix of plants and animals. We cannot expect to find fossils of all animals alive on the earth at one time in any one strata.

In a stratum dominated by fossils of clams, for example, we would not expect to find fossils of mice, though it is of course remotely possible. If we are examining fossils deposited in an ancient desert, we do not expect to find ocean-dwelling animals.

Each stratum gives us only a geographically, environmentally and chronologically isolated segment of life on earth. It is only a partial picture of what was happening worldwide. This concept is simple, but sometimes we can forget it when we ask what type of organisms lived on earth when a certain stratum was deposited. Our knowledge is limited by the circumstances of the strata.6 Fortunately, the Colorado Plateau strata contain enough of a variety of fossils to confirm the general pattern of plant and animal life throughout the geologic eras.

Fossil organisms found in Colorado Plateau strata

A close examination of the Colorado Plateau strata reveals that the type of fossils found in succeeding strata indicates many changes in type of depositional environment.7 Ocean-living organisms are deposited in layers completely separate from those that occur in continental environments — environments that occur on land rather than in water.

Examples of continental environments are deserts with windblown sand and sediments, river floodplains and lake sediments. River deltas, lagoons and mud flats that border an ocean often contain a mixture of continental and marine fossils.

Separation of environments also explains why we can't expect to find a continuation of each line of organism in all the overlying strata. This separation of environments is additional evidence that geologic strata are not the result of one or two worldwide floods. Such floods would have mixed material from all environments and buried them together.

We will now more specifically examine the type of fossil organisms that are found in the strata.

Algae

Algae are the first life forms we encounter in the oldest, deepest strata of the Colorado Plateau. We do not necessarily find fossils of the actual algae — what we find are the limestone structures that algae build. These structures show little change with time. Throughout the geologic record, and continuing even today, algae are still depositing limestone in a manner similar to that found in the earliest rock strata in the bottom of the Grand Canyon.

This lack of significant change, which we also find in a few other plant and animal types, illustrates a dichotomy in the history of life on earth. Most fossil organisms were considerably different from their modern counterparts, or they became extinct with no modern counterparts. A few have changed hardly at all; they are known as "living fossils."

A few organisms even seem to degenerate and retrogress in design and function with time. The details of the story are far more complex than we may have hoped, yet there are some generalizations and major trends that are quite clear.

Trilobites

In one of the bottom strata we encounter a fossil almost everyone has heard of, the trilobite. Trilobites are marine bottom-dwellers that first show up in this area in the strata of the Tapeats Formation. They are found in most of the overlying marine layers until the top of the Kaibab Formation, which is the last time trilobite fossils are found, even though there are many overlying marine fossil layers.

Some creationists have stated that trilobites are found in deeper layers because of "density sorting" by flood waters. The idea is that trilobites were buried in lower layers because they are bottom dwellers and, being heavier than other animals, sank into the sediments of the flood waters faster than other organisms.

However, consider how many overlying strata contain fossil clams. Clam shells are far denser and heavier than trilobites. If the creationists' theory were valid, all the clams would be deposited with or below the trilobites. This is far from true. Clams occur throughout the strata, even in some near the top of the chart.8 The creationists' density-sorting concept is not valid.

Other marine life

Sea life has been fossilized in marine strata throughout the record. It is abundant in both variety and quantity.9 Most modern forms of marine organisms are considerably different from the types found in the lower strata. Many of the early forms are long since extinct. Only two instructive examples of changes in marine animals will be mentioned: the brachiopod Lingulella and the ammonite group.10

The brachiopod Lingulella found in the Bright Angel Formation at the bottom of the Grand Canyon is quite similar to brachiopods (Lingula) that are currently dug for food along the Japanese coastline. This organism has changed very little in design throughout an incredibly long period of time.

But most types of organisms have changed substantially, if not dramatically, from the time they first occur in the fossil record. An excellent example of rapid change is found in the ammonites, members of the cephalopod group. These marine organisms, similar to the modern Nautilus,looked much like giant snails. They lived in the oceans worldwide and were common during the time of the dinosaurs.11

The ammonites became prominent in the seas before the dinosaurs began to dominate the land. The whole group multiplied rapidly and spread widely before coming to an abrupt end along with the dinosaurs, suffering total extinction. To my knowledge, the first stratigraphic level in the Colorado Plateau that contains ammonites is the Moenkopi Formation.12 Ammonites are common in the Curtis Formation and are especially numerous in the Mancos.

Fossil plants

The fossil land plants show a considerable change as we progress upward through the strata of our study area. The first significant land plants are encountered in the Supai Formation. Though the plant fossils in this formation are poorly preserved and fragmentary, they represent types of plants that are well preserved in abundance in the coal beds in other parts of the world.

Four large plants commonly occur in coal beds formed during a time roughly equivalent to the deposition of the Redwall and Supai Formations. These are Lepidendron, Sigallaria, Cordaites, and Calamites. In the Colorado Plateau, Cordaites and Calamites are found as fossils in the Supai Formation. All four plants are different from any modern plants. Only Calamites is of a type represented by modern plants, the horsetails. Modern horsetails, however, grow only a few feet tall and have stems the size of a thick pencil. Calamites grew up to 40 feet tall and had a trunk nearly a foot in diameter. All these plants had large trunk cores made of pith, totally unlike the wood of modern trees.

The Hermit Formation contains a notable collection of fossil plants. These include fern-like plants, seed ferns and extinct conifers, but do not include Cordaites or Calamites. The conifers were "cone bearers," but they were not similar to the pines, firs and spruces we are familiar with today.

The flowering plants, the angiosperms, prevalent today, have never been found as fossils at this time, neither in the Supai, nor in the coal beds of equivalent age in the rest of the world.

In other geographic locations land plants are found as fossils much earlier than they are in the Colorado Plateau strata. Nearly all the previous strata in our study area are marine. We would not expect to find land plant fossils in a marine environment.

In the Moenkopi Formation are a few fossils of "horsetails" — plants much like the modern genus Equisetum, somewhat like the previously mentioned Calamites.13 Horsetails are common fossils from this time forward.

The Chinle Formation contains abundant remains of fossil plants. Its strata are exposed in the Petrified Forest National Park in Arizona. Petrified wood and remnants of other plants are found at many locations in the Chinle. Impressive huge logs preserved in the National Park represent several species of conifers that are similar to some obscure forms living today.

In all, 50 or more species of plants are found in the Chinle. These include fungi, conifers, ginkos (another ancient line with modern representatives), horsetails, cycads and others, but still not the flowering plants, the angiosperms.

Fossils of flowering plants, the angiosperms, are first found in a formation deposited about the same time as the Carmel Formation.14 By the time of the Dakota Formation, angiosperms were abundant. Many trees and plants that you would recognize were present — such as oak, fig, willow, palm, sassafras, poplar and holly. During this time the dinosaurs were the most prevalent land animals and would continue to be for some time to come. Early mammals were present, but they were small in both size and number.

Plant fossils are found in many of the formations overlying the Dakota. They are abundant in the Blackhawk, where they form extensive, commercially exploited coal beds. The Green River Formation is especially well known for its fossil flora. These are predominately flowering plants. Many of them, perhaps most, we would recognize as modern plants.15
The Green River strata were deposited after the demise of the dinosaurs but still a very long time ago. Mammals were the prevalent land animals. However, these were not the type of mammals you and I are familiar with. They are types long since extinct.

I will briefly summarize what we have witnessed in the fossil algae and plants. Algae are the oldest; they lived throughout every level of the fossil record and continue to have living representatives thriving today.

The earliest land plants found in the Colorado Plateau strata are now extinct, though a few have similar types living today. A little later in the fossil record we find the living-fossil plants, including the ginkos, horsetails and cycads. However, these examples of long-lived types are the exceptions in the record, not the rule.

Angiosperms, the flowering plants, show up in the record during the later times of the dinosaurs. They soon become the dominant type of plant throughout the rest of the fossil record and in the modern landscape. There is a definite progression in the type and design of the flora as we move upward through the strata of the Colorado Plateau.

Changes observed in fossil fish

Another familiar group of organisms that clearly shows a significant pattern of change is the fish. The first fossils of fish are found in the Temple Butte Formation, which lies fairly low in the Grand Canyon.16 These fish are nothing like the kind you would pull out of a modern stream, lake or even the ocean. They belong to a class of fish known as placoderms or "armor skinned" fish.

The chief characteristic of this group is the bony armor plates that cover a major portion of their body, especially the head. They lack an internal bony skeleton, which is present in most modern fish. The placoderms' body support was more like that of an insect (having an exoskeleton) than like a modern fish. Their fins do not have bony spines for support. Their tails are decidedly asymmetrical.

There were many varieties of placoderms, but they were all extinct by the time the Redwall Formation was deposited.17 The genus of the type found in the Temple Butte is Bothriolepis.
Some fish fossils are in the Moenkopi Formation, but they are generally so poorly preserved that identification is difficult. However, the overlying Chinle provides a clearer picture of the freshwater fish of that time period, considerably later than the time the Temple Butte was deposited.

The design of the fish of the Chinle might be considered somewhat intermediate to modern fish. They had bony supports or "rays" in their fins to give them more strength. They had a bony skeleton, but most did not have a fully ossified backbone.

The scales were generally thicker and rhomboid in shape, more like those found in earlier fish. The scales were made of layers of bone, covered with a material like tooth enamel. The tail's exterior appearance was more symmetrical, but the internal bone structure was still asymmetrical. Earlier forms had functioning lungs; Chinle and later fish had air bladders. A fossil lungfish in the Chinle is quite similar to a modern lungfish in Australia.

Another living-fossil fish found in the Chinle is the well-publicized coelacanth. It was thought to have been extinct since dinosaur times until a fishing boat brought one in from the waters east of Africa in the 1930s. Please keep in mind, though, that the living fossils are the exceptions, not the rule. They get more publicity because they are exceptional rather than ordinary. The majority of fish from the Chinle are now extinct, intermediate in design when compared to the earliest fish and modern fish.

The Green River Formation, famous for its fossil fish, has fish that are quite modern in design and appearance. Their skeletons are fully ossified (composed fully of hard bone rather than being part of cartilage). Their scales are rounded in shape, made of a thin, light bony material. Their tails are symmetrical in both internal structure and exterior appearance.

The history of fish is complex. However, this sequence of forms represents the general changes that took place in the fish group. The fish fossils in the Colorado Plateau strata clearly reflect significant changes in design with time.

Summary

During the extensive time period taken to deposit the strata of the Colorado Plateau, life forms went through major changes. In many cases that change was progressive in nature, as shown by fish and plant fossils. In contrast to these, some few organisms, dubbed living fossils, experienced little or no change during the same time period. Their original design was one that remained viable and successful. Modern representatives of these organisms are alive today. Other organisms simply became extinct and were eventually replaced with new organisms.

Changes in different types of organisms occurred throughout the geologic record, not just at a few junctures. The major changes made in the plants did not correspond in time period to the major changes in the fish or the land animals. The history is one of great complexity, not one of a few simplistic changes.

The next article will continue this topic. It will examine the changes that have occurred in the land animals. Then we will consider the possible meaning and importance this understanding gives us about how God has developed life forms we find on earth.

Endnotes

1 Fish of the Mesozoic era were considerably different than fish that live today. But that does not mean that ancient forms evolved into modern forms. Evolution, as the word is commonly used, implies genetic connections through the eras and a gradual development caused by survival of the fittest. However, it cannot be proven that there has been any genetic connection between similar forms of different ages. The fossils reveal differences and similarities, but the fossils do not reveal whether or how one form is associated with similar forms of later eras. Evolution is an interpretation of the evidence. We reject that interpretation, but we cannot reject the evidence. Our beliefs lead us to interpret the evidence in a nonevolutionary way.

2 Some layers of bedded rocks may have been deposited by floods, but certainly not the majority of strata.

3 Radiometric estimates of age may seem to be simpler reference points than geologic formation names. However, all strata do not have rocks that lend themselves to radiometric dating and thus have to be dated by extrapolation from datable rocks that lie above or below them. To avoid the complexities and questions involved with radiometric dates I feel it is better and more straightforward to use the actual formation names. This allows the reader the tangible realization that he can consult a geologic map and find the actual body of rock strata being described. Though the multiplicity of names may make it seem more complex, it is really simpler. There are no theoretical or hypothetical adjustments that need to be made in fitting the facts to reality. Radiometric dating and the ages of the Colorado Plateau strata may be covered as a separate topic in a future article.

4 Thus we do not have to deal with the complicated issue of correlating disconnected strata in widely separated geographic areas.

5 Some strata contain mixed environments, such as those produced in river deltas, which contain both aquatic organisms and terrestrial organisms washed into the river.

6 It is also good to remember that very few organisms are ever preserved as fossils. Most simply die and decay, and there is no enduring record of their existence.

7 If there is a question of how we know these strata are in this order, please refer to the previous article, "An Overview of the Geologic Record."

8 Rocks are even denser than clams. If the density-sorting concept were true, all the rocks would be deposited in the lowest strata. It is definitely not true.

9 There are brachiopods (shellfish that look somewhat like a clam), pelecypods (clams), gastropods (snails), crinoids, sponges, corals, cephalopods (similar to the living Nautilus and squid), foraminiferans (one-celled animals with shells, usually microscopic), bryzoans, ostracodes, etc.

10 Most marine fossils involve technical descriptions and obscure organisms that many readers do not know and may have difficulty relating to. It seems better to devote most of our time to examining the history of organisms that are more familiar to our readers.

11 The ammonites ranged in size from a diameter of less than an inch up to six feet! They are grouped into more than 300 genera and thousands of species. One could spend a lifetime studying only the ammonites!

12 They are known to occur in earlier strata elsewhere in the world.

13 The modern horsetails are also known as scouring rushes because the pioneers in America used them to scour pots and pans. Their tough, abrasive stems are durable, which is why they are often found as fossils.

14 Some scientists feel they have found the earliest evidence of flowering plants in a formation in central Utah called the Arapien Shale. It was deposited about the same time as the Carmel Formation. Whether fossils of the first true angiosperms are in the Arapien Shale is not significant for us. What is significant is that they begin to show up as fossils about this time.

15 The varieties found include pine, alder, fir, birch, cedar, hemlock, maple, sweet gum, sequoia, oak, sycamore, cottonwood, willow and many others.

16 Fossils of these fish are found around the world in strata of similar age and position in the record. Notable localities for them are in Britain and eastern Canada.

17 They have been extinct, based on radiometric dating, for nearly 300 million years.

How Land Animals Have Changed Through Geologic Time

By Richard Burky 1992

Few groups of organisms have changed as dramatically through geologic time as have backboned animals that live on land. In this article we will examine changes reflected in fossils in the strata of the Colorado Plateau.

In the Colorado Plateau, the strata clearly lie on top of one another. There is no question of relative age. Bottom strata were deposited first; they are older than those on top. Second, these strata contain abundant evidence for the passage of time during deposition and for time lapse between the deposition of various strata. Third, the range of the geologic record in this area is outstanding. Each of the four major geologic periods is represented by strata miles long.

By limiting our examination to one geographical area, we limit the complexity, confusion and the uncertainty of time correlation that is often introduced when jumping from one geographic area to another. Staying within the Colorado Plateau makes the logic of the geologic record simpler and easier to understand. Once we prove the sequence of the fossils here, we can examine other geographic areas that contain better fossil records of select groups of animals.

Previous articles in this series have covered the topics of geographic location, strata sequence, depositional history and evidence for long time periods. The previous article of the series explored the changes observed in a few marine shellfish, land plants and freshwater fish.

Fossil land animals

As we examine changes in the land animals, we find patterns similar to those found in other fossil organisms. Most have become extinct. Some have been changed with time. Some have become extremely specialized. A few seem to have degenerated. And, as always, there are "living fossils" that have remained relatively unchanged for long periods of time. (Examples of these among land animals are turtles and crocodiles.) Perhaps the most prevalent pattern is that new forms show up continually as we progress up through the stratigraphic sequence, and older forms simply disappear from the record.

In other parts of the world, some land-living vertebrates are found in strata deposited about the same time as the Temple Butte Formation. In the Colorado Plateau, however, no land-animal fossils are found at this level. The strata being deposited then were primarily marine strata, so we would not expect to find remains of land animals.

The first continental strata (as contrasted to strata deposited in marine environments) after the Temple Butte are the Supai strata. Many land-animal tracks have been found in those strata, but so far no remains of the actual animals have been found. This is also true for the overlying Hermit and Coconino strata.

Amphibians and reptiles

The earliest known fossils of actual animals in the Colorado Plateau are in the Moenkopi Formation. The animals of the Moenkopi are reptiles and amphibians that have been extinct for a long time. Few of the 10 or so forms found there are common enough that you would expect to find them on display in a museum. One of these amphibians, however, was relatively common — Metoposaurus. It is unlike anything alive on earth today. Some of these extinct amphibians reached more than 10 feet in length. Definitely not your typical modern toad, frog or salamander! These large amphibians soon became extinct as early dinosaurs appeared.

The next formation up, the Chinle, contains many fossil land animals. Here are found a substantial number of fossil amphibians and reptiles that are much better known than those in the Moenkopi. In the Chinle we find the first dinosaur, Coelophysis. Even on a worldwide basis, it is among the earliest of the dinosaurs. This dinosaur has a simple design and, relative to later dinosaurs, is small — only 8 feet long from nose to tip of tail.

Living with the first dinosaurs was an alligator-like animal called a phytosaur. Superficially, it resembles an alligator or crocodile, but it is neither. The latter breathe through nostrils on the tip of their snouts. Phytosaurs breathed through a hole in the top of their skulls, between and a little in front of their eyes.

Two other reptiles are also found in the Chinle — Desmatosuchus and Placerias. Both are extinct, and quite peculiar. Metoposaurus, which we encountered in the Moenkopi Formation, continued to live in Chinle times.

Many of the formations between the Chinle and the Morrison contain some evidence for dinosaurs, particularly footprints. However, they are poor in actual skeletal material. Evidence of early crocodile fossils is reported from the Moenave. Of course, several of the formations were deposited in marine environments, so we would not expect to find land-animal fossils in them.

The Morrison Formation is an entirely different situation. It is a widely distributed formation composed of land-deposited sediments. Named for the small town of Morrison, Colorado, outside of Denver, it stretches from Montana to New Mexico. Extensive quarries of dinosaur bones occur in the Morrison Formation in Wyoming, Utah and Colorado. The variety is extensive.

The last dinosaur fossils in our strata are in the lower portion of the North Horn Formation. They are considerably different from those found in the Morrison Formation.

Mammals

The Morrison also contains some of the first evidence for fossil mammals. Full skeletons have not been found; only jaws and teeth reveal their existence. They were probably about the size of mice and rats.

In the upper portion of the North Horn are mammals that are larger than and far different from those found in the Morrison, but they would still be unrecognizable in terms of modern living mammals.

The next animals I will mention are from formations that are stratigraphically equivalent to the Colton Formation, though they are not specifically from the Colton. The first is Hyracotherium, more commonly known as "Eohippus." This is the famous early "horse" with four hoofed toes on the front feet and three on the rear feet.

From the same time period is Phenacodus. This mammal superficially looks like a dog about the size of a collie. But it is not a dog — its teeth are much like those of "eohippus" and vastly different from those of a modern dog. It had five toes on each foot. Each toe had a small "hoof" on the end, not a claw like a dog.

Living with these two mammals was Coryphodon, a hippo-shaped herbivore with large dagger-like canine teeth. All three of these animals are found as fossils in strata of the same age in Europe as well as in other parts of North America. None of the three are like any living animal.

Green River

The next formation, the Green River, is primarily lake deposits. Fish fossils are extremely abundant in places. There are crocodiles and turtles, "living fossils" that lived with the dinosaurs and continue with little change even today. Fossil snakes are found here.

A few land animals are found as fossils, but they are not abundant. A notable one is the giant flightless bird Diatryma. It was nearly 7 feet tall! Its massive build and beak reminds one of a dinosaur. Similar fossil birds are found much later in the fossil record of South America.

Perhaps the most notable fossils from this formation are early primates much like modern lemurs (Notharctus) and tarsiers (Tetonius).

A variety — about 100 kinds — of early mammals are found in the Uinta Formation and the Duchesne River Formation. There is an "advanced" form of "eohippus" called Epihippus. It is quite similar to "eohippus," with the major difference being changes in the teeth.

Rhino-sized beasts

Some fossils in the Uinta and Duchesne are similar to rhinos. One of the common larger animals is Dolichorhinus, a mammal from the Uinta Formation that belongs to an important and common group of this time period known as the titanotheres. There were considerable changes in this group from about the time of the Colton Formation until after the deposition of the Duchesne River. By the time of the deposition of the Brown's Park, they were all extinct. A massive two-volume work on the group was completed by a leading American paleontologist early in this century.

The end of the titanothere line, a form known as Brontops, is found in Wyoming and South Dakota in strata deposited after the Duchesne River and before the Brown's Park. Brontops is massive — 12 feet long and 8 feet tall!

Uintatherium, another large and common herbivore of the Uinta Formation, is also a giant and near the end of its line. Its skull is grotesque, covered with large bony bosses, and possessing huge saber-like canine teeth. The end of this group came a little later with a still larger form known asEobasileus. It stood 7-8 feet tall and was built like a rhinoceros.

Brown's Park oddities

It should be emphasized that a significant time gap occurs between the deposition of the Duchesne River and the Brown's Park. There is a major difference in the type of mammals. Though the record of the changes that occurred in mammal types is missing here, it is recorded in strata in other areas of the western United States.

The fossils of the Brown's Park are sparse, and the ones that are found are considerably different from the earlier mammals. Three forms are quite interesting. Gomphotherium is one of the earliest members of the "elephant family" that is found in North America. It has four tusks, and its lower jaw not only has tusks, but the jaw is also much longer than that of an elephant. Its teeth are of a completely different design from those of the elephant. Its teeth are more like those of the later mastodons, yet still considerably different from theirs.

A curious creature found in the Brown's Park is Moropus, a mammal the size of a modern horse and superficially resembling a horse. However, instead of hooves it has toes with large claws on them. Early fossil hunters thought that the claws came from an entirely different animal until they found undisputable evidence that the two features belonged together.

A more familiar mammal is also found in the Brown's Park, the true rhino, Aphelops.

More modern mammals

After the deposition of the Brown's Park, there is another very long time break with no strata being deposited or fossils preserved to record what was happening. The area was uplifted, and strata were, for the most part, being eroded away rather than being deposited. Later, during the time of the Ice Age, small deposits occur at various places, for example, in swampy areas around springs, in caves, in gravel pits, on river terraces and flood plains.

The fossils found in these places are a mixture of modern and recently extinct types. From the Colorado Plateau these include: camel (Camelops),Bison, mammoth (Mammuthus), ground sloth (Nothrotherium) and the modern horse (Equus). These are the more common animals, but they are only a sampling of the many mammals that are found during this time period.

Summary
The dominant land animals change as we progress through a long period of geologic time. The story starts with early amphibians and reptiles, then progresses through an extensive period when dinosaurs dominated the land fauna. The dinosaurs were not unchanging, however. They changed dramatically as time progressed. The variety is mind-boggling. It is in strata deposited during the dinosaur period that the first mammal fossils have been found.

Following dinosaur times was a long stretch of time in which mammals dominated and were gradually developed. At first the mammals were totally unlike any modern forms. As time progressed, more and more similarities to modern mammals show up in the fossils. Groups appear and are developed. Some of these groups continue today, but many have long since become extinct. By the time of the Ice Age, the mammals are essentially modern in design, with only a few strange forms still around.

The view this article gives is, of necessity, only a general one. It should, however, be sufficient to make one realize that there is much history to take into account before making conclusions about what has happened on earth in the past. The story is considerably more complex than may have been imagined or than is pictured in many "creationist" reconstructions.

In the next article, I plan to present some possible reasons for the sequence of changes observed in the fossil record. The facts presented in these articles should greatly expand our understanding of God's creation process. This understanding should give us a much deeper appreciation for the design, patience and work involved in the development of this marvelous world we live in.
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Some creationists, though by no means all, believe the earth is only six to ten thousand years old. They cite the Genesis account of creation as the basis for their belief.

The Bible, however, nowhere states when the earth was created, other than saying, “In the beginning God created the heavens and the earth.” It is therefore impossible to determine, from the Bible, the age of the earth. Scientific evidence indicates it is likely several billion years old. Yet even this great age does not conflict with the Bible. In fact, the very young age assigned by some is based on unwarranted assumptions.

One such assumption, held by many creationists, is that the biblical flood deposited the majority of the earth’s strata in the days of Noah, even though the Bible nowhere says this either; the Bible doesn’t specifically address the origin or even the existence of the earth’s strata. On the other hand, an examination of extensive sequences of these strata clearly shows that they were deposited over very long periods of time. It is simply not possible for all this activity to have taken place within a flood that lasted only one year.

Following are a few examples of long periods of time evidenced by the geologic record. These are inconsistent with the idea of sudden deposition—whether within a year or even a thousand years.

Some strata contain tree stumps fossilized in a standing position. It is obvious from their orientation and from the fact that their roots extend into the underlying strata that they grew in this position. For this to have happened, the underlying strata must have been deposited first, then enough time elapsed for trees to grow. The geologic record indicates that subsequent deposits of new material covered these trees and preserved them. In some areas there are multiple sequential layers of such fossilized standing tree trunks. They were not all preserved in the same stratum, thus they could not all have lived and died at the same time.

Another example of the non-flood nature of rock strata is the presence of thick layers of soluble minerals that are deposited by the evaporation of water. These could not possibly have been deposited under flood conditions. One such mineral is common table salt. The evaporation of large quantities of sea water in the geologic past has deposited thick layers of salt as well as other soluble minerals in many strata throughout the world. Furthermore, these evaporation deposits are themselves covered by subsequent layers, making it utterly impossible for this type of deposit to be accounted for by a single flood of a short duration. The idea that such strata were laid down in Noah’s flood simply doesn’t account for such observations.

Many strata also contain layer after layer of desiccation cracks produced when mud or clay is deposited on the surface and exposed to drying conditions. This would not occur under flood conditions, especially in the lower and middle strata deposited by such a flood. Desiccation cracks often occur one on top of another in multiple-layer sequences.

Consider, too, the layered lime or calcium carbonate structures that have been deposited by algae and other organisms as they grow in an ocean or lake. The layers are deposited in sequence, one after another, as the algae grow. The structures are preserved in growth position within the strata, and the deposits are often many feet thick. Such structures could not be deposited rapidly under flood conditions such as Noah’s flood. And they occur in every age of geologic strata on the earth.

These few examples only begin to illustrate the nature of the problem. It is unreasonable to conclude that such strata were deposited rapidly by the biblical flood. To put it another way, it is a serious mistake to let faith in what one thinks the Bible says lead one to reject clearly demonstrable evidence—evidence that, incidentally, is more compatible with creation than with evolutionary theory.

At Vision we believe that the earth and life forms upon it are the result of purposeful design and creation by that cosmic intelligence referred to in the Bible as God. We do not believe this creation is the result of purely materialistic or evolutionary forces. The best physical evidence supports this conclusion. However, what is passed off as truth by many creationists is also riddled with error because it does not conform to the solid, scientific evidence found in the prehistoric record, as witnessed by geology, paleontology and archaeology.
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