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Introduction

This book is intended for three kinds of readers: those who collect fossils and need a guide for the identification of what they find; those who are not active collectors but would like to know something about the beauty and variety of Texas fossils; and teachers and students who need a resource book on Texas fossils and geology.

No one knows how many different kinds of Texas fossils there are. This is because scientists are still debating just where to draw the line between certain similar kinds of fossils, and also because the number of Texas fossils is so large that even estimating it is difficult. All the forms of life that have occupied Texas during 600 million years of geologic history would need to be included. Roughly, the number of species of Texas fossils–from microscopic creatures to giant dinosaurs–is certainly over a half million.

Of course, that many descriptions or photos of fossils would fill several volumes. The first problem, then, was how to choose which species would be included in a guide such as this one. The decisions were made in several ways. First, every collector would quickly agree that some well-known species of fossils should be included, primarily because they are encountered so often. For that reason, the most frequently collected fossils have been included. Second, many publications (and many unpublished graduate theses and dissertations) deal with one aspect or another of Texas paleontology. Any fossil species that appeared prominently in such publications was considered a candidate for inclusion. Third, as one travels and looks at different fossil collections, a number of very unusual or beautiful specimens of less common fossils are found. Some of these have been included because of their unique qualities. In sum, the reader of this book should find here representatives of Texas’s most common, most important, and most noteworthy fossil finds.

One additional goal was to find the best, biggest, or most complete fossil of each kind ever collected in Texas. As a result, many of the fossils illustrated here will serve as a standard against which individuals can judge their own collections. No doubt better specimens will exist in readers’ collections than are shown here. That fact should make anyone who possesses such a specimen even more aware of its high quality.

The scope of this book is broad. I first envisioned a representative selection of common fossils from microfossils to vertebrates. Naturally, specialists in the fields involved might be disturbed by the audacity of such a project. Nevertheless, a volume that attempted less would omit some very interesting material and would be less useful to teachers and students who wished a broader survey of the field of Texas fossils. I originally decided that several hundred photographs would be used in the book, but the inclusion of several species in some of those photos made the total number of species illustrated much higher.

Certainly, the final work includes enough material that if it were the holdings of any one collector, it would be a broadly representative Texas collection. As such, it should be an inspiration for people who aspire to collect such material. At the same time, it should serve well the desire of those who are not active collectors to see what Texas contains in the way of fossil treasures. These pages survey the best of many excellent collections.

As research for the book progressed, it became obvious that some compromises had to be made if something useful were to be publishable in a reasonable period of time. I therefore decided to deemphasize microfossils and ostracodes. However, the section on fossil preparation contains some material on them, and there is still much here for someone interested in such tiny fossil forms.

A few other areas undoubtedly lack species of interest to individual collectors. Some names used here will almost certainly have been superseded by newer names among the thousands of publications about fossils. In a sense, this book is offered as a catalyst for an open discussion among fossil enthusiasts about what should have been in it. The fruits of such a discussion should make possible an eventual revision of it that will be a finer book yet.

Who would attempt to write such a book? Certainly many excellent geologists have deferred such a task over the years. The author is, and must be, a generalist, someone who has a broad interest in all fields of fossil study and who has been in a position to observe a panorama of Texas fossil material for many years. I have worked for many years with the fossil collections of the Dallas Museum of Natural History, and I have attempted to make those collections very wide in scope, not exclusively vertebrate or invertebrate. The main goal of that museum’s fossil work is to tell the story of Texas in all its aspects.

This book has also generated an opportunity for a great amount of fieldwork, which has included excavating mammoths, mosasaurs, and giant sea turtles as well as collecting crinoids, trilobites, and many Cretaceous molluscs. I have also been able to work with a great variety of other collections at the museum: mammals, birds, insects, sea shells, rocks, minerals, reptiles, and plants. All of this work has been in done in an environment that emphasizes the interconnections between the many forms of nature. I believe that this has been a unique and helpful background for embarking on the difficult task of this book. If I approach the great variety of fossil forms to be dealt with here with any confidence, it is because I can appreciate them all, even if I can not master them all.

I have taken courses in geology at the University of North Texas, Southern Methodist University, and the University of Texas at Dallas. These have been helpful, but my greatest friends and teachers have been the hundreds of so-called amateur collectors who have educated me by their frequent and wonderful finds. The impetus to write this book is to be found largely in my conviction that it is now time to draw these observations together into something that makes sense out of all the individual discoveries that are housed in so many scattered collections.



1. What Is a Fossil?

The existence of fossils, the remains or traces of ancient things, was once a new idea. As with most new ideas, there was confusion about what was going to be called a fossil. From the modern viewpoint, it might seem that the definition could have gone only one way–the way it did. But that is not the case. Originally, anything “dug up” was called a fossil. Buried historical objects and archaeological objects were then considered to be fossils.

The definition, as scientists eventually framed it, could have continued to include such materials, but it did not. Instead, we now have several sciences concerned with things that are “dug up.” The one that this book deals with is paleontology–the study of the remains or traces of once-living things from the past. We favor today a very precise definition: Fossils are the remains or traces of some part of the anatomy of once-living things that are older than our recent geological experience. This definition is worth looking at part by part, because it can tell us much about fossils.

Fossils are called remains or traces because one might find either a preserved actual part of the original creature or merely a mark or trace in the rock. Both are fossils. Since one creature can leave several marks in the rock, one creature might create several fossils–a point not always realized. A dinosaur, for instance, might leave many tracks.

Some part of the anatomy is included in the definition because mere acts of nature (wave marks, sand formations, or interesting rock forms) are not considered to be fossils. Similarly, items manufactured by prehistoric peoples are excluded–they are not part of the maker’s anatomy–and are considered instead to be archaeological artifacts rather than fossils.

Fossils are said to be derived from once-living things. It is important to note that this includes all living forms, plant or animal, simple or complex, whether very large or quite microscopic.

Everyone knows that fossils must be old; just how old is harder to say. For sake of having some standard to go by, most scientists would agree that older than recent times is required in a definition of a fossil. Sometimes materials that just barely fail the age test by being slightly too recent are called subfossils. Note that by our definition some human remains, especially from the Old World, are old enough to be considered fossils–hence, the field of archeopaleontology or paleoarcheology.

Notice that neither “turning to stone” nor any other phrase referring to change in the material is mentioned in the definition. There are many ways in which fossils are preserved, but none of them is specifically required in the definition of a fossil. The only real requirement for remains or traces of living things to become fossils is that they should simply somehow last. The number of ways fossils are preserved is as vast as all the varied functionings of nature.

Ways In Which Fossils Are Preserved

In general, either something durable about the material itself (hard parts, etc.) or something particularly protective about the environment that surrounds it (ice, tree sap, etc.) is necessary for any material to have a chance at preservation. However, soft-bodied creatures are occasionally preserved, and illustrations of several are included in this book (for example, Jellyfish, Color Photo 8).

Molds and casts are among the most common ways creatures become fossils. After the creature is covered with sediment, the entire form decays or dissolves away, leaving behind, as a hole in the sediment, a mold of its surface. Such a mold will usually have imbedded in it the creature’s exterior texture; it is called an exterior mold. If the original buried creature was in any way hollow (a clam shell, say) then sediment might have filled the creature’s interior. After the creature has dissolved away, this interior filling is called an interior mold. Interior molds contain only sediment; German geologists named these stone replicas of shell interiors Steinkerne–“stone kernels.” Many Texas fossil clams and snails are known only as steinkerns.

If an exterior mold later fills with sediment, which will take on the texture of the original’s exterior from the mold’s inside surface, then a cast is created. Much confusion over whether a fossil is a mold or a cast can be avoided if one remembers that casts must be formed in molds.

Another very common way for fossils to be preserved involves “turning to stone.” This can happen in two ways. What we normally call petrifaction occurs when mineral-laden groundwater seeps through porous wood or bone and leaves a mineral deposit in all the porous spaces; whether or not the original material remains for long, the structure is retained by the mineral matter that filled it. In longer periods of exposure to mineral-laden water, it very often happens that a less durable and more soluble mineral in the original creature will slowly trade places with a mineral in the surrounding oil or groundwater. Fossilization occurs by replacement of the original mineral content.

Another method of fossilization is carbonization. Plants, especially, contain a large amount of dark carbon, which can form a fossil plant as either a thin, dark stain or a mass of soft carbon coal after other less stable portions of the original plant decay. Trace fossils are yet another variation on how fossils are formed. Traces such as footprints or tail drag marks were never part of the actual creature, hence they only need protection to survive. A rapid burial by sediment is all that is required.

Sometimes the original material of a creature is preserved without any change. Frozen mammoth remains in the far north are well-known examples. Some shells and many teeth are hard enough simply to last unchanged for millions of years.

The Matrix In Which Fossils Are Found

Since rapid burial or covering is important to most ways of preserving fossils, most fossils are embedded in some surrounding material. Geologists call this material matrix.

Such rapid burial can protect the fossil-to-be from being eaten or scattered by predators; seal it off from damaging air, weather, or running water; provide the minerals needed for petrifaction or replacement; or encase it to form a mold of its shape.

In order to understand the matrix in which fossils are found, it helps to understand types of rock in general.

There are three broad classes of rock: igneous rock, which has a hot, molten history–like granite, basalt, lava, and ash falls; sedimentary rock, which accumulates as beds of lime, mud, or sand either underwater or by wind action; and metamorphic rock, which starts out as either igneous or sedimentary rock and is changed by heat or pressure (often deep in the earth) into a new class of rock.

Since igneous and metamorphic rocks involve heat and pressure in their formation, they are generally not the best rocks in which to find well-preserved fossils, although they do occasionally contain some fossils.

Sedimentary rocks, however, are the major source of fossils. Important sedimentary rocks for fossil finding are limestone, shale, sandstone, chert (flint), and loose sediments like gravel and sand or cave debris.

Limestone is basically a creamy white rock, but it can have many darker colors, depending on impurities contained in it. It is primarily composed of the mineral calcite, often in the form of microscopic tests (shells) of single-celled fossil creatures. Calcite is a rather soft mineral (number 3 on Moh’s Scale of Hardness). Chalk is the name often applied to especially soft limestones that powder easily. The common test for limestone is a drop of weak acid; even the acetic acid in vinegar will do. Upon the touch of the acid drop, the limestone will bubble and fizz (called effervescence) and give off the harmless gas carbon dioxide. One must remember, however, that if a small amount of calcite is present in a shale or a sandstone, it might also react similarly. Go by overall characteristics rather than just one test.

Shale is best identified by the fact that it is composed of very fine clay particles. Hence, it is smooth and rather soft to the touch. It generally forms thinner beds than the other sedimentary rocks. Its color can vary from light to dark; dark shales generally contain more organic material and more fossils.

Sandstone is just what the name implies, a gritty rock composed of sand-sized particles, often silica (quartz). Sandstone is seldom formed in ocean depths. Because of that, it is the most likely of the rocks to contain the fossils of land-dwelling creatures. Dinosaur hunters are particularly fond of sandstone. Ocean edges, freshwater streams, or desert dunes may represent the environment of deposition of the sandstone, or the kind of place and things that were happening when a creature died and was placed by circumstances in a sediment.

Chert or flint is a quartz sediment usually deposited as a lump, nodule, or vein in other sedimentary rock. Its special fossil content is often limited to microorganisms that are very difficult to remove from such hard, insoluble rock.

Loose sediments are generally the result of younger fossil-bearing deposits along streams, in cave debris, or in the muddy beds of temporary lakes. They consist of sand, gravel, rockfalls, and mud. Most of these are less than three million years old and therefore from the last geologic epoch before the present–the Pleistocene. In order to interpret the past, one must especially note the particle size involved in these sediments. The presence of large particles, as in gravel, implies a rather violent environment of deposition (a fast-running stream, for instance). The best fossil preservation will be found in quieter, less damaging circumstances of deposit. Mammoths and mastodons, horses and bison are common fossils found in the Pleistocene stream deposits of Texas.

Sedimentary rocks are usually deposited in layers, which are often called beds or strata. These originally were laid down horizontally, even though later earth movement can tip them or bend them in strange ways. Because the changes in beds of sedimentary rock from their horizontal position is good evidence of large movements in the crust of the earth, this idea has come to be called the principle of original horizontality.

Since each bed of rock is laid down upon earlier beds, the youngest rock beds are at the top of a pile of layers and the oldest is at the bottom, assuming they have not been disturbed by earth movements. Think of it as the pile of old newspapers in your garage. The paper you threw away last will be atop the pile, and the oldest paper should be at the bottom of the pile. In geology this is called the principle of superposition. It can help you distinguish the older and younger fossils in a certain cliff.

Understandably, the type of sedimentary rock being deposited at one given time in the same ocean will differ with depth, distance from shore, and many other factors. Yet all of these different types of rock are of the same age and are simply different looks or “faces” of the same geologic story. Geologists recognize the different “faces” that such contemporaneous rock can have by calling them facies changes. By much the same reasoning, it is understandable that some areas will pile up much more rock while other areas may, at the same time, be piling up less or none at all. So no two cliffs or outcrops should look exactly alike. Matching different rock layers involves not only comparison of the kind and color of the rock but also matching the fossils found in different layers, a much more reliable procedure. Thus a thin blue layer of limestone containing Fossil A can be matched to a thick white layer in another location by the presence there also of Fossil A. Naturally, in practice this demands much more detective work, but the overall principle of matching rock layers by rock characteristics and by fossils is called correlation. It can be especially helpful in determining how rocks have shifted on each side of a crack in the earth’s rock layers, in geology called a fault.

When we look at a cliff with varying sedimentary rock layers, we are looking at a record of past events. Each change, which may be observed as a different kind or color or fossil content of a bed, is a record of changes in the ancient world at that place. If things seem to have proceeded smoothly between beds or formations of rock, we say they are conformable. Obvious changes between layers are called unconformities. Often only a subtle change in the fossil content of the beds can mark an otherwise invisible unconformity.

All of this is to point out that paleontologists must study rock layers and their fossils in many different locations to put together a complete picture of life and environmental changes in the past. Yet this complete patchwork of rock layers has been put together for most areas of the world for most periods of time. Taken together, when the principle of superposition (youngest on top, oldest on the bottom) is applied to this pasted-together column of rock and fossils, we can see the large picture of fossil changes down through time and discover many things about life in the past that we would otherwise not know.

There is one other principle that is important to understanding the fossil past. It is the guess that basic conditions on the earth have remained essentially the same through time, and that what we see happening in the living world today, as plants and animals adapt to their environments, is similar to what creatures have done in the past. Thus if a fossil creature has fins or paddlelike legs, we assume that it lived in the water as similarly built creatures do today. Some authors phrase the principle as “the present is the key to the past.” Officially it is called the principle of uniformitarianism. This principle has been useful, but it has also led to some incorrect assumptions, especially when information has been incomplete.



2. The Texas Geological Map

To fossil collectors, the main attractions of Texas geology are its variety and the fact that its rocks, from virtually all periods of geologic time, are accessible. Collectors can find, preserved in the rocks, fossil representatives of all forms of life.

Geologic maps, such as the one shown in Text Illustration 1 and the detailed maps in the Appendix, help illustrate the state’s variety. You may purchase the excellent “Geological Highway Map of Texas,” which is published by the American Association of Petroleum Geologists as Map No. 7 of the United States Geological Highway Map Series in cooperation with the United States Geological Survey. The ultimate in detail is provided by the Geologic Atlas of Texas, printed as individual sheets for certain areas by the Bureau of Economic Geology in Austin.

A first glance at such a map reveals the many shadings and textures, representing rocks from many different periods of time. Close examination reveals several larger patterns representing the major events in Texas’s geologic past.

[image: image]

Text illustration 1: Texas geological map.

Perhaps most obvious, is the way several rock layers seem to repeat the curve and shape of the Gulf coast. Even though far inland today, they are just what they seem to be–old beaches and seafloors of a larger Gulf of Mexico that once extended over much of Texas.

One of the great facts of Texas geology is that Texas was covered by an enlarged Gulf of Mexico during the Cretaceous period 80 to 100 million years ago, toward the end of the Age of Dinosaurs, and that the retreating Gulf, since the Age of Dinosaurs, has laid down successive beaches and seafloors across East Texas. The plentiful fossil shells of the Lower Cretaceous limestones of Central Texas, the fossil bones of huge sea reptiles (mosasaurs and plesiosaurs) in North Texas Upper Cretaceous shales, perfectly preserved fossil shells of East Texas Eocene deposits, and the “Texas State Stone,” East Texas salicified palmwood, are all part of the fossil legacy left behind by the retreating Gulf of Mexico.

What forces can cause such an overrunning of the continent by the sea? Perhaps movements in the molten rock of the earth’s mantle beneath the edge of the continent sucked the Gulf coast downward. Perhaps a general melting of glaciers and polar ice caps increased the liquid volume of the sea. Quite likely, increased activity of molten rock rising to the seafloor through cracks in the middle of the oceans displaced a great volume of seawater to spread across the low areas of the continent such as the Gulf coast. Probably a combination of all these factors helped produce the great shallow seas that covered Texas and left behind their legacy of old Gulf seafloors and shorelines across East Texas.

Returning to our examination of the geologic map, one notices an abrupt change in the map textures running on a line approximately through the cities of Dallas, Waco, Austin, San Antonio, and Uvalde. This is the line of a feature known today as the Balcones Fault Zone. It is much more than a texture change on the map. In the vicinity of Austin and San Antonio, the feature is a quite obvious change in elevation and topography. One can stand to the east of those cities and notice that there is a definite highland to the west. To understand the very complicated and ancient history of this prominent Texas feature, one must view it as the location of the ancient edge of Texas and the North American continent. One must also accept the current geologic theory that continents drift slowly across the planet and occasionally collide with other continents. Some 300 million years ago, all the major continents of the world were joined together to form one large landmass called Pangaea. In that way, the present region of the Balcones Fault Zone was the ancient edge of Texas as Texas joined to South America and the other continents. As South America crashed slowly into Texas, rocks thrust one over the other to form a giant mountain range, the Ouachita overthrust, along the same line where today stand several important Texas cities. In case you find this hard to believe, scientists also have concluded that this is exactly the way India collided with Asia to produce our planet’s highest mountains, the Himalayas.

Later, along this same line that bisects Texas, South America broke slowly away and began opening up the Gulf of Mexico. The mountains eventually eroded away; but since they had made East Texas a highland, rivers flowed westward into a great Permian Basin in west central Texas. This Permian Basin accumulated sediment and dead organisms to form great oil and gas deposits. In Triassic times, these westward-flowing streams meandered more slowly through the base of the Panhandle to provide a stream edge environment for giant amphibians and strange reptiles, whose remains are plentiful in Texas Triassic rocks today. There were then no Rocky Mountains to the west to hinder such streams.

By the Cretaceous period of the Age of Dinosaurs, the mountains were long eroded away and the Gulf of Mexico moved inland across Texas to begin piling great beds of limestone, shale, and sandstone on top of this ancient continental edge. Under Dallas today, the Ouachita mountain roots are buried beneath 3,000 feet of Gulf bottom sediments. The once mountainous area was covered completely by great flatbeds of marine sediment.

But the story of the actual Balcones Fault Zone was just beginning. A zone of weakness remained beneath the great load of sediment. Finally, during early Tertiary times, the rocks cracked along the fault zone to create the famous Balcones Fault Zone. Rock layers on the Gulf side of the fault slipped thousands of feet lower than their counterparts west of the fault. It must have been a violent earthquake zone for millions of years. Today it is fairly stable and quiet.

The elevated position of the Lower Cretaceous limestones west of the fault zone causes the underground water in them to form many springs and caverns along the zone. The caverns sheltered many Pleistocene animals such as mammoths and saber-toothed cats. As a result, these caves today are often productive fossil hunting sites, and many interesting and important finds have been made in them.

One of the most prominent features of the Texas geologic map is the circular area of various textures at the center of the state, just west of the city of Austin. Called the Central Mineral Region or the Llano Uplift, it consists of very ancient Precambrian period rocks–far too old themselves to contain any very recognizable fossils. Nonetheless, this feature has created one of the most interesting fossil outcrops in Texas. When the older, deeper Precambrian rocks were uplifted by geologic factors still poorly known, they also bent upwards, in a circle around them, a series of fossil-bearing strata of much greater age than usually found on the surface in Texas.

The phenomenon was much like a bullet piercing several layers of material. Because of this, as one approaches the uplift area, one passes from Cretaceous to Pennsylvanian to early Paleozoic rock layers, such as the Cambrian period. Since many fossils of great interest to collectors (such as trilobites) have many interesting species limited to the early Paleozoic era, this uplift creates a very desirable fossil-collecting opportunity.

Straight west of the Llano Uplift in the Big Bend area of the Texas geologic map occurs another, smaller, circular area of rock of early Paleozoic age–the Marathon Basin. Similarly, fossils of the Cambrian, Ordovician, and Devonian periods occur there as well, making the Marathon area a mecca for collectors.

Immediately west of the Marathon Basin’s ancient Paleozoic rocks occurs a large area of volcanic ashes and lavas. These are of great interest to mineral collectors, but because they were too hot while forming, they contain few if any fossils. They are the result of forces released after the Age of Dinosaurs (the Mesozoic era) by the newly formed Rocky Mountains, which shoved and cracked the rocks of the Big Bend region, releasing volcanic lavas and ashes from below.

At a glance one can see that the northern extension of Texas, the Panhandle, is marked by some interesting changes in texture on the geologic map. Most of the western edge of the Panhandle is of one uniform texture that marks the elevated, flat plains country of the southern High Plains of North America. For reasons that still elude historians, the Spaniards called this area the Llano Estacado, which has been translated as the Staked Plains. Composed of rather recent sediments washed down from the Rocky Mountains during the last ten to fifteen million years, the Staked Plains is geologically much younger than the rest of the state. It is an excellent area in which to find fossils of the great herds of grazing animals such as horses, camels, and prehistoric elephants that occupied these plains just before modern times. Temporary pools of water, some miles in extent, have formed on the flat, poorly drained Llano Estacado for millions of years. Today they are called playa lakes. Their very unreliable source of water provided both a place and a reason for many animals to die there and be buried and fossilized.

The center of the Texas Panhandle on the geologic map has a prominent line running north and south separating the flat plains of the western and northern Panhandle from the Permian sediments to the east. This line is a prominent difference in elevation as well, where the eroded edge of the Rocky Mountain outwash stands in places several hundred feet above the land to the east. The limey soils of the plains have formed a calcified soil called caliche, which resists further erosion of the cliff face and gives the feature its popular name, the Caprock.

At the base of the Caprock a very important layer of fossil rock from the Triassic period is exposed. On the geologic map the Triassic outcrop parallels the north-south line of the Caprock and expands several counties wide at the base of the Panhandle. It is important because it represents dry land deposits from the Age of Dinosaurs, unlike the plentiful sea-bottom Cretaceous rocks from later in the same era. The Triassic, therefore, offers the chance to find remains of large land reptiles or dinosaurs that were not sea dwellers. Although not extensive, these Triassic beds yield very interesting fossil material.

Just below the eastern Panhandle, and to the east of the Triassic rock layers, is a large outcrop of Permian period rock. Since many of the Permian beds are quite reddish due to iron content, this area is often called the Permian Redbeds. These represent the last part of the Paleozoic era. Trilobites were just facing extinction, and on land the fin-backed Dimetrodon reptile heralded the great reptiles yet to come in the next era, the Mesozoic. Many relatively large predinosaur age reptiles were excavated in the Permian Redbeds during the late 1800s and the early 1900s. Similar to the Triassic rocks, the Permian rocks are mainly land deposits. For millions of years this part of Texas was on the western side of the mountains that were thrust up by continental collisions along the line occupied today by the Balcones Fault. Ancient rivers running westward across these Permian and later Triassic areas provided the best places for fossils to have formed.

Those are the most obvious aspects of Texas geology as revealed by the geologic map. Such variety should provide fossil collectors with many good clues as to where to begin a fossil hunt. Remember, although it merely looks like textures on a map, all that land is under ownership. Always get permission.



3. Collecting Fossils

The most important thing to remember when collecting a fossil is that it has waited for you to come along for perhaps millions of years, with all its clues about itself intact. When you collect it, you take on responsibility for those clues–which even the most professional collector must disturb somewhat when plucking a fossil from its surroundings. Keep records. Be observant.

A good collector will have a field notebook for recording the exact rock situation, layer, and formation in which the fossil was laying. Naturally, the location will be noted. Excellent collectors will use their powers of observation to make a few comments about just how the fossil was embedded and other surrounding features of interest, such as what other common fossils were in the same layer. Science is built on observations, not on a pile of fossils alone.

Just as important, good collectors will have materials with them to protect the fossil from damage until it gets home. The most inexpensive wrap is old newspaper, although some delicate and small specimens require little boxes or bottles. It is a good idea to wrap a number or name with the fossil that will relate it to the notebook notation.
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