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1.  Geologic History of Texas:  The Making of Texas over 1.5 Billion YearsThis presentation summarizes the major geologic features of Texas and contiguous regions and their origin over the past 1.5 billion years.  Selected modern environments will be used to illustrate the processes that created these ancient features.Additional ResourcesKyle, J. R., Geology and Mineral Resources of Texas:http://www.geo.utexas.edu/335/ Spearing, D., 1991, Roadside Geology of Texas: Mountain Press, Missoula, MT, 416 p.Swanson, E., 1995, Geo-Texas: A guide to the earth sciences: Texas A & M Univ. Press, 208 p.
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3. Texas Today
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3. Texas TodayWe are used to thinking of Texas in terms of its present geographic features and its relationship to other geographic features in southern North America.  Texas is presently located at about 26° to 36° North latitude and 94° to 106° West longitude.  From the geologic perspective, Texas today occurs well away from major tectonic boundaries, in what is referred to as a "passive" continental margin.  But Texas has not always had this current geography or been in this position on the globe.Note: A passive continental margin is the trailing edge of a continent with respect to its motion (whereas an active continental margin is the leading edge of continent).  The Gulf coast and Atlantic coast of North America are examples of passive margins and the Pacific coast is an example of an active margin. Thought question  What are three main types of plate tectonic boundaries?SourceDalziel, I. W. D., 2000, Texas through Time: Discovery, University of Texas at Austin, p. 12-18.



Plate Tectonics
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4. Plate TectonicsThe surface of the Earth has been constantly changing throughout its history in response to processes deep within the planet.  New oceanic crust is created at spreading centers (constructive plate margins) and moves as opposing belts away from these centers.  Oceanic crust commonly descends under the margins of continental plates along subduction zones (destructive plate margins); these result in global zones of earthquake and volcanic activity, such as the circum-Pacific "Ring of Fire".  Plate interactions commonly result in mountain formation along the edge of continental plates; rifting within continental plates may produce linear basins and perhaps plate separation to form new ocean basins.  Although much of Texas is relatively inactive in terms of major tectonic processes today, all of these processes have been dynamically active during several periods in Texas' ancient history.SourceSimkin, T. and others, 1989, This Dynamic Earth: World Map of Volcanoes, Earthquakes, and Plate Tectonics (poster): U. S. Geological Survey, Washington, D. C.Additional ResourcesFor more information on Plate Tectonics, see web links below.http://pubs.usgs.gov/publications/text/dynamic.htmlhttp://www.cotf.edu/ete/modules/msese/earthsysflr/plates1.htmlhttp://wwwneic.cr.usgs.gov/neis/plate_tectonics/rift_man.htmlhttp://www.hartrao.ac.za/geodesy/tectonics.htmlhttp://observe.ivv.nasa.gov/nasa/earth/tectonics/Tectonics_cool.htmlMuehlberger, W. R., 2000, Studying the Earth from Manned Spacecraft  (CD-ROM):  Department of Geological Sciences, Outreach Lecture Series, v. 2, University of Texas at Austin.
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5. Texas GeographyTexas' land surface and climate result in a variety of geographic provinces, ranging from the Piney Woods of east Texas, the marshes and beaches of coastal Texas, the Edwards Plateau, the High Plains of the Panhandle, and the alternating basins and mountain ranges of Trans-Pecos Texas.Thought questions What are the maximum and minimum elevations of Texas?	What are the maximum and minimum elevations of your county?	Source	Physiographic Map of Texas, 1996, Bureau of Economic Geology, 	University of Texas at Austin.



Texas Geology

Austin

Presenter
Presentation Notes
6. Texas GeologyThe geologic map shows the patterns of rocks of various types and ages on the surface of Texas.  Various older rocks are covered by younger materials in many areas.  Rocks as old as 1.5 billion years and as young as today are present within the state.  These include: igneous rocks that solidified from magma extruded from deep in the earth; sedimentary rocks formed from broken fragments of older rocks, the remains of organisms, and salt deposits due to evaporation; and metamorphic rocks formed by changes to other rocks types caused by high temperatures and pressures typically associated with deep burial accompanying major mountain-building events.SourceGeology of Texas, 1992, Bureau of Economic Geology, University of Texas at Austin.



7. Geologic time scale – major Texas events
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7. Geologic Time Scale – Major Texas EventsThe geologic time scale shows the time periods that have been defined by geologists using studies of the global rock record.  The Earth is believed to be about 4.5 billion years old, and the oldest rocks known on the planet are almost 4 billion years old.  The rock record in Texas begins about 1.5 billion years ago during the Precambrian era.  We will work our way up the rock record preserved in Texas, using this evidence to interpret the major geologic events in the history of the state.  We will see that there were times when there were explosive volcanoes, strong earthquakes, Himalaya-scale mountain ranges, vast deserts, evaporating salt basins, tropical forests, river and delta systems, tropical seas and barrier reefs, and beaches and barrier islands.Additional ResourcesGeologic Time Scales:http://www.dinosauria.com/dml/history.htmhttp://www.ucmp.berkeley.edu/help/timeform.htmlGeologic Time Scale with activities for students:http://www.cotf.edu/ete/modules/msese/earthsysflr/geotime.html	



Geologic Time Principles

8. Geologic Time Principles
Several geologic principles are fundamental to using the rock record to 
interpret processes.
Original Horizontality: Most rocks that form at the Earth's surface are 
deposited in essentially horizontal layers.  Therefore, when layered 
rocks are not horizontal, they probably have been affected by post-
depositional processes such as a tectonic event. 
Superposition: When layered rocks are formed, they are deposited in 
an orderly sequence with the oldest being at the base of the sequence 
and the strata becoming progressively younger upward.  Therefore 
when a sequence of rocks differs from the predicted sequence, or layers 
are missing, then an explanation for the cause of these differences is 
required.
Cross-cutting Relationships: Features such as faults or igneous 
intrusions generally cross-cut or affect all rocks that were present locally 
at the time of the faulting or intrusive event. 
Uniformitarianism: Present Earth processes are useful in 
understanding the types and rates of processes that have affected the 
Earth during past periods of geologic history.
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8. Geologic Time PrinciplesSeveral geologic principles are fundamental to using the rock record to interpret processes.Original Horizontality: Most rocks that form at the Earth's surface are deposited in essentially horizontal layers.  Therefore, when layered rocks are not horizontal, they probably have been affected by post-depositional processes such as a tectonic event. Superposition: When layered rocks are formed, they are deposited in an orderly sequence with the oldest being at the base of the sequence and the strata becoming progressively younger upward.  Therefore when a sequence of rocks differs from the predicted sequence, or layers are missing, then an explanation for the cause of these differences is required.Cross-cutting Relationships: Features such as faults or igneous intrusions generally cross-cut or affect all rocks that were present locally at the time of the faulting or intrusive event. Uniformitarianism: Present Earth processes are useful in understanding the types and rates of processes that have affected the Earth during past periods of geologic history. 



Central Texas roadcut
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9. Central Texas RoadcutThese limestones in Llano County originated in shallow tropical seas about 520 million years ago during the Cambrian period.  Although the rocks have been lifted above sea level, they are still relatively horizontal and are stacked in progressive younger layers from the base to the top of the exposure.  Note the presence of a fault along which the strata are offset; this faulting took place during the late Paleozoic Ouachita tectonic event.  The deeply eroded roots of this major Ouachita Mountain belt are buried by younger Cretaceous strata in the Austin area and are exposed in the Marathon Uplift region of west Texas. Note the Paleozoic Era ended approximately 250 million years ago, while the Cretaceous Period began approximately 144 million years ago.Thought question  What geologic principles are illustrated by this exposure?



Llano stratigraphic column
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10. Llano Stratigraphic ColumnA graphical display of all of the rocks present in a study area in their relative age sequence is termed a stratigraphic column.  A stratigraphic column for the Llano region of central Texas shows a wide variety of rock types ranging from igneous and metamorphic rocks of late Precambrian age to the Cretaceous limestones that are present near Austin.  However, not all of the geologic periods are represented by the rock record.
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11. Time Interpretation Based on Llano Stratigraphic ColumnThe absence of rocks of certain geologic ages requires an explanation of the processes that caused their absence.  There are several processes that could cause rocks to be missing, but most sedimentary rocks are deposited in bodies of water, particularly in continental margin and marine basins.  Although sediments can be deposited on land, such sediments are less common in the rock record because of erosion which dominates on surfaces above sea level.As illustrated by the Llano stratigraphic column, the time gaps between rock units represent several major periods of erosion.  The largest of these during the latest part of the Precambrian represents more than 500 million years, as much time as represented by the rest of the rock record!  The youngest erosional period is represented by the modern land surface developed on Cretaceous rocks in central Texas, indicating that this area has been land since about 100 million years ago.These are the types of interpretations that geologic detectives extract from the rock record to establish the framework for more elaborate interpretations.  We are going to travel across Texas examining the rocks and using them to develop the collage that records the history of this part of the world over the last 1.5 billion years.



Central Texas geologic map
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12. Central Texas Geologic MapWe will start with the oldest history of Texas, as recorded in the rocks exposed in the Llano region west of Austin.  Although there are many details that we do not know about these ancient rocks, it is appropriate that we start with the oldest rocks and move forward in time toward today.  Otherwise, it would be like watching a movie in reverse from the end toward the beginning.  SourcesProctor, C. V., and others, 1981, Austin Sheet: Bureau of Economic Geology, University of Texas at Austin, Geologic Atlas of Texas (1:250,000), GA0003.Barnes, V., 1981, Llano Sheet: Bureau of Economic Geology, University of Texas at Austin. 



Deformed metamorphic rocks cut by granite dike
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13. Deformed Metamorphic Rocks Cut By Granite DikeWe are left with a significant challenge to understand these rocks not only because they are old, but because they have been changed substantially from their original nature as a result of being buried to great depths and subjected to high temperature and pressure.  Following this period of deep burial and metamorphism, magma was intruded to form masses of granite.Note the small “dike” of granite cutting through the folded metamorphic rock.Thought questionWhat is the process that changes these materials due to high temperature and pressure conditions?



Enchanted Rock
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14. Enchanted RockLarge granite masses have been uplifted and eroded to form features such as Enchanted Rock.  The domal shape of the granite mass is a function of its uplift from great depth which caused the granite to expand and spall off, or exfoliate, in sheets.Note: The exfoliation of rock layers is said to produce an eerie sound, suggesting to early visitors that the area was enchanted.Additional ResourcesLlano uplift:http://uts.cc.utexas.edu/~rmr/llano.html



Granite slabs
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15. Granite SlabsThese coarse-grained granites are widely used as building stones in state government buildings in Austin and are marketed around the world.  The large size of the mineral crystals that make up the rock indicate that these granites formed deep within the earth which allowed the granite magma to cool slowly and the crystals to grow large.  Thus, much material has been eroded from the top of the granite exposures that are present in the Llano Uplift.



Tectonic Model for the Precambrian History of the Llano Region
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16.  Tectonic Model for the Precambrian of the Llano RegionThe Llano metamorphic rocks and granites are believed to be related to the collision of a major continental mass with the southern margin of what is now North America.  This would have produced a mountain range probably on the scale of the modern Himalaya Mountains.SourceMosher, S., 1998, Tectonic evolution of the southern Laurentian Grenville orogenic belt:  Geological Society of America Bulletin, v. 110, p. 1357-1375. 
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17. HimalayasThe Himalaya Mountain range was formed by the collision of the Indian plate with the Asia tectonic plate starting about 45 million years ago.  This collision uplifted the Tibetan Plateau and has been proposed to be responsible for some changes in global climate.Other ResourcesRuddiman, W. F. (ed.), 1997, Tectonic Uplift and Climate Change, Plenum Press, New York,  535 p.



Late Proterozoic Position of Texas
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18. Late Proterozoic Position of TexasUsing information recorded in the rocks which indicate their formation conditions and their relationship to magnetic north, as well as information about the processes, rates, and vectors of tectonic plate movements, sophisticated computer programs such as the PLATES project at The University of Texas at Austin Institute for Geophysics (UTIG) have reconstructed possible plate positions during various time periods in the past.  Several of these PLATES reconstructions are shown in this presentation, courtesy of Ian Dalziel and Lisa Gahagan of the UTIG.PLATES Link http://www.ig.utexas.edu/research/research.htmlA reconstruction about 750 to 1,000 million years ago suggests that Texas was near the southernmost part of South America and Antarctica. SourcesDalziel, I. W. D., 1997, Neoproterozoic-Paleozoic Geography and Tectonics: Review, Hypothesis, Environmental Speculation: Geological Society of America Bulletin,, v. 109, p. 16-42.Dalziel, I. W. D., and Gahagan, L. M., 1999, The Making of Texas (poster): University of Texas at Austin Institute for Geophysics.  Dalziel, I. W. D., 2000, Texas through Time, Discovery: University of Texas at Austin, p. 12-18.



Precambrian – Paleozoic time chart
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19. Precambrian – Paleozoic Time ChartThe youngest rocks of Precambrian age in the Llano region are granites that formed about 1,090 million years ago.  The next youngest rocks are sandstones that were formed in the Late Cambrian at about 520 million years.  Thus, an enormous amount of time is represented by the unconformity between these units.  During this period of time that exceeded 500 million years, it is believed that as much as 10 miles of rock were eroded from the Proterozoic mountain range to expose the coarse-crystalline granites.



Complex topography on Enchanted Rock
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20. Complex Topography on Enchanted RockThe topography on the deeply eroded Precambrian surface was probably similar to that present today on areas such as Enchanted Rock.  This would have been the surface that would have been progressively drowned by the rising sea level in the late Cambrian that would have produced the basal sandstones and overlying limestones.



Great Barrier Reef, eastern Australia
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21. Great Barrier Reef, Eastern AustraliaThe present topography on the continental shelf and margin of eastern Australia provides a visual impression of this type of environment, where the rising sea level has resulted in the development of the Great Barrier Reef and associated carbonate sediments.Thought questionWhat is present in this view that would not have been present during the Cambrian?  (vertebrates and land plants)



PLATES Lower Paleozoic reconstruction
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22. PLATES Lower Paleozoic ReconstructionThis reconstruction suggests that about 545 million years ago southern North America was in an equatorial position and rotated approximately clockwise 90° from its current position.  This position would have been compatible with the development of the shallow tropical seas in which organisms with calcareous shells flourished.  These sediments were converted into the thick limestones that are exposed around the Llano Uplift and are present in the subsurface throughout much of central and west Texas. SourceDalziel, I. W. D., and Gahagan, L. M., 1999, The Making of Texas (poster): University of Texas at Austin Institute for Geophysics.  



Lower Paleozoic life panorama
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23. Lower Paleozoic Life PanoramaThis painting shows what Texas might have looked like about 400 million years ago.  Although plants had appeared on land by that time, animals were still mainly confined to the water.  The fish at left is called Bothriolepis ("BO-three-oh-LEPP-iss"); it may have had functional lungs. SourceThis painting was created by John Maisano of the Texas Memorial Museum. 
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24. Marathon MapDuring the Lower Paleozoic, fossil-rich limestones were formed in the shallow tropical seas of central Texas.  Sediments were deposited at the same time in deep water environments.  Although these rocks are widely distributed in the subsurface, they are only exposed in some small areas near Marathon in west Texas in what is referred to as the Marathon Uplift.SourceRenfro, H. B., and others, 1973, Geological Highway Map of Texas: American Association of Petroleum Geologists, Tulsa, OK.
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25. Marathon ExposuresThe Paleozoic sediments include limestone, fine-grained sandstones and mudstones (such as these thinly bedded turbidites of the Haymond Formation), along with an unusual silica-rich unit known as the Caballos Novaculite (not shown in this image - see next image).  These units have been deformed into steeply dipping rocks exposed in the roadcut; note the flat-lying rocks in the distance which are the Cretaceous limestones that were formed after the Paleozoic rocks were deformed.  If we removed about 1,500 feet of Cretaceous limestone cover rocks from the Austin area, a similar relationship would be exposed in the Hill Country of central Texas. Note: A turbidite is a sedimentary deposit formed from a turbidity current (density current).



Caballos Novaculite aerial exposures
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26. Caballos Novaculite Aerial ExposuresThis false-color aerial image reveals the distinct exposure pattern of the Caballos Novaculite, which is more resistant than the other units and typically forms ridges.  Note the highly contorted nature of the exposures, indicating that these units have been highly deformed by later tectonic events.SourceImage provided by NASA.  See http://eol.jsc.nasa.gov



Marathon tectonic evolution
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27. Marathon Tectonic EvolutionThis series of diagrams depicts the history of the rocks now exposed in the Marathon Uplift from about 500 to about 270 million years ago.  For most of this time period, the lower Paleozoic sediments were accumulating slowly off the continental margin.  Then starting about 350 million years ago, sediments were supplied much more rapidly as the result of an approaching landmass.  This landmass, the northern part of South America collided with the southern part of North American to produce the highly deformed rocks presently exposed at Marathon.  These deformed rocks are termed the Ouachita Mountain belt and extend from west Texas to the east under younger rocks toward San Antonio and northward under Austin, Waco, and Dallas, before resurfacing in eastern Oklahoma and western Arkansas in the Ouachita Mountains as we think of them today. 



New Guinea
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28. New GuineaThe southern part of the island of New Guinea provides a visual impression of what the Ouachita Mountain range might have looked like 300 million years ago, that is, a young mountain belt with rapid erosion providing abundant sediment into a lowland region on which extensive tropical forests grew.



PLATES Late Paleozoic
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29. PLATES Late PaleozoicThis PLATES reconstruction depicts the impending tectonic merger of North America, South America, Africa, and Europe to produce Pangea ("all land") at the end of the Paleozoic.  Note the position of Texas near the equator and interior within the Pangea supercontinent.  Pangea would remain as a fused mass for about 100 million years along the Ouachita-Appalachian-Caledonide suture, another major mountain range that developed across Texas.    SourceDalziel, I. W. D., and Gahagan, L. M., 1999, The Making of Texas (poster): University of Texas at Austin Institute for Geophysics. 



Ouachita Orogeny and Formation of the Permian Basin
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30. Ouachita Orogeny and Formation of the Permian BasinThe collision of South America with North America resulted in the displacement of the Ouachita sediments more than 100 miles toward the north from the original site of their formation.  The interlocking nature of the collision zone resulted in a series of basins separated by relatively uplifted platforms or shelf regions.  These features collectively form the Permian Basin of west Texas and contiguous regions.SourceRoss, C. A., 1986, Paleozoic evolution of southern margin of Permian Basin: Geological Society of America Bulletin, v. 97, p. 626-637.   



Delaware Basin
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31. Delaware BasinThe Delaware Basin and its surrounding shelves and platform provide a well-studied example of the controlling features for the development of the Permian strata.  Geologists from around the world study these classic exposures of the relationships among shelf and basin sediments and the association with one of the world's greatest petroleum-producing regions.Additional Resources Permian Reef Complex (Delaware Basin) of West Texas:http://www.science.ubc.ca/~eoswr/slidesets/guad/slidefiles/ Bebout, D. G., and Kerans, C., eds., 1993, Guide to the Permian Reef Geology Trail, McKittrick Canyon, Guadalupe Mountains National Park, West Texas: Bureau of Economic Geology, University of Texas at Austin, 48 p.



Delaware Basin Section

Presenter
Presentation Notes
32. Delaware Basin SectionA slice through the basin margin shows the development of thick Permian limestone reefs which are spectacularly exposed in the canyons of the Guadalupe Mountains that cut across the shelf margin.  Early in the basin history, fine-grained sandstones and mudstones were transported to the deeper parts of the basin.  Later, as the connection to the open ocean became restricted, evaporation of seawater produced thick layers of salt and related evaporite minerals that filled the basin. Note: The term carbonates refers to limestones, while siliciclastics refers to sandstones and mudstones. 



El Capitan Reef
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33. El CapitanEl Capitan is a world-famous landmark formed from the Permian limestones.  Uplift of the western margin of the Delaware Basin during the later Tertiary started the development of this distinctive exposure.  Note the Permian Period ended approximately 250 million years ago while the Tertiary began approximately 66 million years ago. 



Permian Basin filling by Evaporites
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34. Permian Basin Filling by EvaporitesDuring the late Permian, the connection with the open ocean became restricted and the supply of fresh water by rainfall or streams was trivial in this desert environment.  Solar evaporation in the continental interior where Texas was located resulted in the filling of the basin by gypsum, salt, and other evaporite minerals. 



Evaporation
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35. EvaporationThis classic experiment illustrates the mineral products that would form during the progressive evaporation of a container of seawater containing about 3.5% total dissolved solids.  The evaporite process in a large sedimentary basin predictably is more complicated.  To achieve the great thickness of salt and other evaporite minerals present in the Delaware Basin, the basin must continue to be replenished by seawater for a long period of time during evaporation.



Potash-bearing salt at Carlsbad
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36. Potash-Bearing Salt at CarlsbadIn the case of extreme evaporation and concentration of salts, rare minerals such as potassium and magnesium salts are formed.  This photograph was taken underground at one of the potash mines developed in the Delaware Basin near Carlsbad, New Mexico.  The Delaware Basin evaporites are the largest potash deposits in the United States and are used in agricultural fertilizer.



Mesozoic – Cenozoic time chart
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37. Mesozoic – Cenozoic Time ChartThe Mesozoic Era began 245 million years ago with Texas locked in the interior of Pangea under desert conditions during a warm period in the Earth's history.  Rifting of South America from North America produced local linear basins that formed the framework for basins that would develop in the Gulf of Mexico region.  These were filled with a thick sequence of salt (Louann) that much influenced the history of the Gulf of Mexico Basin even today.  During the Cretaceous, extensive limestone deposits, such as those we see in Central Texas were formed in shallow tropical seas, along with local volcanoes.  Dinosaurs ruled the land.  Toward the end of the Mesozoic Era, the Rocky Mountains were formed during the Laramide Orogeny that affected the western coast of North America.  This rising mountain range provided enormous amounts of sediments that were transported by rivers to the Gulf of Mexico. During the late Cretaceous through mid-Tertiary, an extensive volcanic field extended from the Pacific Ocean through western Mexico and the southwestern United States into Trans-Pecos Texas.  Explosive volcanic eruptions covered older Mesozoic and Paleozoic strata. Rifting in west Texas and central New Mexico has created a series of uplifted mountain ranges separated by linear basins in which sediments continue to be deposited.



PLATES Early Mesozoic
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38. PLATES Early MesozoicThe Mesozoic Era began 245 million years ago with Texas locked in the interior of Pangea under desert conditions.  This PLATES reconstruction indicates the initial separation of Pangea due to rifting of the fused continents beginning about 200 million years ago.  Rifting produced local linear (elongate) basins that formed the framework for basins that would develop in the Gulf of Mexico region.  Triassic "red-bed" sediments formed in these deserts are locally preserved in Texas, but most are covered by younger sediments.  The red color of the “red-beds” is due to iron oxide coating sediment grains.SourceDalziel, I. W. D., and Gahagan, L. M., 1999, The Making of Texas (poster): University of Texas at Austin Institute for Geophysics.  



Rifting and Formation of the Gulf of Mexico Basin
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39. Rifting and Formation of the Gulf of Mexico BasinSeparation of South America from North America occurred in a series of rift basins.  Note the position of the Yucatan Peninsula prior to the opening of the Gulf of Mexico.Additional ResourcesSalvador, A., ed., 1988, The Gulf of Mexico Basin: Decade of North American Geology, Vol. J, Geological Society of America, Boulder, CO, 568 p.
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40. Death Valley, CaliforniaDeath Valley and other modern rift basins in southern California provides a visual impression of what the incipient Gulf Coast rift basins might have looked like perhaps 200 million years ago.  Fault-bound basins were several thousand feet lower than the surrounding mountain ranges; coarse sediments were eroded from the highlands and built alluvial fans into and filling up the basins.  Small volcanoes were developed along the fault zones.  Most water evaporated to form local salt lakes in this inhospitable desert environment.  



Gulf of Mexico – Pacific Connection
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41. Gulf of Mexico – Pacific ConnectionWith continued rifting, a connection was opened to the Pacific Ocean through Mexico, allowing seawater access to the rift basins in the Gulf of Mexico.  In this equatorial environment, an enormous amount of seawater was evaporated to form a layer of salt several thousand feet thick in the rift basins shown by the pink regions.  Rifting along the deeply eroded roots of the Ouachita Mountain belt initiated formation of the East Texas Basin and main Gulf of Mexico Basin.SourceSalvador, A., ed., 1988, The Gulf of Mexico Basin: Decade of North American Geology, Vol. J, Geological Society of America, Boulder, CO, 568 p.



Distribution of northern Gulf of Mexico Salt Diapirs
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42. Distribution of northern Gulf of Mexico Salt DiapirsThe present distribution of Jurassic salt is shown by the red dots and irregular masses in the northern Gulf of Mexico.  A layer of salt is less dense than the surrounding water-saturated sediments.  Thus, when sediments were deposited on top of the thick Jurassic salt, the salt flowed laterally and upward to form a variety of salt structures. SourceWornall, D. M., and Snelson, S., 1989, Evolution of the northern Gulf of Mexico, with emphasis on Cenozoic faulting and the role of salt, in Bally, A. W., and Palmer, A. R., eds., The Geology of North America- an Overview: Geological Society of America, Decade of North American Geology, Vol. A, p. 97-138.



East Texas Basin Salt Structures
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43.  East Texas Basin Salt StructuresThe East Texas Basin is one of the world's best studied regions for understanding the formation of salt domes.  Here the younger sediments have been removed, revealing the variety of salt structures shown in red.  Note that the salt layer is only in its original layered position around the margin of the East Texas Basin, that is, the salt has been totally remobilized into salt pillows and diapirs in the center of the basin.  A lot of salt has also been dissolved to form the salty waters, or brines, commonly associated with oil fields. Additional ResourcesSeni, S. J., and Jackson, M. P. A., 1984, Sedimentary records of Cretaceous and Tertiary salt movement, East Texas Basin:  RI139, Bureau of Economic Geology, University of Texas at Austin, 89 p. 



Salt in a Salt Dome Mine
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44. Salt in a Salt Dome MineAs salt flows away from its original position, the salt layers are folded and recrystallized like metamorphic rocks.  This exposure in a mine in a Louisiana salt dome shows the steeply dipping folds of coarse-crystalline salt.  The darker zones have greater amounts of impurities, and the light zones are pure halite (sodium chloride).  Salt flows are similar in motion and speed as glacial ice flows and much research has been done to model the processes and rates of salt movement.The viewed image is approximately 10 feet across.Additional ResourcesSalt Tectonics: http://www.utexas.edu/research/beg/giovanni/ Leslie, S., and Kyle, J. R., 1997, Salt dome geology and mineral resources: an interactive tutorial (CD-ROM): Department of Geological Sciences, University of Texas at Austin.Martinez, J. D., 1991, Salt domes: American Scientist, v. 79, p. 420-431.



Distribution of Cretaceous Limestones

Presenter
Presentation Notes
45. Distribution of Cretaceous LimestonesThe early Mesozoic sediments are covered by younger sediments in the Texas Gulf Coast, so they are largely known from subsurface information derived during petroleum exploration.  The later Mesozoic or Cretaceous strata have extensive exposures in Texas and are well known.  High global sea levels in the Cretaceous flooded the shallow shelf to create the perfect conditions for organisms with calcareous shells that are converted into the thick limestones that are present throughout much of central Texas. 



Cretaceous Limestone Exposures along the Colorado River in Austin
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46. Cretaceous Limestone Exposures Along the Colorado River in AustinThick Cretaceous limestones form exposures like these along the Colorado River and extending westward to form the Texas Hill Country and the Edwards Plateau.ResourceTrippet, A. R., and Garner L. E., 1976, Guide to Points of Geologic Interest in Austin: Bureau of Economic Geology, University of Texas at Austin, GB0016, 38 p.



Cretaceous Volcanoes in Central and South Texas

Uvalde area

Pilot Knob
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47. Cretaceous Volcanoes in Central and South TexasSmall volumes of basaltic magma reached the surface along faults in the Cretaceous shelf to form small volcanoes such as Pilot Knob in south Austin.  These Cretaceous volcanoes (shown as red dots) are abundant in the Uvalde area of south Texas.SourceEwing, T. E., 1990, Tectonic Map of Texas (1:750,000): University of Texas at Austin, Bureau of Economic Geology.Additional Resources Barker, D.  S., 2000, Volcanoes:  Killers and Creators  (CD-ROM):  Department of Geological Sciences, Outreach Lecture Series, v. 3, University of Texas at Austin. 



Hawaii volcano
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48. Hawaiian VolcanoIf we looked toward south Austin about 100 million years ago, perhaps we would have viewed a scene somewhat like this with a small volcanic cone sticking above a warm tropical sea, a scene that was fossilized as Pilot Knob surrounded by Cretaceous limestones.



Cretaceous Interior Seaway
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49. Cretaceous Interior SeawayThe incipient Rocky Mountains forming in western North America created a linear depositional environment, the Cretaceous "interior seaway", within the North American continent. Conditions favorable for marine organisms with calcareous shells were widespread in the southern part of the region and resulted in the extensive limestones that are present throughout much of central and west Texas.   SourceEricksen, M. C., and Slingerland, R., 1990, Numerical simulation of tidal and wave-driven circulation in the Cretaceous Interior Seaway of North America: Geological Society of America Bulletin, v., 102, p. 1499-1516.



West Texas Cretaceous Stratigraphy
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50. West Texas Cretaceous StratigraphyLimestones of early Cretaceous age form massive exposures in west Texas, and even thicker sequences are present in northern Mexico.  The rising Rocky Mountains formed a major sediment source for sands and muds carried eastward toward the Gulf of Mexico Basin.  The later Cretaceous sediments in west Texas became increasingly muddy, thus destroying the conditions that allowed the marine organisms to form the extensive early Cretaceous limestones.



Clean up

Formation of the Rocky Mountains
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51. Formation of the Rocky MountainsThe formation of the Rocky Mountains was well established by about 80 million years during the late Cretaceous and continued into the early Tertiary.  The Laramide Orogeny was related to a subduction zone developed along the western coast of North America. 



Mesozoic Life – Dinosaurs
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52. Mesozoic Life – Dinosaurs!This painting shows what Texas might have looked like about 70 million years ago.  The Texas Pterosaur ("TARE-uh-soar", Quetzalcoatlus northropi) soars over a coastline and the Alamosaurus dinosaur. SourceThomas M. Evans created this painting for the Waltz Across Time exhibit at the Texas Memorial Museum.



PLATES End Cretaceous Asteroid Impact
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53. PLATES End Cretaceous Asteroid ImpactThis PLATES reconstruction shows the Gulf of Mexico about 65 million years ago with much the same configuration as we know of it today.  However, a major extraterrestrial event near the Cretaceous-Tertiary transition is believed to have affected the Gulf of Mexico and the entire planet.  The Chicxulub crater in the Yucatan Peninsula records the impact of a large extraterrestrial object.  Climatic changes related to this event are believed to have caused major changes in the Earth's biota, including extinction of many species, such as the dinosaurs.    SourceDalziel, I. W. D., and Gahagan, L. M., 1999, The Making of Texas (poster): University of Texas at Austin Institute for Geophysics.Additional ResourcesDingus, L., and T. Rowe. 1997.  The Mistaken Extinction - Dinosaur Evolution and the Origin of Birds.  New York, W. H. Freeman & Co., 322 p.  Rowe, T., 1999, What Happened to the Dinosaurs  (CD-ROM):  Department of Geological Sciences, Outreach Lecture Series, v. 1, University of Texas at Austin. 



Subduction off the Western Coast of Southern North America
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54. Subduction Off the Western Coast of Southern North AmericaThe subduction zone off the western coast of southern North America resulted in a vast zone of magmatism that extended all the way to west Texas.



Mid-Tertiary Volcanic Field
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55. Mid-Tertiary Volcanic FieldDuring the late Cretaceous through mid-Tertiary, an extensive volcanic field extended from the Pacific Ocean through western Mexico and the southwestern United States into Trans-Pecos Texas.  Many of the volcanic rocks were explosively erupted from calderas and formed thick sequences of ash flow tuffs or ignimbrites that covered older Mesozoic and Paleozoic strata.Additional ResourcesMcDowell, F. W., and Clabaugh, S. E., 1979, Ignimbrites of The Sierra Madre Occidental and Thin Relation to The Tectonic History of Western Mexico: Geological Society of America, Special Paper 180, p. 113-123.



Explosive Volcanic Eruption
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56. Explosive Volcanic EruptionExplosive volcanic eruption on 7 October 1999 from the Pichincha Volcano west of Quito, Ecuador (in foreground).  These sorts of explosive volcanic eruptions were common in the development of the Trans-Pecos volcanic field.  Ash flows do not move as lava flows but as hot masses of gas-charged particles that are more analogous to flow of hot, wet sand.  These ash-flows move with speeds of 60 miles per hour or more and can flow over substantial topographic barriers.Additional ResourcesBarker, D. S., 2000, Volcanoes:  Killers and Creators  (CD-ROM):  Department of Geological Sciences, Outreach Lecture Series, v. 3, University of Texas at Austin.Quick time movies of ash flow eruptions:http://www.geo.mtu.edu/volcanoes/west.indies/soufriere/govt/images/http://www.geo.mtu.edu/~boris/STROMBOLI.html



Bofecillos Mountains ignimbrites
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57. Bofecillos Mountains IgnimbritesThese Tertiary volcanic and intrusive rocks are well exposed in southern Trans-Pecos Texas, such as these exposures in the Bofecillos Mountains. The Tertiary ash flows extend over considerable areas, such as these in the Davis Mountains, including those that form Mt. Locke on which McDonald Observatory is built.Additional ResourcesBig Bend National Park:http://www.maroon.com/bigbend/time/index.html



West Texas caldera field
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58. West Texas Caldera FieldAbout 12 Tertiary calderas and associated intrusive rocks have been identified in southern Trans-Pecos Texas ranging in age from about 38 to 28 million years.Note that the numbers on the map above refer to the ages of the caldera formation in millions of years.Additional Resources Price, J. G., and others, eds., 1986, Igneous geology of Trans-Pecos Texas:  Field trip guide and research articles: Guidebook 23, Bureau of Economic Geology, University of Texas at Austin, 360 p.



Laccolith Formation
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59. LaccolithMagmas emplaced at shallow levels commonly pushed up their covers of older sedimentary rocks and formed gum-drop shaped intrusions termed laccoliths.  These laccoliths commonly formed intrusive clusters and are common in the Christmas Mountains north of Big Bend Park.  Laccoliths form distinctive surface features where erosion has removed their roof rocks to expose their characteristic shapes.



Solitario
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60. SolitarioThe distinct surface expression of the Solitario in Big Bend Ranch State Recreational Area is a large laccolith for which erosion has only removed a portion of the roof rocks, thus preserving the distinctive upturned rim.This structure is approximately 10 miles across.Additional Resources Henry, C. D., and Muehlberger, W. R., eds., Geology of the Solitario Dome, Trans-Pecos, Texas:  Paleozoic, Mesozoic, and Cenozoic sedimentation, tectonism, and magmatism: RI240, Bureau of Economic Geology, University of Texas at Austin, 182 p. 



Gulf Coast sedimentary sequence
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61. Gulf Coast Sedimentary SequenceWhile explosive volcanism was active in west Texas, the northern Gulf of Mexico was being filled by sands and muds transported to the coast by extensive river systems draining the Rockies and continental interior.  The Cenozoic rivers built a thick sequence of sands and muds deposited in coalescing delta systems in the Gulf of Mexico. A slice through the present northern margin of the Gulf of Mexico shows the thick Tertiary sediment wedge.  Note that the middle Jurassic salt sequence (orange) has been remobilized into salt tectonic features and has moved upward though younger sediments to form salt masses that may be near the surface today.



Louisiana Bayou
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62. Louisiana BayouDuring the Tertiary, forests flourished adjacent to the rivers and in the swampy delta regions, as illustrated by a modern Louisiana bayou.



Tertiary Lignite Deposits in East Texas
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63. Tertiary Lignite Deposits in East TexasMid-Tertiary forests are preserved as the extensive lignite deposits (low-rank coal) that are mined in many regions of the Gulf Coast as sources of fossil energy for electricity generation for the regional power grid.



Gulf of Mexico Shoreline since the Cretaceous
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64. Gulf of Mexico Shoreline since the CretaceousThe abundant sediments supplied by river systems have progressively built the coastline further into the Gulf of Mexico throughout the Cenozoic.  Note that the shoreline once extended much further into the Gulf of Mexico (about 18,000 years ago - during the last glacial maximum) than it does today.Thought questionWhy was the coastline about 100 miles further into the Gulf of Mexico about 18,000 years ago?SourceSpearing, D., 1991, Roadside Geology of Texas: Mountain Press, Missoula, MT, 416 p.



Ogallala Formation

OGALLALA
FORMATION
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65. Ogallala FormationMuch of the sediment originating in the Rocky Mountains during late Tertiary erosion was not transported all the way to the Gulf of Mexico but rather formed a local clastic wedge known as the Ogallala Formation on the eastern flank of the Rockies extending throughout the continental interior.  The Ogallala is the largest aquifer in Texas and makes large scale agricultural activities possible in the High Plains.



Pecos River Headward Erosion
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66. Pecos River Headward ErosionHeadward erosion of the Pecos River into eastern New Mexico has intercepted the rivers that originally carried the sediments into the Texas Panhandle, thus isolating the Ogallala in the High Plains from significant recharge. 



Rifting in West Texas and New Mexico
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67. Rifting in West Texas and New MexicoRifting beginning in the mid-Tertiary in west Texas and related to the development of the Rio Grande Rift in central New Mexico has created a series of uplifted mountain ranges separated by linear basins in which locally derived sediments are deposited.  This region remains seismically active along these boundary faults and includes the largest earthquakes (6.1 magnitude) recorded in Texas.
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68. Salt BasinThe Salt Basin west of the Guadalupe Mountains is one of the largest of these linear basins or "bolsons".  This view from the west across the Salt Basin provides a view of El Capitan and Guadalupe Peak which at 8,749 feet is the highest point in Texas. 



Cave Decoration at Carlsbad
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69. Cave Decoration at CarlsbadLate Tertiary uplift of the western margin of the Delaware Basin has provided a driving mechanism for regional ground water flow, related to the creation of world-famous caves such as Carlsbad Caverns.The conical formations shown are made of calcite, which is deposited from water that migrates through Permian limestones and then drips into the caverns.  For more information about cave deposits, visit http://www.geo.utexas.edu/banner.



Late Cenozoic Life
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70. Late Cenozoic LifeThis illustration shows what Texas might have looked like 125 thousand years ago, when Texas had a distinctly different climate. Mammoth bones have been found in the Austin area, and some are on display at the Texas Memorial Museum.SourceHal Story drew this depiction of two Jefferson mammoths for an earlier Texas Memorial Museum exhibit.



Ice Ages
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71. Ice AgesThe most recent of the Earth's "ice ages" began about 120,000 years ago.  This map depicts the extent of continental ice sheets and their effect on sea level (lowering of sea level) in the Gulf of Mexico about 18,000 years ago.



Barrier island development
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72. Barrier Island DevelopmentThe barrier islands along Texas coast is a function of rising sea level related to melting of the continental ice sheets over the past 18,000 years during which time sand was washed shoreward and along shore from both the east and south to pile up in the coastal bend.  Note how much longer your trip to the coast would have taken 18,000 years ago.SourceSpearing, D., 1991, Roadside Geology of Texas: Mountain Press, Missoula, MT, 416 p.
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73. Texas Coastal BendThe view from space shows barrier islands extending along most of Texas' coast. Piling up of sand isolates the area behind the barrier islands to form the bays. SourceImage provided by NASA.  See the following website http://eol.jsc.nasa.gov



Padre Island
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74. Padre IslandVegetation helps to stabilize Padre Island dunes behind which diverse habitat is developed including Laguna Madre with somewhat elevated salinity compared with seawater.



Conclusion:

The geologic history of Texas is recorded in rocks that are
exposed throughout the state and fill sedimentary basins.

These rocks document more than a billion years of change.

Those changes include the building and erosion of major
mountain ranges, explosive volcanoes, strong earthquakes,
vast deserts, evaporating salt basins, tropical forests, river
and delta systems, tropical seas and barrier reefs, and
beaches and barrier islands.

Erosion of highlands filled subsiding sedimentary basins and 
adjacent continental margins.  Colliding plates deformed, 
metamorphosed, and uplifted these materials to continue the 
rock cycle.

Texas' abundant and varied mineral resources are products
of these geologic events.

Conclusion
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75. Conclusion The geologic history of Texas is recorded in rocks that are exposed throughout the state and fill sedimentary basins. These rocks document more than a billion years of change.Those changes include the building and erosion of major mountain ranges, explosive volcanoes, strong earthquakes, vast deserts, evaporating salt basins, tropical forests, river and delta systems, tropical seas and barrier reefs, and beaches and barrier islands.Erosion of highlands filled subsiding sedimentary basins and adjacent continental margins.  Colliding plates deformed, metamorphosed, and uplifted these materials to complete the rock cycle.Texas' abundant and varied mineral resources are products of these geologic events.
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