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Abstract 

 

Pre-Cretaceous Erosional Surface 

of the Llano Uplift Region, Central Texas 

 

Susan Je Sobehrad, M.A. 

The University of Texas at Austin, 2011 

 

Supervisor:  Clark Wilson 

Co-Supervisor:  Leon E.  Long 

 

 Historical research reveals a repeating pattern of uplift, erosion, and deposition in 

the region of the Llano Uplift, central Texas.  This report examines the topography of the 

pre-Cretaceous landscape.  The data consist of points, in three dimensions, that are 

located on the erosional surface, as determined by three methods.  Category I data lie 

upon the contact between Cretaceous strata and underlying Paleozoic sediments or 

Precambrian basement; Category II data are defined in the subsurface from well logs; and 

Category III data are topographic high points where the Cretaceous has eroded away, but 

the underlying unit has not eroded (an exhumed surface).  Digital mapping procedures 

were used to create triangulated irregular networks, three dimensional scenery, and 

topographic profiles. 

The digitally reconstructed surface is compound, consisting of higher, older 

erosional surfaces, incised into by rejuvenated stream activity to create lower, younger 
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surfaces.  This valley/divide topography, which is regional in extent, could not have been 

visualized without modern GIS technology. 
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Introduction 

PURPOSE 

 This report examines the Llano Uplift from a regional perspective in order to 

determine the topography of the pre-Cretaceous landscape.  Data collected include 

historical geological information about processes of uplift, erosion, and deposition, and 

modern digital data sets that precisely identify the pre-Cretaceous surface throughout a 

wide study area.  On completion of the current study, the digital data will become a 

resource for further  research. 

RESEARCH FOCUS 

Throughout geologic time, as far back as we can see from geologic evidence, the 

Llano Uplift, in central Texas (Figure 1), seems 

to have acted almost like a living entity.  It is 

embedded within the North American tectonic 

plate, which has drifted to its present location 

from southern realms (a lateral motion), and it 

has experienced uplift and subsidence time and 

again (vertical motions, like “breathing”).  

Beginning in the mid-late Precambrian, the 

Uplift has experienced periodic orogenesis 

(mountain-making) and erosion, and more recently, intermittent transgressions by 

shallow Cretaceous seas and finally, late Cenozoic faulting has been active immediately 

Figure 1:  The Llano Uplift in Texas. 
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to the east of the Uplift.  This pattern—Cretaceous inundation and associated deposition, 

and then renewed uplift above sea level and associated erosion—is the current 

manifestation of a repeating cycle.  My study examines the geology and topography of 

the Llano Uplift as it existed immediately prior to the Cretaceous inundation, a landscape 

that was to become an unconformity (a buried surface of erosion) between Cretaceous 

sediments and older rocks beneath. 

My procedure is, first, to map this unconformity.  More precisely, it is a 

nonconformity in places where the underlying rocks are metamorphic or intrusive igneous 

basement.  This implies that an enormous amount—kilometers of thickness—of erosion 

had occurred before deposition of Cretaceous sediments.  In other places, the erosional 

contact is an angular unconformity, signifying that underlying Paleozoic sedimentary 

rocks had been deposited, and then tilted by fault action before erosion and deposition of 

Cretaceous sediments.  Three sources supply topographic data for this reconstruction.  (i) 

Most obvious is where modern erosion has provided an actual exposure of the 

unconformity (Category I data), expressed as a contact (a line) on a geologic map, which 

is a two-dimensional representation.  (ii) In three dimensions, the unconformity is a 

surface that goes underground, and which can be sampled only at points where penetrated 

by wells.  Elevations of the pre-Cretaceous unconformity are picked from well logs 

(Category II data).  These data, although sparse, are valuable to plot the unconformity 

where it extends off the flanks of the Uplift.  (iii) Today, the Cretaceous sediments are 

eroding back as an encircling escarpment that defines the edge of the Uplift.  A projection 

of the elevation of the unconformity appears to intersect many of the highest topographic 
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points within the interior of the Uplift.  This would result if Cretaceous strata had lain 

nonconformably upon basement or unconformably upon Paleozoic strata, and had 

subsequently eroded off, but the underlying rocks had experienced negligible erosion.  

These anomalous high areas (Category III data) are postulated to comprise an exhumed 

topography, unmodified remnants of the ancient surface of erosion. 

STUDY AREA 

The exposure of the pre-

Cretaceous erosional surface can be 

traced along the fringes of all sides of the 

Llano Uplift, but primarily as two north-

south trending belts.  The study area 

encompasses 27 counties covered in the 

Brownwood and Llano Sheets of the 

Geologic Atlas of Texas (Figure 2). 

Figure 2:  Location map of the Texas counties that provide 
data for this study. 
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Geologic History of the Llano Uplift 

The Llano Uplift:  an anomaly in the heart of Texas.  Structurally, the Uplift is a 

broad, gentle dome some 100 x 60 miles across.  Updoming has encouraged erosion to 

strip off a blanket of Cretaceous sediments, to reveal Paleozoic sediments and basement 

composed of granite and high-grade metamorphic rocks.  The complex geologic history 

of the Uplift reaches back more than a billion years, to an early time of great tectonic 

activity. 

ORIGINS OF THE LLANO UPLIFT 

 Between 1.32 and 1.28 Ga, (Ga = 109, or billion years ago) the Coal Creek island 

arc formed with its own unique “plutonic, metamorphic, and deformational history” 

(Mosher et al., 2004).  

Continuing subduction along this 

margin between 1.28 and 1.23 

Ga created a foreland basin 

system later to be involved in 

millions of years of volcanism 

and magmatic intrusion.  

Simultaneously, the volcanic and 

sedimentary rocks that were to become Valley Spring Gneiss and Packsaddle Schist were 

deposited along the margin of the North American plate.  The presence of multiple 

granitic intrusions between 1.26 and 1.23 Ga in both formations suggests that they 

Figure 3:  Reprinted with permission (Mosher, 1998).  The Coal 
Creek island arc is sandwiched in a tectonic collision that 
established a portion of today’s Llano Uplift. 
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formed in close geographic proximity to one another (Mosher et al., 2004).  At about 1.15 

Ga (Mosher et al., 2004) the Coal Creek arc, Valley Spring Gneiss, and the Packsaddle 

Schist were involved in the collision (Figure 3) of a southern continent with the ancestral 

North American plate.  From 1.19 Ga to 1.07 Ga, all three domains were intruded by 

granitic plutons, predominantly the Town Mountain Granite, which is a distinctive, 

porphyritic pink rock type extensively quarried for use as monumental stone and cladding 

of office buildings.  During a long period of orogenesis, high-P/high-T regional 

metamorphism, uplift, and intense crustal warping and folding transformed the individual 

rock facies into an intricate “orogenic pile” (Mosher et al., 2004)—the heart of the 

ancestral Llano Uplift. 

SHAPING THE PRE-CRETACEOUS SURFACE 

 During latest Precambrian time, a thickness of as much as 10 kilometers of crust 

was eroded, reducing a once-dramatic landscape to one of rolling hills with a relief of up 

to 250 meters (Barnes and Bell, 1977).  The first sedimentary unit to be deposited on this 

eroded Precambrian surface was the late-Cambrian age Hickory Sandstone Member of 

the Riley Formation (Ewing, 2004).  The Hickory pinches out onto the Llano Uplift 

(Standen and Roggiero, 2007), demonstrating that the Uplift was already a structural 

high.  In some places, Precambrian “knobs” protrude above the Hickory Member, and the 

stratigraphically higher Cap Mountain Limestone Member of the Riley Formation 

directly overlies the basement rocks.  The limestone and dolomitic sediments that 

comprise the remainder of the Riley and Wilberns Formations were deposited while the 
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Llano Uplift was experiencing 

subsidence (Ewing, 2004).  In early 

Ordovician time, the Ellenburger Group, 

consisting primarily of limestone and 

dolomite, was deposited and then 

extensively eroded. 

 Other dramatic structural changes 

occurred during the Ouachita Orogeny, 

when southern North America experienced continental rifting and the opening and 

closing of an adjacent ocean, followed by continental collision. 

 After rifting had created the ocean basin, the continental margin subsided during 

the early and middle Paleozoic.  Shelf sediments were deposited near shore, while the 

Ouachita basin developed offshore.  In this period of sedimentation, described as the 

“starved basin” phase of a maturing ocean (Abers, 2003), subsidence occurred faster than 

sediments accumulated.  A significant change in the type and rate of sedimentation took 

place in early Mississippian times, a precursor of the continental collision that would give 

rise to the Ouachita Mountains and cause the draining (regression) of shallow inland seas.  

The Ouachita basin had narrowed to a trough into which thick flysch (turbidite) 

sediments were rapidly deposited from the south (Abers, 2003).  The ancestral Llano 

Uplift, positioned on the northern edge of the subduction zone, was completely covered 

by sediment.  As thrusting and subduction continued, regional deformation created a 

mountain range to the east and south of the Llano Uplift (Morelock, 2005).  The Ouachita 

Figure 4:  In Texas, the Ouachita system stretches from 
the Ouachita Mountains in Arkansas, across Travis 
County, to the Marathon Uplift in west Texas. 



 7 

Orogeny terminated in the late Paleozoic, and a period of erosion ensued during the 

Triassic, Jurassic, and early Cretaceous periods.  Ouachita rocks are buried beneath 

Cretaceous and younger sediments in most places in Texas.  The Ouachita system (Figure 

4) stretches from the Ouachita Mountains in Arkansas, into the subsurface of Travis 

County in central Texas, and to the Marathon Uplift in west Texas. 

 The Llano Uplift lies at the junction of several overlapping or adjoining arch 

systems (Ewing, 2004) (Figure 5).  Renewed uplift of the Cambrian-age Concho Arch, 

extending from the Texas 

Panhandle in the direction of the 

western edge of the Llano Uplift, 

added some 200 meters of 

elevation to the Llano area, and 

was responsible for erosion and 

the local thinning of Paleozoic 

strata that covered the Uplift.  The 

Bend Arch, which is a 

Pennsylvanian-age basement 

“high” plunging northward from 

the Llano Uplift, formed along the margins of the Fort Worth Basin lying to the east, and 

the Midland Basin lying to the west.  The eastward-dipping Bend Arch served as a 

platform for the deposition of carbonates, including the Marble Falls Limestone (Ewing, 

2004), which is a prominent Pennsylvanian unit in the Llano Uplift.  The east-west 

Figure 5:  A series of arches influenced deposition and 
erosion in Central Texas, including the erosional surface 
studied in this report. 
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trending Ozona Arch is a forebulge arch with a southerly dip that formed in the late 

Pennsylvanian/early Permian to the west of the Llano Uplift along the edge of the Val 

Verde Basin. 

 Both the Bend and Ozona arch systems experienced uplift via the formation of 

foreland basin systems between orogenic zones and the adjacent cratons (ancient, 

stabilized basement).  From Waco northward, the Fort Worth basin developed, creating a 

classic foreland basin system and corresponding forebulge-related uplift along the Bend 

Arch.  Ongoing starved-basin subsidence of the Val Verde Basin and development of the 

Devils River Uplift to the south seems to have enhanced the forebulge effect of the 

Ozona Arch (Ewing, 2004).  Ewing suggests that the eastward dip of the Bend Arch 

combined with the southward dip of the Ozona Arch may have amplified the structural 

contrast of the Llano Uplift with the surrounding landforms. 

 An early northeasterly-trending Mesozoic arch, named the Llano Arch by Ewing 

(2006) due to its role in exposing the Llano Uplift, and which lies just east of the Uplift, 

formed in conjunction with opening of the Gulf of Mexico.  This arch functioned as a 

shoulder along the edge of an active rift zone, moving upward in response to the rising 

mantle.  The increase in elevation prompted an increase in the rate of erosion of some 

three thousand meters of Paleozoic and early Mesozoic sediments to the east and west of 

the Llano Uplift (Ewing, 2004).  With the creation of this unconformity, the Uplift itself 

was exposed in a form close to its present-day structure. 

 Late Paleozoic tectonic activity created extensive, northeasterly-trending 

horst/graben faulting.  Such faulting is abundant throughout the Forth Worth Basin 
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(northeast of Llano) and Kerr Basin (south-southwest of Llano) and in the Llano Uplift.  

Later erosion created an inversion of the topography (Ewing, 2004).  Grabens  

(downfaulted), containing Cambrian and Ordovician sediments, stand as topographically 

high, erosion-resistant ridges today.  Surrounding the ridges are lowlands (horsts, 

upfaulted) where weathering attack and erosion have eaten into the Precambrian 

basement, including much granite that is popularly (but incorrectly) nicknamed Rock of 

Ages. 

 During mid-Cretaceous times, areas in northeastern Mexico and along the United 

States border began to subside.  Another uplifted area, the San Marcos Arch, appears to 

have formed as a resulting forebulge, enhanced by late Cretaceous igneous activity and 

thermal uplift in the Uvalde area (Ewing, 2010).  Several unconformities converge in the 

vicinity of the San Marcos Arch, providing evidence of erosional processes occurring due 

to its uplift. 

THE CRETACEOUS BLANKET 

  During the Early Cretaceous, about 145 to 100 Ma (million years ago), the Llano 

Uplift was a high spot—an isolated island with its Precambrian basement and its 

Paleozoic sedimentary cover exposed and subjected to erosion (Ward, 2009).  In the 

northern portion of the study area, the basal Cretaceous includes the Sycamore and 

Hosston Formations.  These rocks were deposited in a subaerial environment on top of a 

Paleozoic surface that exhibited a fluvial valley/divide system (Atchley, 1986).  To the 

northeast of the Llano Uplift, the pre-Cretaceous lowlands were filled with Sycamore 
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deposits derived from the Uplift (Gawloski, 1981).  To the south of the Llano Uplift, the 

Sycamore lies directly on the pre-Cretaceous erosional surface, and is also identified as a 

fluvial deposit.  The Sligo Limestone was deposited on top of the Sycamore as a 

Cretaceous sea advanced.  There are no exposures of the Sligo at the surface.  Cementing, 

weathering, and erosion of these 

formations occurred before deposition of 

the Hammett Shale (Stricklin et al., 

1971). 

Overlying these earliest 

Cretaceous sediments is the Hammett 

Shale, deposited at about 115 Ma during 

the first inundation of a Cretaceous sea 

onto the San Marcos Arch.  The Hammett 

Shale (and the sea that deposited it) 

lapped up and pinched out, and did not 

completely cover the San Marcos Arch 

(Young, 1985; Wierman, 2010).  The 

overlying Cow Creek Limestone seems to 

have been deposited on top of the 

Hammett during regression of this early 

sea (Young, 1985). 

Figure 6:  Figure modified from the BSEACD Report of 
Investigations 2010-0501, Hill Country Aquifers of the 
Lower Trinity Group.  Wiermann, Broun, and Hunt (2010). 
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The second, most enduring Cretaceous Sea inundation occurred just before 113 

Ma, and was responsible for deposition of the Hensel Formation and Glen Rose 

Limestone couplet (Young, 1985).  In places, the Hensel Formation disconformably 

(referring to an erosional surface that is parallel to strata above and below) overlies the 

Cow Creek Limestone, suggesting that the Cow Creek was subaerially exposed for a 

period before the Hensel was deposited.  Evidence for this period of exposure and erosion 

exists as a caliche paleosol (ancient soil) along the top surface of the Cow Creek 

Formation (Young, 1985).  Ward (2009) suggests some uplifting occurred during this 

time, which would have contributed to the exposure of the formation that accompanied 

regression of the sea.  The Hensel Formation consists primarily of sand and mud eroded 

from the continent.  While deposition of the Hensel sands continued along the flanks of 

the Central Texas platform, carbonate deposition of the Glen Rose Formation was in 

progress (Ward, 2009).  The Glen Rose transgression of the sea lasted longer than any 

other Cretaceous encroachment, to deposit limestone over a major portion of what is now 

central Texas (Wierman et al., 2010).  It was during this large-scale inundation that the 

Edwards Limestone formation was formed from deposition of carbonate sediments 

containing significant amounts of calcareous algae in a lagoon-like setting.  Fisher and 

Rodda (1969) postulated the existence of “Llano islands” in this lagoon—high spots in 

the Llano Uplift that were not yet capped by Cretaceous sediments.  Throughout the 

remainder of the Cretaceous Period, the sea transgressed and receded several times, and 

eventually Cretaceous sediments completely covered over the Uplift. 
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Land to the southeast of the Llano Uplift was tectonically disrupted during the 

early Miocene Epoch, when the Balcones Fault Zone formed.  The Balcones normal 

faults dropped the land toward the Gulf of Mexico, creating an elevational difference of 

300 meters or more between the fault zone and the Cretaceous strata that comprised the 

Edwards Plateau (which then covered the Llano Uplift) to the west.  Epeirogenic uplift 

(chiefly vertical motion affecting a vast region) of the Edwards Plateau may have 

enhanced this elevational difference. 

Subsequently, the Colorado River and its tributaries eroded the thin veneer of 

Cretaceous sediments from the central and northern portions of the Llano Uplift, 

exposing the Paleozoic and Precambrian rocks.  Evidence for the timing of river incision 

consists of the appearance of pre-Cambrian “debris” (Ewing, 2004) in Colorado River 

terrace deposits downstream from the Uplift. 

PRE-CRETACEOUS SURFACE NORTH OF THE LLANO UPLIFT 

Bain (1973), in a study of the Cretaceous/pre-Cretaceous contact in the northern 

portion of the study area, notes that trellis drainage patterns had developed over a 

succession of dipping Paleozoic strata consisting of resistant and non-resistant rock, 

whereas dendritic patterns formed in areas where the bedrock was more homogeneous.  

Areas of pre-Cretaceous limestone, lithified sandstone, or conglomerate, were generally 

eroded less and they formed topographic highs, whereas areas composed of shale and 

loose sands eroded more easily, and formed topographic lows. 
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Givhan (1979) studied the pre-Cretaceous surface north and east of the Llano 

Uplift, and labeled the pre-Cretaceous surface as being “mature,” having been exposed to 

prolonged erosion from the late Triassic through Jurassic Periods.  He divides the 

complex lithology into three categories that correspond to specific topographies.  Massive 

limestones formed benches and gently rolling topography, Mississippian- to 

Pennsylvanian-age shales and thin limestone beds eroded to form lowlands and prairies, 

and where these two categories overlap, escarpments formed through stream erosion.  

Givhan also notes the influence of the Bend Arch and the Concho Arch discussed above, 

the northeasterly-trending Lampasas “high,” and the Llano Uplift itself. 

Atchley (1986) investigated the pre-Cretaceous surface in the far northwestern 

portion of the study area, and interpreted it as a region of moderate relief caused by 

subaerial erosion.  Atchley proposes that an original westward drainage pattern was 

transformed into an eastward drainage system by the opening of the Gulf of Mexico and 

subsidence that formed the East Texas Basin (Atchley, 1986).  These drainages created a 

pre-Cretaceous valley/divide topography cut into Paleozoic sediments to the northwest of 

the Llano Uplift (Atchley et al., 2001).  Valleys in this drainage system, flowing toward 

the northeast, experienced fluvial aggradation at times of transgression of the Cretaceous 

sea (Atchley et al., 2001), whose sediments ultimately buried everything.  Atchley 

contends that the Paleozoic erosional surface has remained essentially unchanged since 

earliest Cretaceous time due to the protective cover of Cretaceous marine sediments.  In a 

recent digital study of the Cretaceous/pre-Cretaceous contact, Atchley found that the 

rolling terrain currently found on the presently exposed Paleozoic surface is mimicked by 
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the Cretaceous/pre-Cretaceous contact.  Thus, he believes the currently exposed surface 

in the area northwest of the Llano Uplift is similar to the surface on which Cretaceous 

sediments were deposited (Atchley et al., 2001). 
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Mapping the Pre-Cretaceous Erosional Surface 

METHODOLOGY 

 The research for this project was completely digital.  Thus, a semester 

introductory course in Geographic Information Systems (GIS) was my first step in 

beginning this project.  This course included the basics of ArcMap, which is a geospatial 

processing program produced by the Environmental Systems Research Institute, Inc.  

(ESRI) as part of their comprehensive ArcGIS software.  GIS technology combines 

geographic information with data tables in order to map, manipulate, analyze, and display 

information by which to identify patterns and derive answers to complex problems.  

Because a data table is the core of any application of GIS, locating reliable sources for 

geodatabases (i.e., databases referenced to geographic locations) was essential.  I used 

both vector data (points, lines, and polygons) and raster data (bitmaps consisting of a 

rectangular grid of pixels) for this project. 

 Digital Llano and Brownwood sheets of the Geologic Atlas of Texas (scale 

1:250,000) served as topographic base maps for this study.  Both are available as 

downloadable digital elevation models from the Texas Natural Resources Information 

System (TNRIS), a subdivision of the Texas Water Development Board. 

 Of the 256 7.5-minute quadrangles in the study area, 22 had corresponding 

quadrangle geologic maps (scale 1:24,000) that provided greater detail of the surface 

geology, revealing some Cretaceous/pre-Cretaceous contacts that were not seen on the 

more generalized larger-scale base maps.  The quadrangle maps, published by the Bureau 
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of Economic Geology from the early 1950s to the 1980s, were available only in hard 

copy (analogue form), and had to be digitally scanned to be adapted to the mapping 

software.  Working with these older geologic maps presented challenges because their 

geology was drawn upon aerial photos (some dating back to the 1930s) that had not been 

corrected for distortion owing to the Earth’s curvature, or for other reasons.  Small 

discrepancies are seen, for example, between positions of an upstream “V” of a 

topographic contour line (rectified data) and the “V” of a geologic contact (aerial photo 

field map base).  It was necessary to “tweak” the geologic maps, by nudging or stretching 

the map image, to make such features coincide. 

Using maps from a variety of sources can create alignment issues related to map 

projection.  A map projection attempts to conform a spherical earth onto a flat surface.  

The inevitable distortions of distance, direction, scale, and area will vary according to the 

map projection.  Clearly, the geographic coordinate system must be specified in order to 

align the information contained in different maps.  The older scanned maps are simply 

images with no spatial information; consequently, ArcMap did not recognize them as 

map components positioned in a coordinate system.  The corners of these scanned images 

first had to be “pinned” to proper geographic coordinates.  For this project, North 

American Data 1927 was the chosen coordinate system for all maps. 

Once the geologic map database was complete, I imported from TNRIS the 

essential topographic contour maps (scale 1:24,000) covering much of the study area.  I 

used ArcMap to overlay these topographic maps on the base geologic maps of 

quadrangles in which the Cretaceous unconformity is exposed.  By using the topographic 
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map, thus unified with the 7.5-minute quadrangle geologic maps (where such exist), or 

with the 1:250,000 Llano and Brownwood Sheets (where detailed maps are not 

available), I created a series of databases containing more than 6500 points that mark the 

elevation of the Cretaceous/pre-Cretaceous contact.  I also recorded information about the 

lithologies of the Cretaceous above the contact, and noted what geologic unit lies below 

the contact.  More than 6000 points were selected along the Cretaceous/pre-Cretaceous 

contact (Category I data).  I identified more than 400 additional topographically high 

points where the Cretaceous is absent, having been stripped away (Category III 

localities).  Note that these points are minimum elevations of the original erosion surface, 

as further erosion could have removed some of the underlying rock. 

 Well logs provided more than 90 subsurface (Category II) data points, which were 

identified by methods that included analysis of sample logs, open-hole logs, and cased-

hole logs.  For some of these, the available data included both a sample log and an open-

hole/cased-hole log.  A sample log is based upon actual lithology embodied in well 

cuttings, or otherwise gathered while drilling.  The well cuttings are usually collected at 

ten-foot intervals, and the information includes a lithological description and the 

formation name.  Open-hole and cased-hole logs are wireline well logs obtained after a 

well has been drilled.  Gamma ray or resistivity tools (or both) are conveyed by wireline 

and lowered into the wellbore to sense numerous properties of the rock formations.  The 

gamma ray tool measures the naturally occurring radioactivity of the formation.  The 

gamma ray log is used primarily to determine the lithology of the rock.  Shales are 

generally more radioactive or are considered to have higher gamma ray counts than 
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provided by sandstones or carbonates.  Resistivity is a measure of the response of the 

formation to the induction of an electric current into and through it.  Generally, resistivity 

depends upon formation fluids.  The resistivity of water, the most important fluid, 

depends on the salinity.  Nonconductive fresh water has high resistivity, whereas 

conductive salt water has low resistivity (Hilchie, 1978). 

 Well log data may be used to identify the Cretaceous/pre-Cretaceous surface 

because the Lower Cretaceous sediments are deposited directly on the eroded pre-

Figure 7:  Model 
showing how to use 
well logs to identify 
the base of the 
Cretaceous 
sediments. 
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Cretaceous surface.  Sample logs reveal that the Cretaceous sediments are a mix of 

sandstones, conglomerates, and carbonates, and that the units below the erosional surface 

are primarily shales.  These different rock types exhibit characteristic logging signatures.  

A sharp gamma ray break is typically present at the Cretaceous/pre-Cretaceous contact 

(Figure 7).  In the absence of gamma ray log data, the resistivity data can be used to 

identify the contact.  The Cretaceous formations are known to be fresh water aquifers, 

and at the contact, a sharp resistivity break indicates the presence of water (Figure 7). 

Given these thousands of data points consisting of Categories I, II, and III data, I 

used ArcMap to create interpretive maps of the pre-Cretaceous surface, and ArcScene to 

create three-dimensional animated models to view the proposed erosional surface from 

diverse directions.  Within the Uplift, where Cretaceous strata are absent, I used profile 

maps to observe the shape of the proposed pre-Cretaceous surface. 

STREAM ACTIVITY 

If streams had carved the ancient surface, its contours would have been 

approximated by an array of parallel long profiles of the streams.  An instructive 

analogue would be the long profile of the modern (Texas) Colorado River, which flows 

through the Llano Uplift.  I generated a fourth set of data, the long profile of the Colorado 

River from its source in the High Plains, to its mouth at the Gulf of Mexico.  To 

accomplish this, I downloaded a stream geodatabase from the Texas Water Development 

Board, and a complete Texas topographic geodatabase from the U. S. Geological Survey.  

After editing the data to isolate the Colorado River, I overlaid the topographic map, and 



 20 

collected elevation data where every contour line crosses the river.  I used ArcMap’s 

measurement tool to trace, and sum the distances, meanders included, between every 

crossing of adjacent contour lines down the entire length of the stream.  This came to 235 

points (i.e., a 2850-foot drop in elevation from headwaters to mouth) over a course of 837 

miles (Figure 8).  

 

In addition, a Microsoft Excel macro developed by Leon Long was used to project 

a smooth mathematical surface through the topographic data.  A stream long profile is 

typically steeper near the source, becoming flatter downstream.  The long profile of the 

modern Colorado River illustrates this pattern (Figure 8).  The long profile approximates 

an exponential curve, such as a radioactivity decay curve, and taking the logarithm of the 

data transforms the curve into a straight line.  In three dimensions, if an erosion surface 

Figure 8:  Where the Colorado River crosses the Llano Uplift, there is an anomalous bump in an otherwise 
smooth long profile.  The stream profile is not yet at its most mature stage; in time, the irregularities of 
the profile would smooth out. 
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has an exponential shape in the x (E-W) and y (N-S) directions, taking the logarithm of 

the data transforms it into a dipping flat plane.  The macro uses an iterative least-squares 

procedure to calculate the a, b, c coefficients of the best-fit plane, which is then back-

transformed (by exponentiation) into a curved surface. 

Differences of elevation between measured topographic data and the fitted surface 

define a residual map, which depicts topographic anomalies relative to the smooth 

mathematical surface.  The latter is an abstraction based on the assumption that the 

landscape consists only of stream channels, whereas an actual landscape also contains 

stream divides, providing local relief.  The smooth surface is best employed as a regional 

trend, a baseline from which to identify deviations that need special explanations. 

DATA ANALYSIS 

 Once Category I data (contact points observed at the surface) and Category II data 

(subsurface points) were plotted, the units below the Cretaceous/pre-Cretaceous contact 

were analyzed to determine which types of Cretaceous sediment lie on top of specific 

Paleozoic rock units. 

 The youngest of these include formations of the Fredericksburg Group.  The mid-

Cretaceous Edwards Limestone is exposed as a small patch in the north-central Uplift 

with a very narrow edge of Hensel Sand peeking out from underneath.  The Edwards 

overlies the late Cambrian Hickory Sandstone and Cap Mountain Limestone Members of 

the Riley Formation, and the Morgan Creek Limestone Member of the Wilberns 

Formation.  In a very few isolated spots along the far west edge of the Uplift, Walnut 
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Clay overlies Cambrian and Ordovician sediments.  Fort Terrett Limestone lies above the 

unconformity in a few scattered places; generally, Fort Terrett lies a good distance inward 

from the Cretaceous/pre-Cretaceous contact.  In one instance, a small knob of Cap 

Mountain Limestone shows through the Fort Terrett. 

 The Trinity Group is represented along the contact by exposures of the Antlers 

Sand, Travis Peak, and Glen Rose formations.  The Antlers Sand was deposited in the 

early Cretaceous northwest of the Llano Uplift; it lies upon a surface of Permian to 

Pennsylvanian age strata.  Younger Permian sediments are exposed in narrow bands in 

the far northwest of the study area, whereas older Pennsylvanian rocks, primarily Strawn 

Sands, are exposed at a lower elevation in a wide swath toward the northeast, suggesting 

that greater erosion took place in the northeastern portion of the study area. Some tiny 

Antlers Sand “islands” dot the exposed Permian surface, indicating a former widespread 

distribution.  The unconformity beneath smaller islands is topographically much lower 

than beneath adjacent, larger areas of Antlers Sand, in accord with the contention of Bain, 

Ghivan, and Atchley for the existence of a rolling pre-Cretaceous surface.  South of 

Brady, the Antlers Sand is known as Hensel Sand, and it borders nearly the entire western 

and southern perimeter of the Llano Uplift.  Its varied contact with basement rocks, and 

with sediments of Precambrian through Pennsylvanian ages, indicates that erosion had 

indiscriminately beveled across all lithologies, as expected when erosion had persisted for 

such a vast duration.  The same theme carries into the northern region of the study area. 

 Where the Travis Peak Formation lies upon the pre-Cretaceous unconformity, 

predominantly in areas to the north and northeast, the erosional surface is deeply 
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excavated into easily eroded, Pennsylvanian-age (Strawn) sandstones and shales.  In a 

few spots on the northern extent, the Travis Peak Formation borders the Uplift, resting 

above early Pennsylvanian Marble Falls Limestone. 

 Where Glen Rose Limestone is the basal Cretaceous unit, in sporadic localities 

around the eastern and southern margins of the Llano Uplift, it is visible mostly in stream 

cuts.  Glen Rose Limestone overlies any older rock, but is chiefly found atop the 

Tanyard, Honeycutt, and Gorman Formations of the Ordovician Ellenburger Group. 

 The stratigraphically oldest sediments comprise the basal Cretaceous strata to the 

east of the Uplift.  A small fringe of Cow Creek Limestone and associated Hammett 

Shale exists only in the far southeastern corner of the study area, where it overlies 

Ordovician and Pennsylvanian-age sediments.  Sycamore Sand is also visible only in the 

southeast, adjacent to Cow Creek Limestone and Hammett Shale.  All of these formations 

are exposed along the Colorado River, and their absence in areas farther west is 

indicative of the extent of the Cretaceous sea from which they were deposited.  These 

units were deposited in earlier transgressive pulses of the Cretaceous sea, which 

eventually probably submerged the land surface everywhere.  

In summary, there is no unique or distinctive pattern to the deposition of whatever 

Cretaceous units may lie directly upon any underlying sedimentary unit.  Although the 

erosional surface had been cut deeper where the latter units consist of weak material, 

such as shale, the controlling factors were very long-term erosion that had beveled the 

underlying units, and transgressive pulses of the Cretaceous sea that determined the 

character of the overlying units. 
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Using the Category I and Category II contact points, I created a triangulated 

irregular network (TIN) map (Figure 9) as a starting point for comparisons presented 

below.  A TIN map represents a surface as a set of contiguous, adjacent triangles.  Each 

apex of a triangle is a measured point, and each triangular surface represents a plane, a 

mathematical approximation to the surface lying between the apices.  Where data points 

are sparse, the triangles are larger.  High angularity of a TIN surface corresponds to a low 

density of data points, and where there is a dense array, the triangles are smaller and more 

nearly representative of the actual surface.  Because the mapping software digitally 

Ridge 1 

Ridge 2 

Ridge 3 

Ridge 4 

Figure 9:  An interpretive map based on both surface and subsurface elevations of the 
Cretaceous/pre-Cretaceous contacts.  Four high ridge systems (white to light gray) can be 
discerned trending across the map. 
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interpolates the surfaces, there is potential for misinterpretation, which can be 

ameliorated only by the addition of data. 

 In Figure 9, areas delineating the Cretaceous/pre-Cretaceous perimeter consist of 

very small, easily visible triangles, somewhat irregular just as the contact is irregular.  

Even where there is less detail, some patterns are recognizable.  It is apparent that the 

unconformity surface around three sides of the Uplift lies at relatively high elevation.  

The Llano Uplift is easily identified as an oval area just south of the map’s center.  This 

is an artifact; the perimeter of the oval is where most of the data points lie.  Several high 

peaks in the Uplift interior are positioned where remnant Cretaceous sediments lie above 

Cambrian- and Ordovician-age sediments.  They are instructive because they establish, 

by actual local preservation, the extension of the erosional surface deep into the interior. 

Four ridge systems are noticeable.  Ridge systems 2 and 4 have significant detail, 

and ridge systems 1 and 3, even though lacking detail, are quite prominent.  Addition of 

Category III data points (Figure 10) greatly enhances the detail.  Recall that Category III 

data are more interpretive, considered to be high points, or patches of high remnant 

surfaces where Cretaceous sediments have been eroded away, but the rock beneath the 

unconformity has been eroded almost not at all (i.e., it is an exhumed topography).  To 

identify these points, I scrutinized the contours of the erosional surface for suitable 

candidate localities.  This scrutiny required a detailed point-by-point examination of the 

data.  More than 250 points within the interior of the Uplift were found to be significantly 

(more than 100 feet) higher than the surrounding surface, and of these, 74 consist of 
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exposed basement.  More than 150 more high points were identified in the northwestern 

portion of the study area. 

 With the addition of Category III points, which we shall retain in following 

discussion, much of the fine texture around the perimeter of the Uplift (which is an 

artifact) goes away.  At least one-third of the map now appears to be at relatively high 

elevation, mostly in the western half, and the lowest points are concentrated toward the 

northeast.  The four ridge systems have gained detail, taking the appearance of a 

valley/divide system that extends northeastward across the study area.  In fact, the highs 

are minimum elevations because some erosion of rock beneath the unconformity could 

have occurred. 

Figure 10:  Map based 
on Categories I, II and 
III data.  Greater 
definition has been 
added to the four ridge 
systems, and a 
northeast dip is more 
noticeable. 
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 Figure 11 provides a more realistic view of the pre-Cretaceous surface of the 

Llano Uplift.  Using ArcScene, I manipulated the map to view the Uplift in three 

dimensions, toward the west.  This view looks uphill, up the valley (darker, lower) 

between ridges 3 and 4 (lighter, higher).    Note that Enchanted Rock, which is commonly 

perceived to be one of the highest points in the Llano Uplift, is actually one of many high 

points that comprise the ridge systems. 

 Do Category III data points correlate with rock type?  For example, the points 

may be located on metamorphic or igneous basement, colloquially called “hard rock” by 

geologists, in contrast to sedimentary rock, which is “soft rock.”  In fact, out of more than 

Figure 11:  Three-dimensional view looking up a valley between two divides. 

 

Enchanted Rock 

Ridge 4 Ridge 3 

  

 
N 

Looking Westward Across the Uplift 

Figure 11:  Three-dimensional view looking up a valley between two divides. 

 



 28 

400 Category III points, only 74 are on hard rock.  This surprising result suggests that the 

ancient high surface was very mature, developed during the vast duration of the earliest 

two-thirds of the Mesozoic Era, beveling indiscriminately across all lithologies.  

Moreover, it appears that “soft rock” can resist erosion more effectively than “hard rock,” 

as seen in today’s topography in which high ground consists of sedimentary rock.  The 

highest elevation of the erosional surface, defined by Category I data in the extreme 

northwestern part of the study area, lies exclusively upon sedimentary strata. 

 Figure 12 is a schematic reconstruction of the late Cambrian landscape in the 

Llano Uplift, immediately before deposition of the Hickory Sandstone Member of the 

Riley Formation.  Although based upon scanty data, it is instructive in its similarity to 

Figure 10, which is a reconstruction of the early Cretaceous landscape.  Both landscapes 

had developed in multiple stages; in both landscapes, remnants of an upper, older surface 

persist as parallel ridges, separated by lowlands that were cut by a rejuvenation of stream 

Figure 12:  A schematic Precambrian erosional surface. After Krause, 1996. 

 



 29 

incision.  In the pre-Cretaceous landscape, the intervening valleys descend toward the 

northeast, having long profiles similar to that of the modern Colorado River (Figure 8).  

A profile (Figure 13), taken across the trend of the ridge systems, reveals a surface with 

many of the same characteristics as the cartoon surface (Figure 12).  In today’s cycle of 

erosion, drainage patterns trend to the southeast. 

   There is no evidence that the most recent rejuvenation of uplift, which initiated 

the modern cycle of erosion, had created a bulge, or upward warping of the pre-

Cretaceous surface limited to the Llano Uplift area.  Uplift must have been broadly 

epeirogenic, involving the entire vast Edwards Plateau.  The Uplift is currently 

experiencing the third Phanerozoic cycle of landscape development resulting in high, flat, 

 

 

 

Figure 13:  A profile across the 
study area depicts the 
valley/divide nature of the 
landscape.  Note the flat-topped 
mesas, the steeply incised stream 
cuts, and the broader valleys.  
Older surfaces of erosion are 
high, whereas the incised 
erosional surfaces are younger. 
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gently sloping remnant surfaces separated by stream-cut lowlands.  To what extent are 

the modern surfaces “borrowed,” re-appropriated from the late Cambrian or pre-

Cretaceous surfaces?  How durable are these landscapes? 

Digital analysis of the pre-Cretaceous erosional surface enables visualization from 

diverse perspectives, and extraction or merging of data enables a comprehensive view of 

the landscape.  Comparison of a pair of TIN maps (Figures 9 and 10) validates the use of 

interpretive Category III data.  The TIN maps dramatically display the etched-out relief 

of valley/divide systems.  Topographic profiles reveal that this system is itself a complex 

Figure 14:  Ridge 
profiles from Map 
Three mimic the long 
stream profile of the 
Colorado River in Texas 
adding support for the 
shape and origins of 
the pre-Cretaceous 
erosional surface. 
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Figure 14:  Divide 
profiles mimic the long 
stream profile of the 
Colorado River in Texas 
adding support for the 
shape and origins of 
the pre-Cretaceous 
erosional surface. 
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erosional surface, created in multiple stages.  Lengthwise ridge profiles (Figure 14) 

mimic the stream long profile of the modern Colorado River.  A three-dimensional model 

of the pre-Cretaceous surfaces enhances the mind’s-eye view.  Descending from 

topographic high elevations of just over 2000 feet in the west, to less than 500 feet above 

sea level in the east, the region takes on shape and form, with valleys about 400 feet 

below the adjacent divides.  In the absence of these digital processes, almost none of this 

intriguing ancient topography could have been noticed, examined, and appreciated. 

CONCLUSIONS 

1. The pre-Cretaceous erosional surface of the Llano Uplift region is a partially 

exhumed ancient surface of erosion, created by a repeating, cyclic process that 

dates back to Precambrian times. 

2. This surface resembles modern topography in that older erosional surfaces are 

topographic highs, and younger incised erosional surfaces are topographic 

lows. 

3. Presence of valley/divide topography indicates that early Mesozoic uplift that 

initiated erosion of the pre-Cretaceous surface was regional, not local. 

4. Digital mapping makes it possible to recognize and observe geologic 

phenomena on a regional scale previously not possible.  

5. An extension of this research, using the same digital tools applied to Category 

I and II data, can document the character of the surface toward the south and 

west of the Llano Uplift. 
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Application to Practice 

LESSONS FROM THE COHORT 

Prompted by the conversations and experiences of the cohort, I realized that some 

of my thinking about teaching and learning had become skewed, and I began to wonder 

what I could do to alter my thinking in a way that would benefit students.  I realized that 

my point of view was too narrow.  Today’s students are digital natives—they were born 

and have grown up in an era where computers, smart phones and digital media are 

pervasive rather than the exclusive.  This technology has shrunk the globe by allowing 

students to reach out and contact someone on the other side of the globe with a few 

keystrokes.  Information from anywhere in the world is instantly available.  Databases 

containing information on everything from maps to natural resources to worldwide 

environmental concerns may be downloaded in just a few moments.  Subsequently, I 

wondered, how can a teacher use information from beyond their curriculum, or even 

beyond the borders of our own country, to help students become more globally aware? 

I realized the scope of my geologic vision was too small.  When students learn 

about subduction zones in a book, they look at pictures on a page, take notes, make 

models, and pass their tests.  They can tell you all about convergent and divergent plates 

and describe a subduction zone.  What is missing, however, is a sense of scale.  A 

subduction zone is not something you can see along the highway or in your backyard—

the entire state of California once represented a single subduction zone, side-to-side, top 

to bottom.  Scale also applies to time.  Many know that Enchanted Rock, a key attraction 
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in the Llano Uplift of Central Texas, is very old.  But “very old” is not anywhere near an 

adequate description of the time frame involved.  Enchanted Rock began to form over a 

billion years ago in a region far south of its present location.  Geologic processes require 

vast amounts of space and time, and have far-reaching effects.  Mountain ranges formed 

millions of years ago affect our weather patterns today; the erosion of rocks from these 

same mountains contributes to formation of soil in which we grow crops.  Deposition of 

sedimentary rocks and subsequent faulting created traps for oil and gas accumulation.  

Yet I wondered, how can a teacher impart this sense of bigness and connectedness to 

students? 

I realized that my classroom was too limiting.  It is easy for a teacher to become 

myopic in the small, compact universe which is the classroom, restricted in scope and 

content by administrators who have become entrapped in a “teach to the test” mantra 

(despite convincing evidence that the tests are not a good measure of what is taught).  

Teachers are encouraged to use “real world experiences” to enhance learning in their 

classrooms.  But if the lesson only involves only what is specified in the curriculum and 

the teacher’s role in establishing curriculum has regressed to devising ways to help 

students get right answers on tests, how real can it be?  Students should not be building 

their reality from what is on a test, nor from what is in the media—social media included!  

Still I wondered, how can a teacher breach the classroom walls and nurture student 

learning in a way that is authentic and meaningful? 
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GLOBAL AWARENESS AND GEOGRAPHIC LITERACY 

 With the advent of the internet, wireless applications, powerful yet inexpensive 

hardware, and new software and services all designed to instantly bring the world to 

consumers whenever and wherever they happen to be, globalization is the new buzzword.  

“The world is flat,” Friedman (2007) asserts, “the playing field has been leveled.”  With 

hundreds of millions of dollars allocated to increasing human connectivity and improving 

technology, prices of computers continue to drop and are increasingly available 

worldwide.  At the same time, software developers took advantage of the growing 

market, providing worldwide e-mail access and search engines and making it possible to 

share information in part or in total with virtually anyone, anywhere in the world.  

Friedman (2007) sums it up well: 

It is now possible for more people than ever to collaborate and compete in real 

time with more other people on more different kinds of work from more different 

corners of the planet and on a more equal footing than at any previous time in the 

history of the world—using computers, e-mail, fiber-optic networks, 

teleconferencing, and dynamic new software…we are now connecting all the 

knowledge centers on the planet together into a single global network, which...  

could usher in an amazing era of prosperity, innovation, and collaboration, by 

companies, communities and individuals. 

 

 Globalization requires that today’s students be prepared for a changing world.  But 

technological savvy won’t be enough because today’s workplace requires that individuals 

communicate and collaborate with people worldwide.  It has become imperative for 

individuals to be knowledgeable about cultural attitudes, world events, and critical issues 

for countries all over the globe, in addition to being knowledgeable about technology.  

Unfortunately, it is painfully obvious that many of our students today do not know much 
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about the world to which they have become so intimately connected. 

 In a 2006 study sponsored by National Geographic, RoperASW found 37 percent 

of students ages 18-24 could not point out Iraq on a map—even though billions of 

American dollars and thousands of American lives have been lost in that very country.  

Half of those students couldn’t find New York on a map, and more young people in the 

United States knew that the island in the television show “Survivor” was in the South 

Pacific than could find Israel on a map.  According to the study, “About 11 percent of 

young citizens of the U.S. couldn't even locate the U.S.  on a map.  The Pacific Ocean's 

location was a mystery to 29 percent; Japan, to 58 percent; France, to 65 percent; and the 

United Kingdom, to 69 percent.” (Roper ASW, 2006) 

 Geography today is no longer only knowing where countries are on a map or 

where oceans, mountain ranges, and capitols are located.  Today, geographic competence 

has a new name, “global cultural literacy,” and is aptly defined by Michael Lisman, a 

freelance writer and graduate of Harvard’s International Education Policy Program.  

Lisman states, “Just as computer literacy became an increasing necessity to live in a 

changing world in the last decade, global cultural literacy should now occupy the same 

importance in our schools.”  (Hough, 2007)  Geographic literacy is about integrating 

business methods, cultural diversity, use of resources, and environmental issues 

(RoperASW, 2006) into a worldview that will allow individuals, as global citizens, to 

become successful problem-solvers and productive citizens. 

 Improving students’ geographic literacy and addressing the need for an 

international perspective can be accomplished through the use of geospatial technology.  
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Geospatial technology includes any information system that relies on data with 

geographic coordinates.  According to the Geospatial Information and Technology 

Association, about seventy-five percent of all information-managed business is connected 

to a geographic location.  Roads, highways, hospitals, counties, cities, and rivers all have 

geographic identities.  By using geospatial technology, statistics and other information 

related to specific places like these can be mapped, charted, and compared.  Whether it is 

used to develop routes for emergency vehicles or plot the spread of a worldwide 

epidemic, geospatial technology allows data to be visualized so that trends may be 

analyzed and better decisions may be made. 

CONNECTING IDEAS:  GEOGRAPHIC INFORMATION SYSTEMS 

 A geographic information system (GIS) is a form of geospatial technology and 

was used to create the maps for this research project on pre-Cretaceous surfaces.  A GIS 

allows the user to capture, manipulate, analyze and display data related to any 

geographically referenced information, anywhere in the world.  According to the United 

States Geological survey (2007), “The power of a GIS comes from the ability to relate 

different information in a spatial context and to reach a conclusion about this 

relationship.” 

 An educator can help students develop a global consciousness and enhance 

geographic literacy through geospatial analysis.  With GIS, an educator and her students 

can track hurricanes and trace the path of tsunamis throughout the world.  Geospatial 

analysis makes it possible to display temperature highs and lows, track population 
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growth, trace the spread of epidemics, analyze routes of animal migration, find areas 

prone to flooding, and model the path of an oil spill or dust from a volcanic eruption.  

The United States Geological Survey (2007) describes the following project appropriate 

for classroom applications: 

Most of the information we have about our world contains a location reference, 

placing that information at some point on the globe.  When rainfall information is 

collected, it is important to know where the rainfall is located.  This is done by 

using a location reference system, such as longitude and latitude, and perhaps 

elevation.  Comparing the rainfall information with other information, such as the 

location of marshes across the [globe], may show that certain marshes receive 

little rainfall.  This fact may indicate that these marshes are likely to dry up, and 

this inference can help us make the most appropriate decisions about how humans 

should interact with the marsh. 

All of these tasks involve research that specialists all over the world take on in a 

professional environment every day, enabling a student with GIS experience to have 

practical applications to a project while honing a viable job skill.  In 2009 the U.S.  

Department of Labor Employment and Training Administration reported that the market 

for GIS professionals is growing at an annual rate of almost thirty-five percent, while the 

commercial employment market for GIS experts is expanding at the rate of one hundred 

percent each year.  Based on this data, there is clearly a need to develop a workforce 

skilled in geospatial technologies like GIS. 

 With the benefits of an enhanced global awareness, increased geographic literacy, 

and guaranteed employment in a growing field, geospatial analysis through the use of a 

GIS makes sense as an educational priority for schools and teachers. 
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AUTHENTICITY:  PROJECT-BASED LEARNING AND GIS 

 Use of GIS technology lends itself particularly well to project-based learning.  In 

the project-based learning environment, students assume professional roles as they work 

in teams to solve problems based on actual circumstances.  As members of a team whose 

responsibility it is to come up with a solution to real-world scenarios, students make their 

own decisions about what they need to research, what course of action to follow, and how 

to practically implement their plan in order to execute a final product.  Students are 

challenged to be self-directed collaborators while teachers facilitate their explorations.  

Asking research-related questions and taking the initiative to find answers to those 

questions are valued practices and are encouraged as student teams simulate participation 

in a workforce environment. 

 Many projects involving GIS would only be approachable in the project-based 

learning environment.  For example, a student-centered research project could place 

students in the role of international real estate developers who are given the task of 

building a new, “green” housing development, with three prime locations on different 

continents.  The students’ ultimate goal is to justify a recommendation to investors about 

the best location for the development based on a variety of factors, including cost, 

suitability of the terrain for building, potential for natural disasters, availability of fresh 

water, feasibility of using alternative energy sources, and the sustainability of the land for 

agricultural pursuits. 

 During research for this project, students can use a GIS to create a surface map 

comparing the lithologies of the three locations, develop map layers showing flood 
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plains, locations and depths of aquifers, proximity to active fault zones, and weather 

patterns.  The culmination of the project would be for students to actually make their 

presentations to, and receive feedback from, individuals within the professional 

community—local bankers, builders, agriculturists, and environmental specialists.  

Projects of this nature that involve using information from a wide variety of sources are 

common in the project-based classroom, and a GIS provides the means to investigate and 

analyze diverse data efficiently. 

 Is the scenario real?  Yes.  As populations grow and available resources decline, 

sustainable living is becoming a necessity.  Is the information accessible?  Yes.  Federal, 

state and local governments, corporations, universities and non-profit organizations are 

creating on-line databases that can be entered directly into a geographic information 

system.  Even data without a spatial reference—like an aerial photograph or printed 

map—can be imported and linked to a place on the globe so that it can be analyzed using 

GIS programming.  Is it motivating for students?  Yes.  Knowing that their research and 

opinions will be heard and commented on by professionals in the field, students have a 

built-in incentive to strive toward reaching beyond what it acceptable and on to what is 

exemplary. 

PROJECT-BASED LEARNING AND THE NEW TECH NETWORK 

 As a newly hired educator at a New Tech high school, I fully believe in the 

importance of its methodologies to the future of education.  The New Tech Network 

promotes an innovative program of educational reform whose foundational strategies are 
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rooted in project-based learning.  In addition to this instructional approach, the Network 

espouses the creation and maintenance of a new school culture that promotes trust, 

respect, and responsibility not only between students and teachers, but among students as 

well.  Collaboratively working to solve problems means that students are accountable to 

their peers, which requires a high level of responsibility similar to what is expected in a 

professional work environment.  Bringing students up to speed on the appropriate and 

effective use of technology enhances this instructional approach.  All students have 

access to computers and the internet, making it possible for them to become self-directed 

learners who don’t have to rely on their teachers for information and instruction.  

Teachers serve as facilitators who present the problems, guide students in their thinking 

and research as they devise problem-solving agendas, and ensure that accurate and viable 

answers to those problems are created. 

 Educational reform at this scale requires a major paradigm shift from teachers as 

purveyors of knowledge to students, to teachers as partners with students as they practice 

seeking and acquiring knowledge and skills independently.  Funds would have to be re-

allocated to support the acquisition of required technology and resources.  Staff members 

must be receptive and enthusiastic about the project-based learning model, and flexibility 

is essential in an environment that is student-directed as opposed to teacher-led.  Even 

building specifications would need to be adjusted to provide areas for the group 

collaboration that is the core of successful project-based learning.  Regardless of the 

myriad of challenges that face implementation of a program of this kind, it is my belief 

that educational reform in the guise of project-based learning that encompasses 21
st
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century skills such as geospatial technologies will transform students into responsible, 

productive global citizens. 
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