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Abstract 

     Silica-cemented sandstone, conglomerate, and caliche intervals (“silcretes”) occur at 

multiple levels within the Ogallala Formation in Garza County, Texas.  The distribution, 

stratigraphic position, petrology, and isotopic geochemistry of Ogallala silcretes are of 

interest because stratigraphic constraints indicate that they must have formed very 

recently, and at low temperature (2 to 17˚C) under groundwater conditions.  

Silicification of these silcretes, mainly by opal-CT, began with: 1) precipitation within 

intergranular pore spaces; 2) silicification by replacement of microcrystalline calcite; and 

3) silica precipitation within remaining voids.  The sequence of silica precipitation within 

voids was from opal-CT to lussatite to chalcedony to mega-quartz.  The Ogallala silcretes 

likely formed through the mixing of groundwater and lake water (Pleistocene Spring 

Creek Lake) that created an environment conducive to the precipitation of opal-CT. 
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Chapter I 

Introduction 

Ogallala Formation Silcretes 

     The Ogallala Formation is a widespread deposit of fluvial and eolian sandstone and 

conglomerate that accumulated in the High Plains region during Miocene through early 

Pliocene time (Reeves and Reeves, 1996).  Exposures of the Ogallala Formation are 

found around the periphery of the Southern High Plains, particularly in the foothills of 

the Caprock Escarpment.  In most areas, the sandstone and conglomerate of the 

Ogallala Formation is weakly consolidated with calcite cement (e.g., Reeves, 1976).  In 

some places, however, the sandstone is cemented intensely with silica.  These thin, 

durable, silica-cemented intervals are resistant to weathering, and stand out as ledge-

forming beds in Ogallala outcrops.  Such silica-cemented sandstone beds commonly are 

referred to as “silcrete” in studies of soils and sedimentary rocks (e.g., Reeves, 1976). 

     Excellent exposures of Ogallala silcrete beds are found on the Macy Ranch in Garza 

County, Texas.  These exposures offer the opportunity to document the stratigraphic 

and geographic distribution of silcrete within the Ogallala, and to determine the likely 

process responsible for silica cementation.  The conditions under which silica 

cementation takes place (e.g., temperature and depth of burial), and its timing after 

deposition have long been topics of debate in sedimentary petrology (e.g., McBride, 

1989).  The excellent exposures in Garza County, extensive available geochemical 
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database on caliches and groundwater in the region (e.g., O’Reilly, 1996; Soliz, 1996; 

Alomar-Camacho, 2001), and time constraints on Ogallala deposition established by 

vertebrate biostratigraphy (e.g., Winkler, 1985) provide an ideal framework to evaluate 

processes responsible for silcrete formation.  The sedimentary petrology of the Garza 

County silcretes is of interest because it provides a well-constrained example of silica 

cementation in a very recent (post-early Pliocene) setting in a low temperature 

environment under either soil or groundwater conditions.  The distribution and 

variation of the silcrete also is of interest for archaeological studies because it served as 

a local lithic resource for stone tool manufacturing (Johnson and Holliday, 1981; Hughes 

and Willey, 1978; Hurst et al., 2010). 

     The research goal is to determine the origin of the Ogallala silcrete.  The primary 

objectives required to accomplish this goal are to: 1) document the geographic 

distribution of silcrete on the U-Lazy-S Ranch and Macy Ranch; 2) determine the 

stratigraphic positions of silcrete within the Ogallala Formation; 3) describe the varied 

forms and petrology of the silcrete; 4) describe the thin-section petrography of each 

silcrete variety; and 5) collect stable oxygen isotopic data for silcrete and adjacent 

caliches to evaluate the likely conditions under which silica-cementation took place.   

The Nature of Silcretes 

     The term “silcrete” was introduced by G.W. Lamplugh (1902) to describe a geological 

material resulting from induration by siliceous cement and analogous to products of 

induration by lime (i.e., calcrete) and iron-oxide (i.e., ferricrete).  Today, the term has 
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come to describe rocks in which large quantities of authigenic silica either have 

accumulated in or replaced surface and near-surface geologic deposits (Summerfield, 

1983).  The general term “silica” refers to the chemical compound of silicon dioxide, 

SiO2, and, therefore, any of the polymorphs of silicon dioxide that include quartz, chert, 

chalcedony, and opal.  Silica-cemented rocks, so-called silcretes, are the diagenetic 

result of waters rich in dissolved silica circulating through permeable beds.  Silcretes are 

found throughout the world, but particular attention has been paid to the silcretes 

found in Australia (Watts, 1978; Thiry and Milnes, 1991; Webb and Golding, 1998; Lee 

and Gilkes, 2005; Thiry et al., 2006), central France (Thiry and Millot, 1987; Thiry et al., 

1988; Thiry, 1999), the United Kingdom (Ulyott et al., 1998; Ullyott and Nash, 2006),  

Africa (Summerfield, 1982 and 1983), and Asia (Khalaf, 1988).  Given the global 

distribution of silcretes, many names have been used to describe such rocks, e.g., 

orthoquartzite, puddingstone, sarsens, meulières, and millstones. 

      Authigenic silica cement (commonly occurring as syntaxial overgrowths on detrital 

grains) is considered common in sedimentary rocks that have significant detrital quartz 

content (Blatt, 1979).  Mature or “clean” sandstones are composed almost exclusively of 

well-sorted, well-rounded detrital quartz grains and contain less than 5% clay (Folk, 

1968).  Due to the absence of clay, the detrital quartz grain surfaces are free to interact 

with silica-rich waters circulating through pore spaces because little material is adhering 

to the detrital quartz.  These circumstances create an environment where silica-rich 
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waters may precipitate authigenic quartz in optical continuity with the detrital quartz 

(Blatt, 1979). 

     Conversely, authigenic silica cements are rare in immature sandstones with 

substantial clay content (Blatt, 1979).  The clay may act as a barrier between the detrital 

quartz and any silica-rich waters.  McBride (1989) has speculated that authigenic silica, 

as quartz overgrowths, requires less activation energy to grow on detrital quartz grains 

that act as nucleation sites.  Reciprocally, authigenic silica cement formed independent 

of detrital quartz requires higher activation energy and, therefore, is less likely to form 

(McBride, 1989).  As a result, sandstones with appreciable amounts of clay, especially as 

illuvial clay cutans on grain boundaries, typically do not have silica cement. 

     A long-running debate concerning the large quantities of silica found in silcretes has 

centered on possible sources for the silica.  Blatt (1979) describes this debate as the 

“hydraulic problem,” because surface and groundwaters only contain a sufficient 

amount of dissolved silica to trigger silica precipitation.  Very large volumes of those 

waters are needed to pass through the pores of the rock in order to generate any 

significant quantity of authigenic silica such as normally found in silcretes.  McBride 

(1989) summarizes at least 16 possible sources of silica.  The possible sources vary with 

the environment, local geology, and the depth at which silcrete genesis occurs.   A few 

of these possible sources include quartz pressure solution at depth, smectite to illite 

transformation, biogenic opal dissolution, meteoric or groundwater flushing, carbonate 
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replacement of quartz grains, volcanic glass hydrolysis, and the alteration of other 

silicate minerals (McBride, 1989).   

     Recently, an emphasis on silcrete research has been on detailed micro-morphological 

investigations to ascertain possible conditions that led to silcrete genesis.  Two different 

models of silcrete genesis have been posited – a pedogenic one and a non-pedogenic 

one (Thiry, 1997; Thiry and Milnes, 1991).  Stable isotope geochemistry also has aided in 

establishing the conditions of silicification, namely the temperature and isotopic 

composition of the fluids from which silica precipitated.   

Silcretes on the Great Plains 

     Silcretes in the Ogallala Formation of the Great Plains have been recognized and 

documented since the early to mid-20th century.  Much attention has been given 

particularly to the Ogallala silcretes of Kansas (Frye and Swineford, 1946; Swineford and 

Franks, 1959).  Although some of the early authors documented the occurrence of 

silcretes on the Southern High Plains of Texas (Midland and Canyon, Texas), they have 

offered little more than brief descriptions of the rocks themselves, without giving a 

model for silcrete genesis.  The present research provides a detailed petrographic 

investigation and geochemical analysis of the Ogallala silcretes in Garza County, Texas.  

The silcretes in this area offer an opportunity to determine the origin and timing of 

silcrete formation.  
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Chapter II 

Regional Geology and Silcrete Exposures 

Geologic Setting 

     The Southern High Plains is a high plateau that encompasses parts of eastern New 

Mexico and northwest Texas including a significant portion of the Texas Panhandle.  The 

Southern High Plains region is separated from the Canadian and Cimarron High Plains to 

the north by the Canadian River that passes through the upper Texas Panhandle.  The 

Pecos River borders the western edge of the Southern High Plains in southeastern New 

Mexico and southwestern Texas (Figure 2.1).  The southernmost border of the Southern 

High Plains in Texas has no natural topographic boundary as it merges with the Edwards 

Plateau of Central Texas.  The southernmost border, then, generally is defined as the 

northernmost areas of Edwards Limestone outcrops (Holliday, 1997).  The Red, Brazos, 

and Colorado rivers and their tributaries have eroded the eastern escarpment of the 

Southern High Plains during Quaternary times.  The Southern High Plains is composed 

mostly of poorly consolidated Cenozoic sedimentary deposits overlying Mesozoic strata. 

Triassic Strata 

     The Triassic Dockum Group, in most areas, forms the foothills along the edge of the 

Southern High Plains and underlies the Tertiary Ogallala Formation.  The Dockum Group 

in Texas is subdivided into the Tecovas and Trujillo Formations.  The basal Tecovas 

Formation consists of a conglomerate with overlying shale.  The Trujillo Formation is 
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composed of red interbedded conglomerate, conglomeratic sandstone, and shale 

(Holliday and Welty, 1981).  In the southern part of the Southern High Plains, a thick 

interval of red shale, the Cooper Canyon Formation, overlies the Trujillo Formation. 

 

Figure 2.1 – Index map of the Southern High Plains.  Map was modified from Reeves 
(1972). 
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Cretaceous Strata 

     In southern areas of the Southern High Plains, particularly along the eastern 

escarpment in Lynn, Garza, Borden, and Dawson counties, Cretaceous beds form the 

caprock escarpment and subcrop unconformably beneath the Tertiary Ogallala 

Formation.  The Antlers Sandstone consists of conglomeratic sandstone, and the Walnut 

Formation consists of black shale with abundant fossil oysters.  The Comanche Peak 

Limestone is a light gray, thinly bedded, argillaceous limestone, while the Edwards 

Limestone is a yellowish, thickly bedded limestone (Holliday and Welty, 1981). 

Tertiary Strata 

     The Miocene-Pliocene Ogallala Formation overlies Cretaceous, Triassic, and older 

strata and formed when erosion of the Rocky Mountains of northern New Mexico and 

southern Colorado began to shed sediment into eastern New Mexico and northwest 

Texas through extensive alluvial fans (Reeves and Reeves, 1996).  In most areas, the 

base of the Ogallala consists of fluvial gravel and sand.   Eolian deposits, likely derived 

from the ancestral Pecos River Valley, blanket the basal gravels.  The uppermost part of 

the Ogallala consists of the caprock caliche, a thick resistant pedogenic calcrete 

(Holliday, 1997). 

      In some areas, particularly on the eastern escarpment of the Southern High Plains 

(e.g., Crosby, Lubbock, and Garza counties) in Blanco and Yellowhouse canyons, the 

Ogallala has been elevated unofficially to group status and subdivided into a lower 

Couch Formation and an upper Bridwell Formation (Evans, 1949; Gustavson and 
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Winkler, 1988).  The Couch Formation is composed of fluvial gravel and sand and is 

overlain by eolian sand (Gustavson and Winkler, 1988).  The Bridwell Formation also 

consists of fluvial sediments (Gustavson and Winkler, 1988). 

Quaternary Strata 

     The Pleistocene Tule Formation and similar local units are lacustrine deposits inset 

within or cut locally into the Ogallala Formation (Holliday, 1997).  These lacustrine 

formations consist of green mudstone, limestone, and sand.  The sediments fill local 

lake basins.  A pedogenic calcrete, not unlike the caprock caliche of the Ogallala forms a 

cap on the lacustrine Blanco Formation (Holliday, 1997). 

     The Blackwater Draw Formation is a Quaternary deposit that forms the surface of the 

Southern High Plains in most areas.  It is a thick blanket (as much as 25 m; Gustavson 

and Holliday, 1999) of eolian sediment thought to have been derived from the Pecos 

River Valley due to its apparent northeasterly trend of sediment fining (Holliday, 1989).  

This recent eolian deposit also thickens in a northeasterly direction (Holliday, 1989; 

Reeves, 1976).  The thickening of the sediment relative to the source area appears to be 

a consequence of the interplay between eolian deposition, landscape stability (indicated 

through numerous buried soils), and wind erosion (Holliday, 1989). 

Silcrete Exposures 

     Ogallala silcretes are exposed on the Macy Ranch, a part of the greater U-Lazy-S 

Ranch in Garza County, Texas (Figure 2.2).  The silcrete exposures occur along the 

eastern escarpment of the Southern High Plains.  In all cases, the silcrete beds occur 
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within the Ogallala Formation, typically just below (less than 10 m) the caprock caliche.  

However in some places, the caprock caliche itself is partially silicified as well (e.g., Macy 

Locality 71).  Silcrete is exposed intermittently within this interval at multiple locations 

along the caprock escarpment (Figure 2.3).  The locations sampled for the present study 

reflect the varied occurrence of silcrete in this area. 

 

 

Figure 2.2 – Geologic map of Ogallala silcrete exposure locations in Garza County, Texas.  
Map is simplified from the Geologic Atlas of Texas, Lubbock Sheet, 1967.
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Figure 2.3 – Stratigraphic relationships of silcrete and surrounding strata.  Based on a sketch by T. Lehman, unpublished. 
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     In most places, the silcrete occurs as a single bed 10 to 50 cm thick with a gently 

irregular undulating upper surface and a highly irregular basal surface extending into 

nodular masses.  In other places, however, as many as three separate lenses are 

present.  At one location, the silcrete is a single, well-defined bed only a few centimeters 

thick with nearly planar upper and lower surfaces.  Where traced laterally, the silcrete 

beds thin and pinch out within typical Ogallala sandstone.  Silcrete beds do not 

necessarily conform to original depositional bedding within the Ogallala Formation as 

some silcrete beds (e.g., Macy Locality 70) include both sandstone and conglomerate 

intervals.  Four sites have been chosen for detailed study. 

Macy Locality 70 

     Three prominent silcrete beds occur at Macy Locality 70, the top of these bifurcates 

into two separate beds (Figure 2.4).  A scree or talus slope has formed at this outcrop 

from displaced silcrete blocks.  The individual silcrete beds essentially are horizontal and 

range from 10 to 40 cm in thickness. 

     The lower silcrete bed (TTU-AGC-023) occurs near the base of the Ogallala at this 

outcrop, just above the basal gravels.  This bed consists of silica-cemented sand and has 

an average thickness of 10 to 20 cm.  The middle silcrete bed (TTU-AGC-024) varies 

markedly in grain size.  The base of this bed consists of sand, while the middle to upper 

parts of the bed contains pebble gravel, with an abrupt contact separating the two 

(Figure 2.4).  This bed ranges from 6 to 20 cm thick.  Two beds occur above the middle 

bed (TTU-AGC-025 and TTU-AGC-026) near the base of the caprock caliche at this 
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outcrop.  Both beds vary in thickness from 10 to 30 cm and do not have any obvious 

grain size variability.  These top two beds are the result of bifurcation of a single silcrete 

bed (TTU-AGC-027; Figure 2.4).  The average thickness of this silcrete bed ranges 

between 30 and 40 cm and is discontinuous laterally.  This bed appears to be massive, 

but has some variability in color; the lowermost parts of the bed are lighter than the 

top.  Where this bed splits into the two distinct silcrete beds, the color variability 

between the two beds appears to mirror the color variation of the larger silcrete bed, 

where the lower bed is lighter than the upper bed. 
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Figure 2.4 – Macy locality 70.  Photograph of the uppermost silcrete bed (left) and the corresponding stratigraphic column for the 3 
silcrete beds at the same silcrete exposure location (right).  The photograph is courtesy of Lubbock Lake Landmark, Museum of Texas 
Tech University.  The stratigraphic column is not to scale.
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Macy Locality 71 

     The Macy Locality 71 outcrop is located along an abandoned road cut.  Silicification at 

this outcrop occurs within the basal gravels of the Ogallala up through the lowermost 

caprock caliche, in three discrete beds (Figure 2.5).  Another bed of silcrete appears to 

be the result of partial silicification of the caprock caliche (Figure 2.5).  This bed is 

indistinguishable visually from the rest of the caprock caliche. 

     The lowermost silcrete bed at this location (TTU-AGC-028, TTU-AGC-031, and TTU-

AGC-034 represent three sample locations along the lateral extent of the bed) occurs in 

the basal gravels of the Ogallala.  Silicification of this bed appears to be homogenous.  

The middle silcrete bed (TTU-AGC-029, TTU-AGC-032, and TTU-AGC-035) occurs in the 

Ogallala sandstone.  Silicification of this bed is mostly homogenous with the exception 

of small, sparse, opal-cemented vugs.  Directly above this silcrete bed is a zone of 

caliche nodules.  The uppermost discrete silcrete bed (TTU-AGC-030, TTU-AGC-033, and 

TTU-AGC-036) also occurs within the Ogallala sandstone.  This bed has large opal-

cemented vugs.  All three of these discrete silcrete beds are discontinuous laterally, and 

grade into weakly silicified zones where laterally traced.  Partial silicification of the 

caprock caliche also has occurred at this location.
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Figure 2.5 – Macy locality 71.  Photograph (left) exhibiting three discrete silcrete beds, highlighted zones 1, 2, and 3.  Stratigraphic 
column (right) at Macy locality 71; hatching in the lower caprock caliche signifies partial silicification.  The photograph is courtesy of 
Lubbock Lake Landmark, Museum of Texas Tech University.  The stratigraphic column is not to scale.

caprock caliche 
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Macy Locality 26 

     Ogallala silcrete at Macy Locality 26 is exposed in a local creek bed (Figure 2.6).  At 

this location, much of the overlying Ogallala Formation has been eroded away, exposing 

the silcrete over a broad area.  The general gradient of the creek bed is to the 

southwest, dropping approximately 3 m in elevation over the area where silicification 

has occurred.  The silcrete at this location has a very uneven and nodular appearance. 

     Only one bed of silcrete occurs at this location.  Samples have been taken at three 

points from the upstream to downstream end of the exposure.  Samples are labeled 

TTU-AGC-037, TTU-AGC-038, and TTU-AGC-039, proceeding downstream. 

Macy Locality 43 

     Macy Locality 43 is on the north side of the field area (Figure 2.2).  Silcrete at this 

area occurs relatively high in the Ogallala.  Two prominent silcrete beds exist (Figure 

2.7), both of which exhibit extensive manganese-oxide (MnO2) accumulation spots.  Two 

samples have been taken from each bed, with one additional sample taken from a 

displaced silcrete boulder (TTU-AGC-040, TTU-AGC-041, TTU-AGC-042, TTU-AGC-043, 

and TTU-AGC-044). 
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Figure 2.6 – Macy locality 26.  Photograph (left) displays silcrete exposed (and highlighted) in the creek bed.  Stratigraphic column at 
Macy locality 26 (right) at Macy locality 26 (not to scale).  The photograph is courtesy of Lubbock Lake Landmark, Museum of Texas 
Tech University. 
  



 

 
Figure 2.7 – Macy locality 43.  Photograph of silcrete exposure (left) and the corresponding stratigraphic column for the 
location (right).  The photograph is courtesy of 
not to scale.
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Photograph of silcrete exposure (left) and the corresponding stratigraphic column for the 
is courtesy of Lubbock Lake Landmark, Museum of Texas Tech University.  

Zaneta L. McCoy, August 2011 

Photograph of silcrete exposure (left) and the corresponding stratigraphic column for the same 
  Stratigraphic column is 
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Chapter III 

Previous Research on Silcretes 

 
     Silcretes, although nearly as common in the geologic record as calcretes, have not 

been a subject of as much investigation as similar chemically-precipitated rocks (e.g., 

calcretes, ferricretes).  As a result, the literature on this subject is not substantial.  Much 

of the literature that is available on silcretes is qualitative and speculative.  Earlier works 

have concentrated on the description of silcretes, and these gave rise to fabric 

classifications of silcretes.  Recent literature tends to focus on the processes that 

generate silcretes, and has resulted in genetic classifications for silcretes (pedogenic 

versus non-pedogenic). 

Fabric Classifications 

     Silcrete fabric classifications were provided by Smale (1973) and Summerfield (1983).  

Both authors based their classification schemes mostly on the grain-to-grain contacts of 

the detrital grain component of the host material in which silicification occurs, and the 

relationship between the detrital grain component and the type of silicification. 

Smale Classification 

     The classification created by Smale (1973) separates silcretes into five categories: 1) 

terrazzo; 2) conglomeratic; 3) albertinia; 4) opaline and fine-grained massive; and 5) 

quartzitic.  Types 2 and 3 are variations of type 1 (Smale, 1973).  Types 4 and 5 are 

considered distinct and rarer than types 1, 2, and 3 (Smale, 1973).  Terrazzo silcretes are 
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comprised of around 60% detrital quartz grains by rock volume in a cherty, 

cryptocrystalline or opaline matrix.  Conglomeratic silcretes contain abundant pebble-

sized gravel similar to the terrazzo type detrital grains, also in a siliceous matrix.  

Another variation of the terrazzo type are the albertinia silcretes.  These are almost 

exclusively composed of the matrix in the terrazzo type silcrete.  Opaline and fine-

grained massive silcretes consist of opal, chalcedony, or cryptocrystalline silica, typically 

with no detrital component.  Finally, quartzitic silcretes are characterized by authigenic, 

optically continuous overgrowths on detrital quartz grains (Smale, 1973). 

Summerfield Classification 

     Using the classification of Smale (1973) as a starting point, Summerfield (1983) 

constructed his own silcrete fabric classification, recognizing four distinct categories: 1) 

grain-supported; 2) floating; 3) matrix; and 4) conglomeratic.  Grain-supported (GS-

fabric) silcretes are those that contain enough detrital grain content such that the 

detrital grains in the rock form a self-supporting framework.  Because GS-fabric silcretes 

have a significant detrital grain component, the silica in these silcretes is typically 

cement filling the intergranular pore spaces and usually composed of optically 

continuous quartz overgrowths, chalcedony overgrowths, or microquartz.  The cement 

in some GS-fabric silcretes also includes secondary chalcedony and minor opaline silica. 

     Floating fabric (F-fabric) silcretes are those silcretes in which the grain size of the 

detrital component is at least 30μm, with an authigenic silica matrix having variable 

amounts of clay, sesquioxides, anatase, and carbonate, depending on the host material 
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that is silicified (Summerfield, 1983).  F-fabric silcretes are the equivalent of Smale’s 

(1973) terrazzo type.  Some voids and vugs also commonly are filled, partially or 

completely, by authigenic silica in F-fabric silcretes.  The authigenic silica in these voids 

and vugs takes the form of microquartz, chalcedony, or opal-CT.  Matrix fabric (M-fabric) 

silcretes are composed almost entirely of a silica matrix, with very little detrital grain 

content, generally less than 5%.  M-fabric silcretes are the equivalent of Smale’s (1973) 

albertinia type.  Conglomeratic- fabric (C-fabric) silcretes are composed of pebble-sized 

gravel encompassed in an F-fabric matrix; these silcretes are the equivalent of Smale’s 

(1973) conglomeratic type. 

     Summerfield (1983), in addition to creating a fabric classification scheme, 

theoretically modeled different mechanisms that could generate similar fabrics (Figure 

3.1).  The progressive replacement of an original matrix by siliceous cement can account 

for the four different fabric types observed (Figure 3.1).   

Genetic Classifications 

     The genetic classifications of silcrete attempt to recognize the dominant processes 

that govern silcrete formation.  Fabric classifications do not necessarily relate to a 

specific genetic classification, because one specific fabric type could be generated by a 

number of different mechanisms (Figure 3.1).  Most of the authors on silcretes 

distinguish between those having a pedogenic origin and those with a groundwater 

origin (Thiry and Millot, 1987; Thiry and Milnes, 1991; Thiry, 1997; Thiry, 1999).  

Sometimes, a third category is mentioned to recognize silcretes that form as a result of 
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the silicification of evaporites (Thiry, 1997; Thiry, 1999).  Nash and Ullyott (2007), in 

particular, have grouped silcretes into those having a pedogenic origin and those of non-

pedogenic origin.  The non-pedogenic silcretes are subdivided further into groundwater 

silcretes, drainage-line silcretes, and pan/lacustrine silcretes. 

Pedogenic Silcretes 

     Silcretes formed under soil-water conditions, termed pedogenic silcretes, develop 

near the land surface within soil profiles through the downward percolation of silica-rich 

waters (Nash and Ullyott, 2007).  According to Thiry (1997), pedogenic silcretes can be 

divided into two types, based on the silica mineralogy: 1) silcretes formed mostly of 

microquartz without clay and iron oxides; and 2) hardpan or duripan silcretes formed of 

opal with detrital clay and iron oxides.  Both types of pedogenic silcretes reflect the 

subsoil accumulation of silica, and therefore typically display features associated with 

soil processes, such as illuviation (i.e. material transported to lower horizons through 

the downward percolation of soil-water) and show evidence for different horizons 

(Thiry, 1997). 
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Figure 3.1 – Silcrete fabric development scheme.  From Summerfield (1983). 
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     Pedogenic silcretes of the microquartz variety display some diagnostic characteristics, 

such as a horizon of silica illuviation underlying a horizon of eluviation, resulting in 

geopetal structures in the zones of silica accumulation (Nash and Ullyott, 2007).  Also, 

this variety of pedogenic silcrete typically displays well-ordered silica cements in the 

upper horizons, whereas the lower horizons are usually cemented with poorly-ordered 

silica phases, such as opal (Thiry, 1999).  The well-ordered silica phases in upper 

horizons form through on-site dissolution and recrystallization of originally poorly-

ordered silica phases; from opal to microcrystalline quartz to euhedral quartz (Thiry, 

1997). 

     Pedogenic silcretes of the hardpan or duripan variety display similar silica illuviation 

and capping features of the microquartz variety, although the well-ordered silica 

cements are absent.  Mixtures of opal-CT and clay (kaolinite) are common as illuvial 

cements, along with opal laminae, and bioturbation structures (Thiry, 1997). 

Non-Pedogenic Silcretes 

     Groundwater silcretes occur at depth in the subsurface and usually are related to the 

water table in an unconfined aquifer.  This type of silcrete typically occurs as 

superimposed silicified lenses.  Thiry (1997) recognizes two distinct varieties: 1) silcretes 

formed in sandstones by the cementation of pores; and 2) silcretes formed by the 

epigenetic replacement of either claystones or limestones that occur in irregular and 

discontinuous shapes.  Diagnostic features of these silcretes include the preservation of 

primary sedimentary structures associated with the host sediment (i.e., stratification or 
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bioturbation) and silica accumulation in pores or by matrix replacement.  The 

silicification process in groundwater silcretes is dependent upon groundwater flow that 

is a function of the permeability of the host sediment.  Because the host sediments of 

different areas are likely to be dissimilar, the end results of silicification in different 

areas also display large variations (Thiry, 1997). 

     The classic example of groundwater silcrete of the pore cementation variety is found 

in the Fontainebleau Sands of the Paris Basin (Thiry et al., 1988).  The Fontainebleau 

Sand silcretes are characterized by three superimposed beds of sand with optically 

continuous quartz overgrowths that have grown into the intergranular pore spaces, 

producing tightly cemented sandstone beds.  These particular silcretes are thought to be 

the result of landscape dissection with an accompanying drop in the water table, where 

each silicified bed represents the water table level at one particular time (Thiry et al., 

1988). 

     Groundwater silcretes formed by silica replacement of claystones or limestones are 

likely to display co-existing silica phases (Thiry, 1997).  The co-existing silica phases are 

the replacement silica cement and the silica that precipitates in remaining voids in the 

sediment.  A typical silica phase sequence in voids is from opal to lussatite to chalcedony 

to quartz, where the more ordered silica phases occurs toward the center of the voids 

(Thiry, 1997). 

     Drainage-line silcretes are those silcretes that form in drainage networks.  These 

silcretes develop within the alluvial deposits of either current or past fluvial systems 
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(Nash and Ullyott, 2007).  Drainage-line silcretes are related closely to groundwater 

silcretes in that they can develop in zones of water table fluctuation or in areas that are 

marginal to drainage zones.  This type of silcrete may be the result of an accumulation 

of both clastic and phytolithic silica from floodwater in areas where amorphous silica 

precipitates as a result of shallow groundwater evaporation (Nash and Ullyott, 2007).   

     Lacustrine silcretes are those silcretes that develop either within or adjacent to 

ephemeral lakes or playas within endoric, or closed, basins (Nash and Ullyott, 2007; 

Goudie, 1973; Summerfield, 1982).  These silcretes can result from the mixing of saline 

lake waters and groundwater near lake margins or from direct silica precipitation from 

lake waters (Nash and Ullyott, 2007).  Silica precipitation in this setting is typically 

controlled by the pH and salt concentration of precipitating waters (Thiry, 1999; Nash 

and Ullyott, 2007).  At a pH of 9, silica will remain in solution.  If some process causes 

the pH of the water to drop, such as dilution with more neutral water (e.g., meteoric 

water), silica will begin to precipitate as long as the water is saturated with respect to 

silica (Bustillo, 2010).  The salt concentration of water is affected similarly by dilution, 

with silica favoring a less saline solution (Nash and Ullyott, 2007). 

     Lacustrine silcretes typically are found to have a lensoid or nodular appearance or an 

otherwise irregular shape (Nash and Ullyott, 2007).  Because this type of silcrete 

develops within or adjacent to lakes or playas, the sediment in which silicification occurs 

can be variable.  As such, silcrete may result from replacement of different materials 

(Nash and Ullyott, 2007). 
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Ogallala Silcretes 

     The Ogallala silcretes occur within the Ogallala Aquifer.  It might be assumed, then, 

that these are of the non-pedogenic (groundwater) type.  In some areas, however, 

silicification occurs within the calcrete that caps the Ogallala Formation (caprock 

caliche), and in that case, it could be argued that silicification is of pedogenic origin.  

Moreover, all of the silcretes in the study area occur immediately adjacent to a large 

Pleistocene lake basin, the Spring Creek beds, leaving open the possibility that the 

silcretes may be of lacustrine origin.  The stratigraphic and geographic setting of the 

Ogallala silcretes, then, is compatible with both pedogenic and non-pedogenic origins.
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Chapter IV 

Petrography 

     The Ogallala silcretes largely are cemented by various forms of opal and chalcedonic 

quartz.  A distinction is made here between the two varieties of opal, one of which is 

isotropic to nearly isotropic (opal-CT), while the other variety exhibits a fibrous habit 

and displays weak to strong birefringence (lussatite).   

Methods 

     Ogallala silcrete samples were collected from each level of silicification at each of the 

four outcrops (Macy localities 70, 71, 26, and 43).  Silcrete samples were cut with a slab 

saw and inspected for relevant cement textures, in preparation for making thin sections.  

At least one thin section was made from each sample (Table 4.1).  A petrographic 

microscope was utilized in order to identify the composition of the host material and 

the nature and degree of silicification. A slide film scanner was employed to scan whole 

thin sections in order to gain a better perspective of the textures in a broader context. 

General Petrology 

     The silcretes reveal different stages of silicification within a framework of 

microcrystalline calcite-cemented sandstone and conglomerate and within some areas 

of caliche.  The resultant silcretes can be divided roughly into two categories: silicified 

calcretes, for those intervals that contain a significant fraction of microcrystalline 

calcite; and silcretes, for the intervals that contain little to no microcrystalline calcite.  
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The two categories reflect the stratigraphy of the Ogallala and where the silicification 

within the Ogallala took place.  These two categories of silcretes are not restricted to 

any one of the study locations, though some locations do exhibit only one type of 

silcrete (Table 4.2). 

Table 4.1 - Thin section identification to corresponding bed and location.  * indicates the 
samples that were utilized for geochemical analyses. 
Exposure Location Silicified bed Sample ID 

Macy Locality 70 1 - lower TTU-AGC-023 
 2 - middle TTU-AGC-024 
 3 - upper TTU-AGC-025 
 4 - upper TTU-AGC-026 
 3-4 - upper TTU-AGC-027 
Macy Locality 71 1 - lower TTU-AGC-028 
 2 - middle TTU-AGC-029 
 3 - upper TTU-AGC-030 * 
 1 - lower TTU-AGC-031 
 2 - middle TTU-AGC-032 * 
 3 - upper TTU-AGC-033 * 
 1 - lower TTU-AGC-034 
 2 - middle TTU-AGC-035 
 3 - upper TTU-AGC-036 
Macy Locality 26 upstream TTU-AGC-037 
 midstream TTU-AGC-038 
 downstream TTU-AGC-039 
Macy Locality 43 lower TTU-AGC-040 
 lower TTU-AGC-041 
 upper TTU-AGC-042 
 upper TTU-AGC-043 
 Loose boulder – not in situ TTU-AGC-044 

 

Table 4.2 – An overview of the outcrop location and the type of silicification. 
Exposure Location Number of silcrete beds Type 

Macy Locality 26 1 silicified calcrete 
Macy Locality 43 2 silcrete 
Macy Locality 70 3-4 silcrete 
Macy Locality 71 4 Both: silicified calcrete and 

silcrete 
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Silicified calcretes 

     Silicified calcretes appear to be the result of the silicification of the upper Ogallala 

caprock caliche that is mainly composed of microcrystalline calcite-cemented sand.  

Some examples of silicified calcrete occurring in the Ogallala Formation reveal only 

sparse opal-CT silicification (e.g., Macy Locality 26).  Macy localities 26 and 71 both 

exhibit this variety of silicification.  Silicification here, is a result mainly of a pore-filling 

opal-CT cement, and to a lesser extent, later void-lining and void-filling cements with 

opal-CT, lussatite, and chalcedonic quartz.  A common theme of silica crystallinity 

increasing toward the centers of pores and voids is encountered both in the silicified 

calcretes and silcretes.  

Silcretes 

     Silcretes, within the context of the study area, are a result of the silicification of the 

lower sandstone and conglomerate intervals in the Ogallala Formation where 

microcrystalline calcite is largely minor or absent.  This type of silicification is found at 

three of the four outcrops in the study area.  Within this broad category, the silcretes 

display varying types of silicification, ranging from: 1) interstitial opal-CT cement 

crystallized in the intergranular voids; to 2) pore-filling, void-lining, and void-filling 

cements crystallized in the larger voids; to 3) the replacement of minor calcite 

(microcrystalline calcite and sparry calcite) that is present as cement in the sediment.  

Pores, in the context of this research, are distinguished from voids as empty space 

created as a result of bioturbation, whereas voids are regarded as empty space.  As in 
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the silicified calcretes, the silcretes also exhibit increasing silica crystallinity toward the 

center of intergranular spaces and voids, usually by opal-CT, lussatite, and chalcedonic 

quartz. 

Petrography 

Detrital Constituents 

     The original detrital grain content of the silcretes varies considerably in particle size 

and reflects the varied mineralogy of the Ogallala Formation.  The mineralogy of detrital 

grains is increasingly quartz-rich with decreasing particle size.   Granule and pebble 

gravel-sized constituents (coarser than 2mm) are highly variable in their mineralogy.  

They include various quartz types (plutonic, metamorphic, reworked sedimentary, and 

chert varieties), carbonate rock fragments (skeletal grain fragments and detrital calcite), 

siliciclastic rock fragments (siltstone and sandstone), feldspars (Na-plagioclase and 

microcline), and rare volcanic rock fragments (Figure 4.1).  Based on visual modal 

analysis, it is estimated that over 90% of the sand-sized particles (from 0.0625 to 2mm) 

in all silcrete samples are comprised of quartz that occurs as angular to sub-rounded 

grains of plutonic, metamorphic, and reworked sedimentary origin.  Second to quartz, 

and varied in abundance, are potassium feldspars (microcline), plagioclase feldspar, and 

carbonate rock fragments.  Various accessory minerals (tourmaline, muscovite, and 

biotite) occur in very low abundance.  Silt-sized particles almost exclusively are 

composed of angular to sub-rounded quartz of both plutonic and metamorphic origin.
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Figure 4.1 – Photomicrographs showing varied detrital gravel and coarse sand grains in 
silcrete.  Top picture is in plane polarized light, bottom is in crossed polarized light.  The 
width of the field of view is 3mm. 
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     The silcrete beds occur throughout the Ogallala Formation and, therefore, 

encompass both conglomerates that are characteristic of the lower part of the Ogallala, 

and sandstones that occur throughout the formation but are concentrated in the upper 

part.  Much of the silicified calcrete beds consist of sand grains floating in a 

microcrystalline calcite matrix, while only a few silcrete beds contain a large gravel 

fraction.   

     A point count analysis based on 300 points per thin section was conducted for 23 

samples of the Ogallala silcretes in order to estimate the individual percentages of 

detrital grains, authigenic silica cement, microcrystalline calcite, and remaining empty 

void space (Table 4.3).  The results indicated that the detrital grain content ranges from 

3% (TTU-AGC-033) to 62% (TTU-AGC-028).  The detrital grain content appeared lowest 

in those samples that overwhelmingly consist of the authigenic silica cement (TTU-AGC-

030, TTU-AGC -032, and TTU-AGC -033). 

     Generally, the detrital sand grains are composed of over 90% quartz.  In some cases, 

the sand is much more varied in composition and contains a higher percentage of 

feldspar, among other minerals.   Altered feldspars are abundant in samples taken from 

Macy Locality 43.  In plane-polarized light, the altered feldspars appear as dark buff-

brown grains, and are virtually unrecognizable in crossed-polarized light.  Partially 

altered feldspars also are noted in samples taken from Macy locality 70, notably TTU-

AGC-025, TTU-AGC-026, and TTU-AGC-027.  The alteration evident in these samples is to 

sericite clay, along cleavage planes (Figure 4.2). 
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Table 4.3 – Point count data for Ogallala silcrete samples.  Percentages are based on 300 
points for each thin section.  Original porosity was calculated by combining the 
percentages of silica cements, microcrystalline calcite matrix, and the remaining void 
space. 

Sample ID Silica Cement 

(%) 

Detrital Grains 

(%) 

Microcrystalline 

Calcite Matrix (%) 

Voids (%) Original 

Porosity (%) 

TTU-AGC-023 

(silcrete) 

69.7 30.3 0.0 0.0 69.7 

TTU-AGC-024 

conglomerate 

(silcrete) 

36.7 61.7 0.3 1.3 38.3 

TTU-AGC-024 

sandstone (silcrete) 

44.0 54.3 1.7 0.0 45.7 

TTU-AGC-025 

(silcrete) 

50.3 49.3 0.0 0.4 50.7 

TTU-AGC-026 

(silcrete) 

49.0 49.3 0.0 1.7 50.7 

TTU-AGC-027 

(silcrete) 

52.0 45.3 0.0 2.7 54.7 

TTU-AGC-028 

(silcrete) 

22.3 62.0 13.7 2.0 38.0 

TTU-AGC-029 

(silicified calcrete) 

56.3 26.0 16.7 1.0 74.0 

TTU-AGC-030 

(silicified calcrete) 

82.6 8.7 8.7 0.0 91.3 

TTU-AGC-031 

(silcrete) 

50.5 33.4 14.1 2.0 66.6 

TTU-AGC-032 

(silicified calcrete) 

70.0 10.7 15.3 4.0 89.3 

TTU-AGC-033 

(silicified calcrete) 

84.4 3.3 12.0 0.3 96.7 

TTU-AGC-034 

(silcrete) 

40.3 38.7 17.3 3.7 61.3 

TTU-AGC-035 

(silicified calcrete) 

39.0 27.3 30.7 3.0 72.7 

TTU-AGC-036 

(silicified calcrete) 

37.7 40.7 21.7 0.0 59.4 

TTU-AGC-037 

(silicified calcrete) 

6.0 51.3 40.7 2.0 48.7 

TTU-AGC-038 

(silicified calcrete) 

19.1 45.6 35.3 0.0 54.4 

TTU-AGC-039 

(silicified calcrete) 

27.7 37.0 34.3 1.0 63.0 

TTU-AGC-040 

(silcrete) 

55.3 43.3 0.0 1.4 56.7 

TTU-AGC-041 

(silcrete) 

49.3 50.3 0.0 0.4 49.7 

TTU-AGC-042 

(silcrete) 

49.3 50.3 0.0 0.4 49.7 

TTU-AGC-043 

(silcrete) 

51.7 47.3 0.0 1.0 52.7 

TTU-AGC-044 

(silcrete) 

49.3 50.3 0.0 0.4 49.7 
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Figure 4.2 – Microcline partially altered to sericite along cleavage lines.  Top picture is in 
plane polarized light, bottom in crossed polarized light.  The width of the field of view is 
0.5mm.

Sericite 
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Textures and Fabric 

     The texture of the Ogallala silcretes with regard to the packing of detrital grains and 

the relationship of fabric to the various silica cements varies.  In the silicified calcretes, 

the detrital grain content varies from 3.3% to 51.3% (average = 27.3%), and the original 

porosity varies from 48.7% to 96.7% (average = 72.7%).  The high percentage of original 

porosity indicates that much of the silica cement and microcrystalline calcite must be 

replacive in origin. 

     In the silcretes, the detrital grain content varies from 30.3% to 62.0% (average = 

46.15%), and the original porosity varies from 38.0% to 69.7% (average = 53.9%).  The 

high percentage of original porosity suggests that silica precipitation must have 

occurred very early, prior to sediment compaction, or is partly replacing an earlier 

calcite cement. 

     The origin of the very large pores in some cases is evident.  In the silicified calcretes, 

these pores seem to be root molds or burrows.  In the silcretes, however, the very large 

pore spaces are irregular and too large to be intergranular pores.  These large pores 

must have been present in the original sediment, although how they were sustained in 

the unconsolidated material is uncertain. 

     Following Smale (1973) and Summerfield (1983), the Ogallala silcretes have been 

categorized according to the two fabric classifications.  With few exceptions, the fabric 

of the Ogallala silcretes can be described as Terrazzo (Smale, 1973) or as Floating fabric 

(F-fabric; Summerfield, 1983).   Both of these fabric types correspond to detrital grains 
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floating in a silica matrix, either cryptocrystalline or opaline (Smale, 1973; Summerfield, 

1983).  The Terrazzo type fabric in the Ogallala silcretes is slightly modified from the 

definition given by Smale (1973), due to point count data indicating less than 60% 

detrital grains for each Terrazzo type sample.  Less frequently observed among the 

Ogallala silcretes are a few examples of the Conglomeratic (Smale, 1973) and 

Conglomeratic (C-fabric; Summerfield, 1983) (TTU-AGC-024, TTU-AGC-028, TTU-AGC-

031, and TTU-AGC-034).  This fabric usually occurs among the samples of silcrete 

recovered from the lower parts of the Ogallala where conglomerate is more prevalent.  

The difference between the Terrazzo / Floating (Smale, 1973; Summerfield, 1983) and 

the Conglomeratic / C-fabric (Smale, 1973; Summerfield, 1983) types is that the 

conglomeratic fabrics contain pebble-sized gravel as a detrital grain constituent. 

     In some samples (TTU-AGC-030, TTU-AGC-032, TTU-AGC-033) of the Ogallala silcrete, 

large areas have been cemented by opal with relatively few detrital grains present.  The 

fabric can be described as albertinia or opaline and fine-grained massive (Smale, 1973) 

or as Matrix (M-fabric; Summerfield, 1983).  These particular samples are not made up 

exclusively of the above fabrics.  In addition, they exhibit the Terrazzo (Smale, 1973) and 

F-fabric (Summerfield, 1983) types in the areas immediately surrounding the large opal 

cemented areas. 

     The traditional method for describing the textures of sedimentary rocks involves a 

maturation assessment of the detrital components of silcrete.  Samples of Ogallala 

silcretes range from texturally immature to submature, using the method described by 
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Folk (1968).  Detrital clay is present in some samples (e.g., TTU-AGC-041; Figure 4.3).  

Much of the clay, however, consists of illuvial clay coatings on grain boundaries.  This 

type of clay is accumulated by pedogenic illuviation and is not considered in assessing 

textural maturity.  Illuvial clay coatings particularly are well illustrated in sample TTU-

AGC-025 (Figure 4.4).  Most samples are found to be submature, due to the poor grain 

sorting (phi standard deviation value of 0.75Φ or higher). 

Cements 

     The silica cements in the Ogallala silcretes exhibit a variety of forms with respect to 

mineralogy and the mode of silicification.  These cements range from highly organized 

and intricate bands of opal varieties to massive opal cementation with no apparent 

structure.  The most common mode of silicification, present in virtually all samples, is 

pore-filling by isotropic to nearly isotropic opal-CT.  Void-lining cement is related to this 

and often found on the fringes of massive opal-CT pore-fillings (but not mutually 

exclusive).  These void-linings are composed of a more crystalline, weakly birefringent, 

fibrous opal, the opal-CT variety known as lussatite (Graetsch, 1994).  Void-filling by 

chalcedonic microcrystalline quartz is another cement commonly found to partially or 

completely fill voids remaining after opal cementation.  Another common mode of 

silicification results from replacement of microcrystalline calcite matrix by opal-CT.  

Finally, diffuse interstitial opal, typically forming bands of isotropic to nearly isotropic 

opal-CT to weakly birefringent fibrous lussatite, is found in some silcretes as an 

additional, or as the only mode of silicification. 
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Figure 4.3 – Detrital quartz grains floating in an opal matrix that is rich in detrital clay.  
Top picture is in plane polarized light, bottom picture is in crossed polarized light.  The 
width of the field of view is approximately 1mm. 
 



Texas Tech University, Zaneta L. McCoy, August 2011 

41 
 

 
 

Figure 4.4 – Illuvial clay along quartz grain boundaries.  Illuvial clays is depicted as bright 
yellow-red rims.  Picture is in crossed polarized light.  The width of the field of view is 
approximately 1mm. 
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     These types of silica cement grade into each other.  Pore-filling and interstitial 

cements vary with the volume of the pore space in the original unconsolidated 

sediment; i.e., either void space produced by organisms (e.g. roots, burrows) or the 

intergranular pore space that existed between grains.  Pore-filling cements also grade 

into void-lining cements that also may grade into void-filling cements.  Replacement 

cements appear to be unrelated to the other cement types and predominate in the 

silicified calcretes. 

Pore-Filling Cement 

     Pore-filling cements, in the context of this research, refer to fillings of large open 

areas with silica cement.  Most of these voids appear to be vertically-oriented root 

molds or burrows.  Pore-fillings by opal-CT occur regularly throughout the silcretes.  The 

pore-fillings are recognized in plane-polarized light due to the low amount of impurities, 

such as microcrystalline calcite blebs or clay, and the nature of their occurrence, as 

elongate stringers of opal-CT and lussatite (Figure 4.5).  This type of cement is 

associated closely with large voids that in many cases remain present within the 

cement, as either empty pore space or as a later partial to complete filling by 

chalcedonic quartz (Figure 4.6).  The pore-filling itself is characterized by either a 

massive filling of isotropic to nearly isotropic opal-CT or by a series of opal-CT and 

lussatite bands.  These bands are interpreted to be the result of alternating episodes of 

slow and successive precipitation that overlap to produce intricate cementation 

patterns (Figure 4.7).  In some cases, the massive opal-CT portion of cement includes 
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small white lines of a low birefringent material (Figure 4.6; Figure 4.8).  Sundin (1974) 

has interpreted these white lines to be crystallized α-tridymite within an opal matrix, 

based on x-ray diffraction analyses. 

     It appears, due to the vertical form and shape of these silicified zones, that the pore 

spaces were the result of root growth or organism burrows, and therefore represent, in 

most cases, secondary porosity produced by bioturbation.  Because this mode of 

silicification occurs in zones without much detrital material, this phase of silicification is 

thought to be one of the earliest, where silica-rich waters utilized these large pores 

preferentially as conduits. 

     The opal-CT and lussatite pore-filling cement is best illustrated in all of the samples 

from Macy locality 26 (TTU-AGC-037 through TTU-AGC-039), and in particular within 

sample TTU-AGC-039 (Figure 4.5).  An intricate pattern of opal banding is found here 

within small elongated secondary pores (Figure 4.6).  Macy locality 26 is characterized 

by only this type of cementation, and it may, therefore, provide an example of the early 

silica cementation process.  Silica cements account for between 6.0 and 27.7% of the 

volume of these samples, while remaining voids are between 1.0 and 2.0%.  The 

remaining volume of the samples is comprised of detrital grains (37.0 to 51.3%) and 

microcrystalline calcite matrix (34.3 to 40.7%; Table 4.3).
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Figure 4.5 – Opal-CT pore-filling cement, as elongated pores, among an otherwise 
micrite-rich sample.  Top picture is in plane polarized light, bottom is in crossed 
polarized light.  The width of the field of view is approximately 1mm. 
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Figure 4.6 – Pore-filling cement by opal-CT and lussatite bands.  Lussatite bands also line 
voids that are filled by length-slow chalcedonic quartz.  Small white lines in the right 
picture are interpreted to be crystallizing α-tridymite.  Top picture is in plane-polarized 
light, bottom is in crossed polarized light.  The width of the field of view is 3mm. 
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Figure 4.7 – Intricate pattern of opal-CT banding filling in a large pore.  Pattern is 
denoted by arrows.  Top picture is in plane-polarized light, bottom picture in crossed 
polarized light.  The width of the field of view is approximately 1mm. 
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Figure 4.8 – Opal-CT cement that includes small white lines interpreted as crystallized α-
tridymite.  α-tridymite lines are denoted by yellow arrows.  Top picture is in plane-
polarized light, bottom picture in crossed-polarized light.  The width of the field of view 
is approximately 1mm. 
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Interstitial Cement 

     Interstitial cement refers to cement that occurs primarily in the small interstices 

between detrital grains.  This type of cement typically is encountered as isopachous 

coatings surrounding grain boundaries and usually comprised of isotropic to weakly 

birefringent opal-CT (Figure 4.9).  Where multiple bands of interstitial opal-CT cement 

are present, however, the outer bands, toward the middle of the interparticle pore 

spaces, tend to grade into more crystalline and fibrous lussatite (Figure 4.10).   

     Interstitial opal cement is best displayed in the gravel-rich parts of sample TTU-AGC-

024 from Macy locality 70 (Figure 4.8).  In this sample, numerous gravel clasts have 

created abundant intergranular pore space to allow for multiple generations of banded 

isotropic opal-CT to weakly birefringent fibrous lussatite.  Samples TTU-AGC-040 and 

TTU-AGC-041 also exhibit excellent examples of interstitial opal cement.  This type of 

cement, however, only represents a small percentage of the total.
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Figure 4.9 – Isopachous interstitial opal-CT cement.  Top picture is in plane polarized 
light, bottom is in crossed polarized light.  The width of the field of view is 
approximately 1mm. 
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Figure 4.10 – Banded isopachous interstitial opal-CT to lussatite cement.  Top picture is 
in plane polarized light, bottom is in crossed polarized light.  The width of the field of 
view is approximately 1mm. 
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Void-Lining and Void-Filling Cements 

     Silica void-linings refer to the outermost band or bands of silica cement adjacent to a 

remaining empty void or a void that later was filled partially to completely.  In most 

cases, this outermost band is composed of lussatite, or weakly birefringent fibrous opal-

CT.  The fibers of lussatite have grown perpendicular to the surface of the band.  Due to 

this form of crystal growth, lussatite exhibits a sweeping extinction fabric as each 

individual fiber is not in optical continuity with adjacent fibers.  Due to the large 

amounts of included impurities (i.e. microcrystalline calcite or clay) present in some 

samples (TTU-AGC-025 through TTU-AGC-027, TTU-AGC-030, TTU-AGC-034), the 

outermost bands of lussatite frequently are more birefringent than the inner bands 

(Figure 4.11). 

     The lussatite void-linings are associated very closely with void-fillings by chalcedonic 

quartz.  Both the length-fast (TTU-AGC-024 and TTU-AGC-025, TTU-AGC -027 through 

TTU-AGC-032, TTU-AGC-034 through TTU-AGC-036, TTU-AGC-041, TTU-AGC-044; Figure 

4.12) and length-slow (TTU-AGC-024 and TTU-AGC-025, TTU-AGC-027, TTU-AGC-032, 

TTU-AGC-033; Figure 4.13) varieties of chalcedony have been observed within the voids.  

Zebraic chalcedony (length-slow chalcedony; McBride and Folk, 1977) is abundant in 

several samples.  Length-slow chalcedony typically is associated with evaporative 

environments (Folk and Pittman, 1971) but also is found in deep pelagic marine 

environments (Keene, 1983).  Although found with less frequency than the length-slow 

variety, length-fast chalcedony is common in the Ogallala silcretes. 
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Figure 4.11 – Lussatite void-lining and chalcedonic quartz void-fill.  Notice how the 
outermost band of lussatite is more birefringent than inner bands.  Top picture is in 
plane polarized light, bottom picture is in crossed polarized light.  The width of the field 
of view is approximately 1mm. 
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Figure 4.12 – Length-fast chalcedony filling in a void.  Top picture is in crossed polarized 
light, bottom is in crossed polarized light with the gypsum plate (λ=530nm) inserted.  
Notice that when the gypsum plate is inserted, the resulting interference colors (2nd 
order blue NW-SE direction) of the elongated chalcedony fibers are greater than that of 
the gypsum plate, resulting in a net increase of the gypsum plate and the chalcedony 
fibers which makes this length-fast chalcedony.  The width of the field of view is 
approximately 0.5mm. 
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Figure 4.13 – Length-slow chalcedony filling in a void.  Top picture is in crossed polarized 
light, bottom is in crossed polarized light with the gypsum plate (λ=530nm) inserted.  
Notice that when the gypsum plate is inserted, the resulting interference colors (1st 
order orange NW-SE direction) of the elongated chalcedony fibers are less than that of 
the gypsum plate, resulting in a net difference of the gypsum plate and the chalcedony 
fibers that makes this length-slow chalcedony.  The width of the field of view is 
approximately 0.5mm. 
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     Chalcedonic quartz, although most frequently observed in the voids, is not the only 

void-filling cement that occurs in the Ogallala silcretes.  Mega-quartz is less common 

(TTU-AGC-027 and TTU-AGC-044), but does occur (Figure 4.14 and Figure 4.15).  Mega-

quartz as void-filling cement, where it is observed, always occurs as the innermost silica 

cement in the void.  In one sample (TTU-AGC-027), mega-quartz is found as having 

precipitated in one void after chalcedonic quartz, while bands of isotropic opal-CT and 

weakly birefringent lussatite act as a void-lining cement within the same void (Figure 

4.15).  Calcite spar is found in one sample (TTU-AGC-044) filling in a void (Figure 4.16). 

Replacement Cements 

     Replacement cement, specifically the replacement of microcrystalline calcite by 

massive opal-CT, is encountered commonly in the Ogallala silcretes.  Small 

microcrystalline calcite blebs are visible in this replacement cement in plane-polarized 

light (Figure 4.17).  In virtually all samples that have this replacement cement (e.g., TTU-

AGC-042 and TTU-AGC-043), opal-CT displays colors and textures that are not typical 

(Figure 4.17).  In some samples, the replacement cement is difficult to identify due to 

significant quantities of included clay (e.g., TTU-AGC-040 -041). 
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Figure 4.14 – Lussatite void-lining with mega-quartz void-fill.  Top picture is in plane 

polarized light, bottom is in crossed polarized light.  The width of the field of view is 

approximately 1mm.  
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Figure 4.15 – Complete sequence of silica, surrounding and filling in a void.  Isotropic 
opal-CT, followed by fibrous lussatite void-lining, then chalcedony partially filling in the 
void, and finally mega-quartz filling in the remaining void after chalcedony (empty space 
in the void is left in the center).  Notice that in the top picture, the silica phases become 
increasingly clear toward the center of the void.  Top picture is in plane-polarized light, 
bottom is in crossed polarized light.  The width of the field of view is approximately 
1mm. 
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Figure 4.16 – Lussatite void-lining with chalcedonic quartz and calcite spar void-fill.  Top 
picture is in plane polarized light, bottom is in crossed polarized light.  The width of the 
field of view is approximately 1mm. 
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Figure 4.17 – Opal replaced micrite adjacent to opal pore-filling.  Notice how the opal in 
the replaced area appears to have significant impurities in plane-polarized light (top), 
while the opal pore-filling has a cleaner appearance. The width of the field of view is 
approximately 1mm. 
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     The replacement of microcrystalline calcite by opal-CT is indicated through the 

presence of residual microcrystalline calcite blebs in some areas.  In such areas, the 

microcrystalline calcite blebs appear to be present in much greater quantities than 

surrounding areas.  In plane polarized light, the blebs appear anomalous lime-green in 

color due to their small size and contrast in refractive index within surrounding opal.  In 

samples where microcrystalline calcite is abundant, isolated microcrystalline calcite 

crystals have the same anomalous color and are of the same anhedral shape.  The tiny 

microcrystalline calcite blebs included within the opal-CT matrix suggest that micrite 

existed before the opal-CT precipitated.  Also, the detrital grains within the opal-CT 

matrix generally have floating to point grain to grain contacts.  This situation indicates 

that some material occupied the space in between grains prior to opal precipitation.  

Otherwise, the intergranular pore space would be expected to be minimal after 

compaction. 

     Replacement cement in the form of opal-CT generally takes one of two forms.  In 

some samples (e.g., TTU-AGC-023, TTU-AGC-034, TTU-AGC-035), the opal-CT that 

replaces microcrystalline calcite is mostly isotropic with some local crystallization to α-

tridymite (Figure 4.8).  In other samples (Figure 4.17), the opal-CT that has replaced 

microcrystalline calcite is much less isotropic.  Due to impurities in the opal and the 

advanced silicification, the isotropic to nearly isotropic nature of opal-CT has appears to 

have been altered by partial crystallization. 
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Interpretation 

     The cementing process of the Ogallala silcretes, in most cases, appears to represent a 

case of slow and systematic silica precipitation within the empty space (e.g., 

intergranular pore space or void space left as a result of bioturbation) in unconsolidated 

sediment.  The active replacement of a previous material (in the case of the Ogallala 

silicified calcretes – microcrystalline calcite), however, also has occurred.  The 

replacement process predominates in the silicified calcretes.  Both the chemistry of the 

silica-precipitating fluid and the nature of the detrital sediment appear to have had 

some influence on the specific phase of silica that precipitated (impurity levels in the 

fluid and detrital sediment). 

     Petrographic examination indicates that opal-CT and the opal-CT variety lussatite are 

the preferred silica phases in the Ogallala silcretes.  The two opal-CT varieties are 

present abundantly in the samples.  At least two hypotheses for this apparent 

preference are: 1) the silica saturation levels of the precipitating fluid were such that 

opal varieties were preferred (Thiry, 1997); 2) the amount of impurities within the 

sediment and/or fluid (e.g., clay, microcrystalline calcite) were so significant that it 

prevented more crystalline silica phases from precipitating that require clean surfaces 

on which to nucleate. 

      Of the two hypotheses, it seems likely that either or both may have been true to 

some extent, or that the impurity levels within the unconsolidated sediment and pore 

fluid of the Ogallala Formation were significant enough to prevent more crystalline silica 
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phases from precipitating.  The petrographic evidence for the impurity hypothesis may 

be found in many samples where progressive silica precipitation along with increasing 

silica crystalline phases toward the center of voids.  One particular sample (TTU-AGC-

027) documents all the intermediate silica phases from isotropic opal-CT through mega-

quartz precipitating in a single void.  The plane polarized light photomicrograph of this 

sample (Figure 4.15) exhibits the increasingly clear nature of each progressive silica 

phase.  This observation indicates that each progressive silica phase precipitated from a 

less impure fluid than the prior precipitation event.  The same sequence of silica 

crystallization in voids has been found in groundwater silcretes (Thiry, 1997; Thiry and 

Milnes, 1991) and pedogenic silcretes (Thiry, 1997; Thiry and Millot, 1987) and silcretes 

described by others (Summerfield, 1982).   

     The silica sequence (opal to chalcedonic quartz to mega-quartz) may be the result of 

the on-site dissolution of less ordered silica phases (i.e., opal) and recrystallization of 

more highly ordered silica phases (i.e., chalcedonic quartz and mega-quartz) (Thiry, 

1997).  If this were the case in the Ogallala silcretes, however, so many examples of 

opal-CT and chalcedonic quartz co-existing should not occur, much less opal-CT, 

chalcedonic quartz, and mega-quartz co-existing.  Rather, it appears that the three silica 

phases are the result of changes in the chemistry of the silica-precipitating fluid with 

respect to impurities (Millot, 1964; Milliken, 1979; Thiry and Millot, 1987).  Given that a 

fluid is sufficiently saturated with silica to begin precipitation, generally, fluids with 

significant amounts of impurities and dissolved ions are more conducive to opal 
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precipitation.  Those fluids with little to no impurities and other cations in solution will 

more likely precipitate chalcedony or mega-quartz.   

     The precipitation of the silica phases, therefore, did not occur simultaneously.  

Rather, cementation of the Ogallala silcretes was a slow process that involved changes 

in the parent fluid, accounting for each different silica phase.  The initial opal 

cementation may have resulted from relatively rapid precipitation from silica-saturated 

solution.  The rapid precipitation may have resulted in engulfing minute crystals of clay 

and calcite as impurities.  As the pore spaces were filled, however, interstitial fluid flow 

became restricted and dissolved silica content diminished.  This situation could have 

resulted in slow nucleation of fewer crystals, of more ordered chalcedony and later 

mega-quartz.  The slower crystal growth also may have resulted in few inclusions of 

impurities. 

     A change in the chemistry of the precipitating fluid also could account for the 

appearance of calcite spar at the center of a void seen in one sample of the Ogallala 

silcretes (TTU-AGC-044, Figure 4.12).  In this case, a change in the pH of the fluid more 

likely is the main control behind its precipitation.  Given that a fluid is saturated 

sufficiently for precipitation, both calcite and silica have an inverse precipitation 

relationship centered at around a pH of 9.  That is, below a pH of 9, silica will precipitate, 

and above a pH of 9, calcite is more likely to precipitate (Bustillo, 2010).  

     With regard to the Terrazzo (Smale, 1973) and Floating (Summerfield, 1983) fabrics 

encountered in some of the samples, it was generated through the process of 
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cementation.  As postulated by Summerfield (1983), the different types of possible 

fabrics can be generated through the process of cementation.  With the Ogallala 

silcretes, it appears that the cementation process most likely contributed to a 

combination of F-fabric with localized Grain-Supported fabric (GS-fabric) that frequently 

is observed among the samples.   
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Chapter V 

Mineralogy and Geochemistry 

     Samples of Ogallala silcrete were analyzed by X-ray diffraction and by loss-on-ignition 

to determine the mineralogy of the silica phases present.  The stable oxygen isotopic 

compositions of silica phases were determined for comparison with related silcrete and 

chert from the region and to interpret the conditions under which the silcrete formed.  

Samples of various caliches and carbonates, also from near the study area, were 

analyzed for comparison with Ogallala silcrete and with the same material from 

different locations previously collected and analyzed (Alomar-Comacho, 2001; O’Reilly, 

1996; Soliz, 1996). 

Sample Preparation 

     Petrographic thin sections of Ogallala silcrete allowed for a visual inspection of the 

purity of silica-cemented vugs found in samples TTU-AGC-030, TTU-AGC-032, and TTU-

AGC-033 (Macy locality 71).  Silica lining the larger vugs was selected to avoid 

contamination of the samples with detrital quartz grains as much as possible.  After 

visual inspection with a petrographic microscope, silica samples were extracted from 

the silcrete where large open vugs were visible.  After extraction, the silica chips were 

crushed and ground using a Diamonite (synthetic sapphire) mortar and pestle and 

placed in clean glass vials for analysis. 
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Loss-On-Ignition 

     Loss-on-ignition (LOI) analysis was undertaken in order to estimate the total 

percentage of volatiles, primarily water and CO2, trapped within the silica.  Generally, 

for various phases of silica (opal-A, opal-CT, opal-C, chalcedony), as the degree of 

crystallinity increases, the water percentage decreases (Wilding et al., 1977).   

     Porcelain crucibles were wiped clean and placed in a furnace at 1000˚C for 20 

minutes in order to drive off any water adhering to the surface of the crucible.  After 20 

minutes in the furnace, the crucibles then were removed and placed in a glass 

desiccator for cooling.  The crucibles then were weighed individually, after which, 

approximately 1 g of each of the powdered samples were weighed into a crucible and 

placed into the furnace for 20 minutes.  After 15 minutes of cooling in the glass 

desiccator, the crucibles containing the dehydrated samples were weighed again.  The 

LOI percentage then was calculated for each sample using the following (Equation 5.1): 

                LOI  =   
�crucible + wet sample� - �crucible + dry sample�

�crucible + wet sample� - crucible
 x 100.                      �5.1� 

 

Table 5.1 – Loss-on-ignition data for the three silica samples (Macy locality 71). 
Sample ID Crucible 

Weight (g) 

Crucible + Wet 

Sample (g) 

Crucible + Dry 

Sample (g) 

LOI (%) 

TTU-AGC-030 8.69 9.72 9.66 5.67 

TTU-AGC-032 8.89 9.94 9.88 5.92 

TTU-AGC-033 8.71 9.87 9.82 4.02 

Average    5.20 
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     The three silica samples ranged from approximately 4 to 6% volatiles by weight.  

These samples were selected carefully to avoid contamination with detrital grains.  

Petrographic examination indicated they have very little or no micrite content.  It, 

therefore was reasonable to assume that the volatile component in these samples 

primarily is adsorbed water in the form of hydroxyl (OH-) and silanol (OH- bonded to a 

silicon atom) groups bound within the silica.  These LOI percentages were on the low 

end of typical water percentages in opal, usually between 5 and 10% (Phillips and 

Griffen, 1981).  This situation may be an indication that these silica samples have some 

crystalline structure and are not completely amorphous opal (opal – A).  LOI analyses, 

however, could not determine the degree of crystallinity. 

X-Ray Crystallography 

     X-ray diffraction (XRD) analysis was employed to determine the degree to which the 

silica samples are crystalline and if any variation occurs in the degree of crystallinity of 

different silcrete beds of the same location.  An identification of the specific types of 

silica phases also determined the most appropriate dehydration technique to be used 

prior to stable oxygen isotope analyses. 

     Using some of the remaining powder from the three silica samples utilized for LOI 

analysis, the method of x-ray powder diffraction was deemed most appropriate.  

Because powder samples for this method need to be ground as finely as possible, the 

silica powder samples were ground further to obtain a fine particle size.  Samples then 

were mounted onto a glass slide and smoothed down with another glass slide to ensure 
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a completely random particle orientation (Klein, 2002).  The powder mount then was 

placed in the path of the generated x-rays using a Rigaku Ultima III X-Ray Diffractometer 

housed at the Texas Tech University Department of Chemistry and Biochemistry XRD 

facility that can analyze both powder and thin films.  Families of atomic planes (and 

characteristic d-spacings between planes) are represented through the diffraction of the 

x-rays as they strike the randomly oriented powdered silica samples.  Identification of 

the silica phases could be accomplished only through diffraction satisfying the Bragg 

law, nλ = 2dsinθ, where n is an integer, λ is the wavelength of the incoming x-ray, d is 

the distance between atomic planes in the substance, and θ is the angle of the x-ray’s 

incidence.  The atomic d-spacing of the silica powder was determined through a 

manipulation of the Bragg law, where d = ��
� �	
 � . 

     The results of XRD analyses show that the three silica samples have almost identical 

peaks, only differing in their intensities (Figures 5.1 and 5.2).  The most prominent peaks 

occur at 2θ = 20.7˚, 21.7˚, 26.6˚, 35.7˚, 35.9˚, 39.5˚, and 42.5˚.  Given that the metal used 

to generate the x-rays in this case was copper (λ = 1.5418 Å) and n = 1, these 2θ values 

correspond to atomic d-spacings of 4.3 Å, 4.1 Å, 3.4 Å, 2.5 Å, 2.5 Å, 2.3 Å, 2.1 Å, 

respectively.  Jones and Segnit (1971) have classified opal into three phases, opal-C, 

opal-CT, and opal-A, based primarily on their respecZve XRD pa[erns.  Opal-CT has 

characterisZc peaks around 4.3 Å, 4.1 Å, and 2.5 Å (Jones and Segnit, 1971; Graetsch, 

1994).  The peaks centered near 4.3 Å and 2.5 Å appear to correspond to disordered 

tridymite stacking, while the peaks at 4.1 Å and 2.5 Å correspond to disordered 
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cristobalite stacking (Graetsch, 1994).  The peaks centered near 3.4 Å, 2.3 Å, and 2.1 Å 

are interpreted to represent chalcedony, which has an identical XRD pattern to quartz.  

Chalcedony is thought to be the most likely candidate because petrographic 

examination suggests that it is present in the Ogallala silcretes, as void and vug-fill 

associated with opal cementation. 

     XRD analysis of the Ogallala silcrete samples suggests that the silica is mostly opal, 

specifically the cryptocrystalline variety known as opal-CT, with varying degrees of 

secondary replacement by chalcedony.  Opal-CT is thought to be a disordered mixture of 

short-range to long-range crystal lattice structures of both low-temperature α-

cristobalite and α-tridymite (Wilding et al., 1977; Graetsch, 1994).  The CT refers to the C 

in Cristobalite and the T in Tridymite.  Opal-CT generally occurs in the form of 

lepispheres that are tiny spherical aggregates made up of thin, alternating crystal blades 

of α-cristobalite and α-tridymite (Graetsch, 1994).  These spherical clusters also are 

evident petrographically.  Chalcedony is a fibrous microcrystalline variety of quartz.  It 

produces virtually the same x-ray diffraction pattern as quartz, with lower peak 

intensities (Graetsch, 1994). 
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Figure 5.1 – X-ray diffraction patterns for the three silica samples.  Arrows indicate 
peaks attributed to certain silica phases present in the sample.
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Figure 5.2 – Combined x-ray diffraction patterns of the three silica samples.  Arrows indicate peaks attributed to certain silica 
phases within the sample.



Texas Tech University, Zaneta L. McCoy, August 2011 

72 
 

Oxygen Isotope Analyses 

     Stable oxygen isotope data, like other stable isotope data, is expressed in delta (δ) 

notation, given by equation 5.2: 

                           δ18Osample=

� O18

O16 
sample

-   � O18

O16 
standard

� O18

O16 
standard

 x 1000,                                  �5.2� 

where δ values are reported in per mil (‰) (Craig, 1957).  Positive δ values indicate that 

the ratio of heavy to light oxygen (18O/16O) is higher in the sample than in the standard, 

while negative δ values indicate the inverse.  The oxygen isotopic standard is Vienna 

Standard Mean Ocean Water or VSMOW that has an absolute heavy to light oxygen 

ratio of 2005.20x10-6.  For VSMOW, δ18O is taken to be 0.00 ‰. 

     Stable oxygen isotope analyses were carried out on the Ogallala silcrete opal-CT 

samples, as well as on various carbonate and caliche samples taken from sites 

stratigraphically above or near the Ogallala silcretes and chert samples also found in the 

study area.   

Silica Samples 

     A pre-fluorination technique combined with a laser fluorination procedure was 

pursued in order to attain the oxygen isotopic composition of the Ogallala silcrete opal-

CT samples.  Due to the hydrous nature of opal-CT (SiO2 x nH2O), dehydration of the 

samples was necessary to obtain a correct isotopic value.  The problems associated with 

hydrated silica stem from the fact that most of the water, in the form of hydroxyl (OH-) 
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and silanol (OH- bonded to an outer Si atom) groups, associated with opal-CT is 

adsorbed (Graetsch, 1994), is adsorbed onto the surface of the mineral.  The oxygen in 

the adsorbed water would be exchanged easily with fluids of different isotopic 

compositions in the environment.  It must be removed in order to avoid isotopic 

contamination with oxygen in the opal-CT.   

     At the University of New Mexico Department of Earth and Planetary Sciences Stable 

Isotope Lab, approximately 2.5 mg of working standards and opal-CT samples were 

weighed and loaded into a nickel sample holder.  Then holder then was loaded into the 

laser sample chamber to be put under vacuum for approximately 18 hours (Dodd and 

Sharp, 2010).  Because the samples were in a powder form, they had to be compacted 

into the sample holder slots to prevent scatter and subsequent contamination.  

Vacuum-treatment removed most of the adsorbed water, but to remove the remaining 

water, approximately 100 mbars of F2 gas (i.e., pre-fluorination) was admitted into the 

sample chamber.  Following pre-fluorination, working standards were vaporized with a 

CO2 laser in the presence of 100 mbars of BrF5 gas.  The O2 vapor then was transferred 

and isolated using a frozen zeolite trap to await analysis.  Upon heating the zeolite trap, 

the O2 vapor was released and transferred to the dual inlet of a Finnigan MAT Delta Plus 

mass spectrometer for analysis.  When the working standards yielded δ18O values that 

were comparable to their known δ18O value, the opal-CT samples were analyzed. 

     The analyzed samples are separated into three categories, based on their oxygen 

isotopic compositions and also corresponding with their petrology, i.e., opals (TTU-AGC-
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030, TTU-AGC-032, and TTU-AGC-033), cherts (ED-1, ED-2, TRD-1.3, SCB-2, SRC-1b, and 

CC-IP), and other silicified materials (T.O. 1.1, T.O. 1.4, and US-1).  The opal-CT samples 

have the highest oxygen isotope compositions (Table 5.2), with δ18OVSMOW values 

averaging around 33.3‰.  The first analysis of sample TTU-AGC-033 has produced a 

δ18OVSMOW value of about 32‰ that differs more than 1‰ from the other opal-CT 

samples, including a duplicate analysis of the same sample.  The difference in 

composition may be attributable to contamination within the sample chamber.  Due to 

the position of this particular sample within the nickel sample holder, it is possible that 

this sample may have been contaminated with another sample having a low oxygen 

isotopic composition, possibly one of the working standards located next to this sample.  

Bowers and Reaser (1996), in an effort to determine the origin of the Permian Alibates 

chert, have conducted oxygen isotopic analysis on two silica samples taken from the 

Ogallala Formation.  One sample comes from a specimen of petrified wood and one 

from a chertified caliche.  These two samples have yielded an average δ18OSMOW value of 

30.4‰.  This difference indicates that the opal-CT taken from the silcretes in the study 

area were formed by water that is more enriched in 18O relative to 16O. 
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Table 5.2 – Stable oxygen isotopic compositions of opal-CT samples (Macy locality 71) 
and other chert samples from the study area.  Second value represents duplicate 
analysis.  Average δ18OVSMOW only available for samples with more than one analysis.   
* Indicates samples previously measured (Kanhalangsy, 1997). 
Sample ID δ

18
OVSMOW (‰) Average 

δ
18

OVSMOW (‰) 

 

Standard 

Deviation 

Sample Description 

TTU-AGC-030 33.0 

33.8 

33.4 0.5 Ogallala Formation silcrete 

TTU-AGC-032 33.9 

33.4 

33.6 0.3 Ogallala Formation silcrete 

TTU-AGC-033 32.0 

33.8 

32.9 1.3 Ogallala Formation silcrete 

T.O. 1.1 20.1 - - Ogallala Formation – silicified 

caprock caliche 

T.O. 1.4 20.1 - - Ogallala Formation – silicified 

caprock caliche 

US-1 19.0 - - Potter Quartzite – Ogallala 

stream cobble 

ED-1 29.7 - - Edwards chert – Cretaceous 

Edwards Limestone nodule 

ED-2 28.2 - - Edwards chert – Cretaceous 

Edwards Limestone nodule 

TRD-1.3 29.6 - - Dockum chert – Triassic 

silicified wood 

SCB-2 28.7 - - Spring Creek Beds – 

Pleistocene lake limestone 

chert nodule 

SRC-1b* 29.5 - - Dockum Tecovas chert – 

Triassic silcrete 

CC-1p* 31.8 - - Dockum Tecovas chert – 

Triassic silcrete 
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     Analyzed chert samples (ED-1, ED-2, TRD-1.3, SCB-2, SRC-1b, and CC-1p) have the 

second highest oxygen isotopic compositions, with combined δ18OVSMOW values 

averaging about 29.6‰.  These chert samples are examples of Triassic cherts from the 

Dockum Group (TRD-1.3 and SRC-1b, CC-1p), Cretaceous Edwards chert (ED-1 and ED-2), 

and a sample taken from the Spring Creek lake deposits (SCB-2) near the Ogallala 

silcrete sample locations.  Bowers and Reaser (1996) also report oxygen isotope analysis 

of the Permian Alibates chert.  The results from their analysis indicate an average 

δ18OSMOW value of 30.0‰ for these cherts (Bowers and Reaser, 1996).  The similarity in 

oxygen isotopic composition, less than 0.5‰ difference, indicates that similar conditions 

were present during the formation of these cherts. 

     The analyzed siliceous materials having the lowest oxygen isotopic compositions, 

with a combined δ18OVSMOW value of 19.7‰, consist of silicified caliche (T.O. 1.1 and T.O. 

1.4) and a sample of a highly indurated silica-cemented siltstone known informally as 

Potter quartzite (US-1).  Because both materials contain a significant fraction of detrital 

quartz grains, most likely of plutonic and metamorphic origins, along with authigenic 

silica, the results of the analysis likely reflect a combination of the two silica 

compositions.  As a generalization, δ18O values for high temperature quartz are much 

lower relative to low temperature quartz (Savin, 1980).  As a result, the low oxygen 

isotopic compositions of silicified caliche and siltstone most likely reflect the 

combination of detrital quartz of high temperature origin with authigenic quartz of low 

temperature origin. 
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Carbonate Samples 

     A small power drill was employed to obtain powder samples from carbonate and 

caliche samples.  After removal, the powdered samples were placed in clean glass vials.  

Before analysis, each sample was roasted in a furnace at approximately 460˚C under 

helium (He) gas for at least 30 minutes in order to remove any organic matter from the 

samples.  After roasting, stable oxygen isotopic analyses were performed on samples 

using a conventional CO2 extraction line.  Samples were treated with phosphoric acid to 

produce CO2 gas (3CaCO3 +2H3PO4 = Ca3(PO4)2 + 3CO2 + 3H2O) that was collected and 

analyzed in a mass spectrometer.  After analysis, the oxygen isotopic data were 

corrected for an acid fractionation effect, resulting from the method of dissolving the 

carbonate to produce CO2 gas, using αacid-CO2 = 1.01025 at 25.2˚C. 

     Very little isotopic variability occurs among the samples of caliche and lacustrine 

carbonates (Table 5.3).  The carbon isotopic composition of the various carbonate 

samples show some variability, with δ13CPDB values ranging from -8.1 to -3.3‰ (Figure 

5.3).  As noted by O’Reilly (1996), δ13CPDB values decrease lower in the stratigraphic 

section.  For example, one of the samples with the highest carbon isotopic value is taken 

from the Blackwater Draw Formation (BWD) and has an average δ13CPDB value of -3.2‰.  

A sample with one of the lightest compositions has been taken from the base of the 

Ogallala caprock caliche (M71-Cb) with a δ13CPDB value of -6.6‰.  Because these samples 

were taken from a stratigraphic profile, they represent a context-related trend.  O’Reilly 

(1996) attributed this stratigraphic carbon isotopic trend to either an increase in 
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abundance of C4 plants or an increase in atmospheric CO2 levels from Tertiary through 

Quaternary times.  In contrast to the carbon isotopic trend, all of the samples have a 

δ18OSMOW value of around 26‰, with only one exception (Table 5.3).  One lacustrine 

carbonate sample (LC-1) has the highest δ18OSMOW value of approximately 33‰ (Table 

5.3). 

Oxygen Isotope Thermometry 

     The stable oxygen isotopic composition of the silica cement in silcretes reflects the 

temperature of the fluid from which the silica precipitated (Webb and Golding, 1998). 

     When two substances co-exist in equilibrium (e.g., silica – SiO2 and water – H2O), 

single element isotopes are exchanged between the substances (Sharp, 2007).  This 

exchange is known as an isotopic exchange reaction.  The equilibrium constant, K, 

describes this chemical reaction in equilibrium.  Equilibrium isotopic fractionation 

between the two substances can occur when one isotope in one substance is preferred 

over another.  The oxygen isotopic fractionation factor (α) between two substances, m 

and n, is defined as (equation 5.3): 

                                                  αm-n=

� O18

O16 
m

� O18

O16 
n

.                                                           �5.3� 
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Table 5.3 – Stable carbon and oxygen isotope compositions of lacustrine carbonate and 
caliche samples.  Duplicate samples along with averages and standard deviation are 
displayed beneath the first analysis. 
Sample ID δ

13
CPDB (‰) δ

18
OPDB (‰) δ

18
OSMOW ( ‰) Sample Description 

M71-Ct -5.04 -4.41 26.32 Ogallala Formation –caprock 

caliche, top 

M71-Cm  -5.38 -4.46 26.26 Ogallala Formation – caprock 

caliche, middle 

M71-Cb -6.53 -4.57 26.15 Ogallala Formation – caprock 

caliche, bottom 

Average for M71-C -5.66 -4.48 26.24  

M71-SC -6.04 -4.78 25.93 Ogallala Formation – silicified 

caprock caliche 

M71-R -8.05 -6.85 23.80 Ogallala Formation – recent 

caliche crack-filling 

BWD 

 

Average 

Standard Deviation 

-3.29 

-3.16 

-3.22 

0.10 

-3.57 

-4.32 

-3.94 

0.53 

27.18 

26.41 

26.80 

0.55 

Blackwater Draw Formation 

caliche 

L-BWD-t -4.85 -4.67 26.05 Pleistocene caliche - top 

L-BWD-m -5.24 -4.93 25.78 Pleistocene caliche - middle 

L-BWD-b -5.04 -5.34 25.36 Pleistocene caliche - bottom 

Average for L-BWD -5.04 -4.98 25.73  

LC-1 

 

Average 

Standard Deviation 

-3.28 

-3.32 

-3.30 

0.03 

2.65 

2.46 

2.56 

0.14 

33.60 

33.40 

33.50 

0.14 

Pleistocene lake carbonate 

LC-2 -6.17 -4.34 26.38 Pleistocene lake carbonate 

T.O. – 1.1  -6.71 -5.06 25.64 Ogallala Formation – silicified 

caprock caliche 

T.O. – 1.4 -6.74 -5.06 25.65 Ogallala Formation – silicified 

caprock caliche 

SCB – 3 -7.03 -4.46 26.27 Spring Creek Beds – 

Pleistocene lake limestone 
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Figure 5.3 – δ13C PDB and δ18OPDB values for carbonate samples collected in the study 
area.   
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It is related to isotopic exchange reactions through the equilibrium constant, K, by α = 

K1/n, where n is the number of atoms exchanged (e.g., Sharp, 2007).  The fractionation 

factor also can be expressed in terms of δ, through equation 5.4: 

                                                αm-n=
1 + � δm

1000�
1 + � δn

1000�  .                                                    �5.4� 

By substituting the definition of δ (equation 5.2) into equation 5.4, it becomes equation 

5.5: 

                                                αm-n=
1000 + δm

1000 + δn
                                                         �5.5� 

Temperature is related to the fractionation factor between two substances, m and n, at 

low temperatures through equation 5.6: 

                                             1000lnαm-n=
A x 106

T2 + B                                               �5.6� 

where T, temperature, is in Kelvin, and A and B are empirically and/or experimentally 

derived constants related to the two substances (e.g., Sharp, 2007). 

     Based on these equations, the temperature of two substances in equilibrium can be 

estimated given their two oxygen isotopic compositions.  To estimate the temperature 

of formation of the Ogallala silcretes, the oxygen isotopic composition of both the opal-

CT samples and the adsorbed opal-CT water driven off during dehydration must be 

known.  Because the method of obtaining the oxygen isotopic composition from opal-CT 

samples prevents direct collection of water during opal dehydration, the oxygen isotopic 

composition of the water from which the opal-CT precipitated in equilibrium could not 
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be analyzed directly in this case.  Oxygen isotopic compositions, however, are available 

for modern meteoric water on the Southern High Plains, as well as for saline lake waters 

and groundwater in the High Plains aquifer.  Because the Ogallala silcrete occurs in a 

near-surface setting, for the purposes of modeling, these water values can be used to 

estimate the likely range of temperatures at which the silcrete opal precipitated. 

     Modern meteoric waters collected from the Southern High Plains near the Ogallala 

silcrete study area yield δ18OSMOW values between -18 and -1 ‰, with the bulk of 

samples between -9 and -4 ‰ (Nativ and Smith, 1987) (Figure 5.4).  Similarly, 

groundwaters sampled from the Southern High Plains aquifer are concentrated between 

-9 and -5 ‰, and saline lake waters are typically at the highest end of this range (Nativ 

and Smith, 1987).  Using δ18O water values from -9 to -4 ‰, therefore, may provide a 

reasonable estimate for the oxygen isotopic composition of the water from which the 

silcrete opal-CT precipitated.  The assumption is that the silcrete formed in recent times 

or that the source of waters have not changed much since the time of silicification.  

Three different thermometers for the silica-water system have been employed to 

estimate temperature during opal-CT precipitation.  The three thermometers are also 

used to illustrate the differences and, in some cases, the similarities in obtained 

temperatures depending on which thermometer was used. 

     The calculated temperature estimates for the silcrete opal-CT samples range from 

19.7˚C to -4.6 ˚C, (Table 5.4).  The first sample, TTU-AGC-033 (Table 5.2), likely has been 

contaminated before analysis, creating a relatively isotopically lower average for the 
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sample.  A set of temperature estimates have been calculated based on the oxygen 

isotopic composition for the second TTU-AGC-033 sample analyzed instead (Table 5.4).  

These temperature estimates are quite comparable to estimates based on the other two 

samples.  Because the three opal-CT samples vary in δ18OVSMOW by less than 0.5 ‰ 

(without taking the questionable TTU-AGC-033 sample into account), the temperature 

estimation primarily is dependent on the oxygen isotopic composition of the water.  

Because it is very unlikely that the opal-CT precipitated under freezing conditions, the 

oxygen isotopic composition of the water is unlikely to be δ18OVSMOW ≤ -9 ‰.  Opal 

precipitation under sub-zero conditions is unlikely due to the decreased mobility of silica 

in solution.  The opal-CT, therefore, probably precipitated at temperatures ranging from 

about 2˚C to 17˚C.  These temperature estimates are consistent with studies of other 

silcretes, indicating that they typically form at low-temperatures (Webb and Golding, 

1998). 

Oxygen Isotope Comparison 

     The oxygen isotopic composition of pedogenic carbonates reflects the oxygen 

isotopic composition of meteoric waters supplied to the soil during pedogenesis 

(Cerling, 1984).  The oxygen isotopic composition of two substances in equilibrium, in 

this case, carbonate and meteoric water, is related directly to temperature.  For 

meteoric waters, the oxygen isotopic composition is correlated strongly with 

temperature (Sharp, 2007).  Cold air cannot hold as much water as warm air.  

Fractionation, therefore, occurs as a result of precipitation, where the heavier isotope 
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(18O) is removed preferentially from the air mass into the precipitate, leaving the 

remaining air mass depleted in 18O (Sharp, 2007).  As this cycle occurs, each successive 

precipitation event leaves the air mass (and the next precipitation event) depleted in 

18O than the last.  Because the oxygen isotopic composition of meteoric water is related 

to temperature, the oxygen isotopic composition of pedogenic carbonates also is 

related to temperature (Cerling, 1984). 

     O’Reilly (1996), Soliz (1996), and Alomar-Comacho (2001) conducted detailed stable 

isotope analyses on the Ogallala caprock caliche, Blanco Formation, and the Blackwater 

Draw Formation on the Southern High Plains of Texas.  O’Reilly’s (1996) research 

indicated that the Ogallala caprock caliche varies little in oxygen isotopic composition, 

with the δ18OvSMOW values ranging from 24.8 to 26.9‰, and an average around 25.6‰.  

The work of Soliz (1996) and Alomar-Comacho (2001) indicated that the Blackwater 

Draw Formation caliches have similar oxygen isotopic compositions as the Ogallala 

caprock caliche, with  δ18OVSMOW values ranging from 25.1 to 28.8‰ and 16.3 to 27.3‰, 

respectively, but both averaging from 25.7 to 26.0‰.  Similar oxygen isotopic values for 

the Ogallala caprock caliche and Blackwater Draw Formation were obtained in the 

present study, δ18OVSMOW values averaging 26.2 and 26.8‰, respectively (Table 5.3). 
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Figure 5.4 – Oxygen isotopic composition of modern meteoric waters on the Southern 
High Plains.  The larger graph shows δD and δ18OSMOW values for precipitation on the 
Southern High Plains.  Vertical purple lines indicate the range of δ18OSMOW values for 
precipitation.  The smaller graph shows δD and δ18OSMOW values for groundwaters in the 
Ogallala and other aquifers in the Southern High Plains.  The vertical red lines indicate 
the δ18OSMOW values for Ogallala aquifer waters, from Nativ and Smith (1987). 
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Table 5.4 – Summary of temperature estimates for opal-CT precipitation.  Temperature 
estimates are dependent on the oxygen isotopic composition of meteoric water.   
* indicates that the δ18Osilica value only reflects a single analysis instead of an average of 
two analyses. 
Sample ID Avg. 

δ
18

Osilica-

VSMOW (‰) 

δ
18

Owater-

VSMOW (‰) 

Faure 

(1998) - 

T˚C 

Friedman 

and O’Neil 

(1977) - T˚C 

Labeyrie 

(1974) - T˚C 

Average 

T˚C 

Standard 

Deviation 

TTU-AGC-

030 

33.4 -4 16.6 17.7 17.4 17.2 0.6 

  -5 13.1 13.6 13.4 13.4 0.3 

  -6 9.6 9.5 9.3 9.5 0.2 

  -7 6.3 5.4 5.3 5.6 0.6 

  -8 3.1 1.3 1.3 1.9 1.1 

  -9 0.0 -2.8 -2.8 -1.9 1.6 

TTU-AGC-

032 

33.6 -4 15.8 16.8 16.5 16.4 0.5 

  -5 12.3 12.7 12.5 12.5 0.2 

  -6 8.9 8.6 8.5 8.7 0.2 

  -7 5.6 4.5 4.4 4.8 0.7 

  -8 2.5 0.4 0.4 1.1 1.2 

  -9 -0.6 -3.7 -3.6 -2.6 1.8 

TTU-AGC-

033 

32.9 -4 18.3 19.7 19.3 19.1 0.7 

  -5 14.7 15.6 15.2 15.1 0.5 

  -6 11.2 11.5 11.2 11.3 0.2 

  -7 7.9 7.4 7.2 7.5 0.3 

  -8 4.6 3.3 3.2 3.7 0.8 

  -9 -0.8 -0.8 -0.9 -0.8 1.3 

TTU-AGC-

033 

33.8* -4 15.1 15.9 15.7 15.6 0.4 

  -5 11.6 11.8 11.7 11.7 0.1 

  -6 8.2 7.7 7.6 7.8 0.3 

  -7 5.0 3.6 3.6 4.1 0.8 

  -8 1.8 -0.5 -0.4 0.3 1.3 

  -9 -1.2 -4.6 -4.4 -3.4 1.9 
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     The oxygen isotopic composition of these different pedogenic carbonates varies little 

(slightly over 1‰).  The oxygen isotopic composition, further, is a reflection of mean 

annual temperature.  This situation suggests that the temperature at which pedogenic 

carbonates formed on the Southern High Plains remained fairly constant from Late 

Pliocene through Pleistocene times.  Temperatures have been estimated for the results 

of O’Reilly (1996) and Alomar-Comacho (2001) using an empirically-derived chart by 

Cerling (1984) that correlates the oxygen isotopic composition of meteoric waters with 

their corresponding temperatures.  Their results indicated that the mean annual air 

temperatures during formation of these pedogenic carbonates were between 9 and 

18˚C.  Based on similar reasoning, Soliz (1996) has assumed temperatures for pedogenic 

carbonate formation between 5 and 18˚C in an effort to determine the δ18OSMOW 

composition of the meteoric water.  His results indicate that the oxygen isotopic 

composition of meteoric waters must have ranged between -6.89‰, at 5˚C, to 0.16 ‰ 

at 18˚C. 

     The modern mean annual air temperature on the Southern High Plains, in the vicinity 

of the study area, is approximately 15 to 16˚C (NOAA, 2011).  The mean annual soil 

temperature is typically close to the air temperature and is classified in this area as 

thermic, with temperatures varying from 16 to 18˚C (TAMU Soil Characterization 

Laboratory, 2011; Birkeland, 1984).  In modern soils, soil temperatures at depths of 10 

m and below are relatively constant and can be estimated given the mean annual air 

temperature of the area (Soil Survey Division Staff, 1993). 
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     Because the Ogallala silcrete is found at shallow depth, less than 10 m below the 

caprock caliche in the study area, it probably has formed at temperatures comparable to 

the caprock caliche.  A temperature range of about 15 to 17˚C, therefore, is compatible 

with both modern and Tertiary caliche carbonate δ18O values as well as modern soil 

temperature in the vicinity of the study area.  This temperature (15 to 17˚C) is only 

compatible with opal precipitation from waters with the most 18O-enriched isotopic 

values reported for groundwater in the Southern High Plains aquifers and meteoric 

waters on the Southern High Plains (δ18OSMOW values of about -4‰).  The oxygen 

isotopic values of saline lakes on the Southern High Plains also are toward the heavy end 

of this range, with δ18OSMOW values from -4 to +1‰ (Nativ and Smith, 1987).  Opal may 

have precipitated from saline lake waters, or at least from waters that are isotopically 

enriched in 18O than typical Southern High Plains meteoric and groundwater. 

     Among the carbonate samples, the opal δ18OSMOW values (average 33.3‰) are closest 

in isotopic composition to samples taken from the Pleistocene Spring Creek lake 

carbonate (LC-1, average 33.5‰).  Silica and calcite fractionate oxygen in nearly the 

same proportion (according to the thermometers for the two systems – silica-water and 

calcite-water).  The oxygen isotopic compositions of both opal and the lacustrine 

carbonate are virtually the same (about 0.2‰ difference).  This situation suggests that 

the temperature of the water during carbonate precipitation and the oxygen isotopic 

composition of the lake water are similar to that of opal. 
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Interpretation 

     The δ18O values obtained from the opal samples, for the purpose of estimating 

temperatures of precipitation, indicated that the δ18OVSMOW value for the opal-

precipitating water was probably around -4‰.  The assumption was that opal 

precipitation temperatures were on a par with pedogenic carbonate formation 

temperatures.  Furthermore, carbonate-precipitating temperatures did not fluctuate 

much over time, assuming that the oxygen isotopic compositions are the original values 

(O’Reilly, 1996; Soliz, 1996; Alomar-Comacho, 2001).  Based on the findings, pedogenic 

carbonate temperatures and opal precipitation temperatures were within the same 

range. 

     In an attempt to establish a genetic relationship for the Ogallala silcretes with 

surrounding strata, a sample of the lacustrine Spring Creek carbonate (LC-1) has a near 

identical oxygen isotopic composition to that of the Ogallala silcretes.  Lacustrine 

carbonates have higher oxygen isotopic ratios than other carbonates due to a kinetic 

fractionation effect, namely evaporation.  Evaporation rates generally are high in lake 

basins, and as a result, the lighter oxygen isotope (16O) is evaporated preferentially, 

leaving waters more enriched in the heavier oxygen isotope (18O).  Carbonate minerals 

precipitating in such environments will reflect this isotopic fractionation effect.  Because 

silica and calcite fractionate oxygen nearly identically, similar conditions can produce 

near identical oxygen isotopic compositions.  The temperature of the lake water during 

carbonate precipitation and the oxygen isotopic composition of the lake water, 
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therefore, can be similar to the temperature or composition of the water in which the 

opal of the Ogallala silcretes precipitated. 

     Modern saline lake waters on the Southern High Plains have δ18OVSMOW values ranging 

from -4 to +1‰.  It may be reasonable to expect that waters of similar oxygen isotopic 

compositions also existed in lakes of the recent past, such as the Spring Creek 

Pleistocene lake.  Two different thermometer formulas for the calcite-water system 

(Friedman and O’Neil, 1977; Kim and O’Neil, 1997) and one calcite-water thermometer 

for lacustrine carbonates (Leng and Marshall, 2004) have been used.  Temperatures for 

lake waters have been estimated based on the oxygen isotopic composition of modern 

Southern High Plains saline lake waters and the oxygen isotopic composition of the 

Spring Creek lake carbonate.  Temperature estimates for the lake carbonates range from 

approximately 9 to -13˚C (Table 5.5).  If the Pleistocene lake waters had comparable 

temperatures to mean annual temperatures on the Southern High Plains during 

Pleistocene time and during the formation of the caliches, then sub-zero conditions are 

not likely.  This situation indicate that lake waters probably were within a δ18OVSMOW 

range of 0 to +1‰, or slightly higher. 

     The oxygen isotopic compositions of water for pedogenic carbonate formation on the 

Southern High Plains were estimated to be between -5 and -8‰ (δ18OVSMOW) (O’Reilly, 

1996; Soliz, 1996; Alomar-Comacho, 2001).  The δ18OVSMOW values for waters that 

formed the Ogallala silcrete opal-CT, in order to achieve comparable temperatures with 
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pedogenic carbonates, probably were on the heavier end of the assumed meteoric 

water values (around -4‰). 

     In order to obtain comparable temperature estimates for all three sources of data 

(pedogenic carbonates, lake carbonates, and silcrete opal), a temperature in the range 

of about 5˚ to 9˚C  would be compatible with: 1) pedogenic carbonates precipitated at 

the lower end of the observed range of δ18OVSMOW values (i.e. closer to 24‰) and, 

therefore, precipitated from meteoric waters of about -7‰; 2) lake carbonates 

precipitated at the higher end of the observed modern saline lake δ18OVSMOW values (i.e.  

0 to +1‰ – Table 5.5) and, therefore, at the more 18O – enriched  end of modern saline 

lake values; or 3) silcrete opal precipitated from waters in the intermediate range 

observed for modern groundwater on the Southern High Plains (i.e. δ18OVSMOW values of 

-6 to -7‰ – Table 5.4).  The silcretes may have formed in Pleistocene glacial time when 

the MAT on the Southern High Plains may have been in the 5˚ to 9˚C range.  The 

δ18OVSMOW value estimated for the silcrete opal precipitating water (-6 to -7‰) may 

indicate mixing of 18O-depleted waters (meteoric groundwater) and 18O-enriched water 

(saline lake water). 
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Table 5.5 – Temperature estimates for the Pleistocene Spring Creek lacustrine 
carbonate sample LC-1.  Estimates are based on a range of oxygen isotopic compositions 
for modern Southern High Plains saline lake waters.  * indicates that the temperature 
was converted to Celsius degrees from Kelvin.  ¤ indicates that temperature was 
calculated using δ18Ocarbonate-PDB and δ18Owater-VSMOW. 
δ

18
Ocarbonate-

SMOW (‰) 

δ
18

Ocarbonate-

PDB (‰) 

δ
18

Owater-

VSMOW 

(‰) 

Friedman 

and 

O’Neil 

(1977) - 

T˚C* 

Kim 

and 

O’Neil 

(1997)- 

T˚C* 

Leng and 

Marshall 

(2004) - 

T˚C
¤
 

Average 

T˚C 

Standard 

Deviation 

33.5 2.6 +1 9.3 6.7 7.0 7.8 1.4 

  0 5.4 2.7 2.9 3.6 1.5 

  -1 1.6 -1.5 -1.2 -0.4 1.7 

  -2 -2.1 -5.6 -5.0 -4.2 1.9 

  -3 -5.7 -9.5 -8.7 -7.9 2.0 

  -4 -9.0 -13.2 -12.3 -11.5 2.2 
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Chapter VI 

Archaeological Significance 

     The Southern High Plains was an environmental setting in which early Native 

Americans found abundant sustainable resources for subsistence and tool-making 

purposes (Johnson, 2008; Johnson and Holliday, 2004).  The use of Ogallala silcrete by 

regional Native Americans for tool production was documented well over 40 years ago 

(Hughes and Willey, 1978; Johnson and Holliday, 1981).  This material was associated 

with cultures as early as Paleoindian on the Southern High Plains (e.g., Lubbock Lake 

Landmark; Johnson, 1987).  The use of Ogallala silcrete was due to its local abundance 

and its ability to be re-sharpened easily (Johnson and Holliday, 1981). 

Background 

Archaeology of the Southern High Plains 

     Five major cultural periods are known for the Southern High Plains, spanning the late 

Quaternary (Johnson and Holliday, 2004).  Well-documented Paleoindian type localities 

include Clovis (Blackwater Draw Locality #1), Plainview (Plainview site), and Lubbock 

(Lubbock Lake Landmark) (Holliday, 1997; Knudson et al., 1998; Johnson and Holliday, 

2004; Figure 6.1).  The Paleoindian period (11,500 to 8,500 BP) is subdivided into Clovis 

(11,500 to 11,000 BP), Folsom (10,800 to 10,300 BP), and Late Paleoindian (10,000 to 

8,500 BP) (Johnson and Holliday, 2004).  Blackwater Draw Locality #1 (Clovis type site), 

Miami, and Lubbock Lake Landmark represent in-situ Clovis finds (Johnson and Holliday, 
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2004).  The Clovis culture is characterized by the use of distinctive fluted projectile 

points (Holliday, 1997).  The Folsom culture, represented on the Southern High Plains at 

Blackwater Draw Locality #1 and Lubbock Lake Landmark, also is characterized by a 

fluted projectile point but with a much larger flute and on both sides (Holliday, 1997; 

Johnson and Holliday, 2004; Figure 6.1).  Later Paleoindian cultures, represented at such 

sites as Plainview, Blackwater Draw Locality #1, Ryan, Lubbock Lake Landmark, and San 

Jon, are characterized by different unfluted lanceolate-shaped points (Holliday, 1997; 

Johnson and Holliday, 2004; Figure 6.1).   

     Archaic cultures (8,500 to 2,000 BP) are subdivided into Early, Middle, and Late 

(Johnson and Holliday, 2004).  Archaic cultures generally are characterized by side-

notched dart points (Johnson and Holliday, 2004). 

     The Ceramic period (2,000 BP to 1450 AD) is characterized by the use of pottery and 

the adoption of the bow and arrow (Johnson and Holliday, 2004).  In particular, the 

corner-notched Scallorn arrow point was used during the early part of the Ceramic 

period (Hughes and Willey, 1978; Johnson and Holliday, 2004).  Plains lithic tools, the 

stemmed Perdiz point, and Puebloan trade pottery (Mogollon) characterizes the later 

Ceramic period (Johnson, 2008; Johnson and Holliday, 2004). 

     The Protohistoric period (1450 to 1650 AD) is characterized by the use of the Garza 

point, a small basal notched triangular point, and micaceous pottery (Johnson and 

Holliday, 2004).  This period is the time of Apache intrusion into the Southern High 
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Plains and Coronado’s entrada across the region (Johnson, 2008).  Native American 

material culture is reliant on stone tool technology. 

     The Historic period (1650 to 1950 AD) is subdivided into the aboriginal Historic and 

the Anglo-Historic.  The earlier aboriginal Historic is characterized by the use of the 

Washita point, a small side notched triangular point representative of later Apache 

peoples.  The later aboriginal Historic is characterized by the use of metal arrow points 

representative of the Comanche intrusion into the Southern High Plains.  The modern 

horse is introduced into the region by the Apache followed by the Comanche and their 

remains also characterize the aboriginal Historic (Johnson, 2008; Johnson and Holliday, 

2004).  The Anglo-Historic is defined by the introduction of Anglo ranchers and settlers 

into the region and displacement of Native American groups (Johnson and Holliday, 

2004). 

Silcrete in the Archaeological Record 

     As a lithic material source, silcrete has been documented in archaeological contexts 

outside of the Southern High Plains in both southern Africa and Australia (McCall, 2007; 

Mercieca and Hiscock, 2008; Brown et al., 2009).  It is likely not coincidental that silcrete 

outcrops are ubiquitous throughout these regions of the world (Watts, 1978; Thiry and 

Milnes, 1991; Webb and Golding, 1998; Lee and Gilkes, 2005; Thiry et al., 2006; 

Summerfield, 1982 and 1983).  Where found, this material has been described as highly 

workable with good flaking quality (McBrearty and Brooks, 2000; McCall, 2007; Brown 

et al., 2009).   The flaking quality of silcrete, however, may be variable as consistent 
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flaking is difficult to achieve with some, making tool production more challenging 

(Brown et al., 2009).  Recent research has focused on heat treatment techniques to 

improve flaking quality of silcrete (Mercieca and Hiscock, 2008; Brown et al., 2009). 

 

Culture 
Time Span in years before 

present (BP) 
Point type 

Late Paleoindian – 
characterized by unfluted 

lanceolate points, including 
Plainview, Lubbock, 

Milnesand, and Firstview. 

10,000 to 8,500 

 

 
Plainview (left), 

Milnesand (right) 

Folsom – characterized by 
fluted Folsom and unfluted 

Midland points 
10,800 to 10,300 

 
Folsom (left), Midland 

(right) 

Clovis – characterized by 
fluted Clovis points 

11,500 to 11,000 

 
Clovis  

Figure 6.1 – Paleoindian chronology of the Southern High Plains.  Culture time spans are 
from Johnson and Holliday (2004).  Clovis and Folsom point type pictures are from Fagan 
(2001); Late Paleoindian point types from Holliday (1997). 
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Flaked stone terminology 

     Flaked stone artifacts are composed of rock materials that have been modified by 

knapping (Andrefsky, 1998).  Flaked stone artifacts may be modified (by the removal of 

flakes) into a core (a nucleus or nodule for the specific purpose of producing flakes) or 

stone tools such as a biface.  Remains of flaked stone tool makings include flakes, spalls, 

and chips (Andrefsky, 1998).  A flake tool that has been modified on one side is 

categorized as a uniface, while a biface is modified on both sides.  Debitage is a category 

that contains flakes and debris that have been discarded during the tool production 

process (Andrefsky, 1998).  

Ogallala Silcrete as a Lithic Resource 

     Although Ogallala silcretes are not a widespread and continuous unit within the 

Ogallala, silcretes are a locally abundant resource on the Southern High Plains, especially 

along the caprock escarpment.  Due to the pervasive nature of the silica cement, 

Ogallala silcrete breaks sharply and readily along conchoidal fractures.  The conchoidal 

fracture quality of the Ogallala silcrete is shared with other lithic resources such as 

various cherts (e.g., Edwards and Tecovas), quartzites (e.g., Tecovas and Potter 

quartzites), and other silicified materials (e.g., Alibates agate and various petrified 

woods).  In general, the cherts and quartzites are sought-after by Native Americans due 

to their greater durability.  Holliday and Welty (1981) have noted the suitability for tool 

manufacture of many of these materials, including what is likely Ogallala silcrete.  

Although Ogallala silcrete (discussed as silicified caliche – probably comparable to Macy 
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locality 26 Ogallala silcrete variety) can be of poor quality, it nonetheless can be 

knapped to produce tools.  Such tools are found in archaeological contexts on the 

Southern High Plains at sites near where silcrete is locally abundant (Holliday and Welty, 

1981; Figure 6.2).  In places where the silicification of caliche has advanced enough to 

produce an opalized caliche (e.g., Macy locality 71), the quality of material, with respect 

to tool manufacture, is increased significantly (Holliday and Welty, 1981).  Similar to the 

Ogallala silcrete, the Dakota orthoquartzite (silica-cemented sandstone of the Dakota 

Formation) also is common in archaeological contexts in the northern parts of the 

Southern High Plains (Holliday and Welty, 1981). 

     The Garza County Ogallala silcrete study area is a setting of numerous gravel outcrops 

and quarry sites from which Native Americans capitalized on an abundance of lithic 

resources (Hurst et al., 2010).  Among the knappable local lithic resources are the 

Ogallala gravels that include various quartzites, cherts, chalcedony, and petrified wood.  

Ogallala silcrete is among the knappable lithic resources in the study area, particularly 

where it is abundant at Macy locality 41 (Hurst et al., 2010).  The abundance of silcrete 

at this particular locality probably is due to the fact that it is exposed high along the 

caprock escarpment both to the northwest (Macy locality 70) and west (Macy locality 

71), respectively, of this gravel outcrop (Figure 6.3).  The escarpment at Macy locality 70 

creates a scree slope, where silcrete colluvial debris has encroached into the gravel at 

Macy locality 41.  An old road leading to the outcrop at Macy locality 71 also creates a 

conduit for silcrete colluvial debris to be transported down slope into Macy locality 41. 
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     Flaked stone artifacts made of Ogallala silcrete are observed frequently at the various 

sites surveyed in the study area (Hurst et al., 2010).  Both unifacial tools and debitage 

have been recovered from numerous sites on the Macy Ranch (Figures 6.4, 6.5).  Tools 

made of Ogallala silcrete appear to be primarily expediency tools (Hurst, personal 

communication, 2010).  Expediency tools are those tools that are made with little or no 

production effort (Andrefsky, 1998).  Finished formal tools such as projectile points 

made from Ogallala silcrete, however, also have been recovered. 

     Ogallala silcrete also has been used in hearth construction (Macy locality 25) in the 

study area (Figure 6.6).  The remnant of this hearth is composed of hundreds of 

fragments of Ogallala silcrete.  The distribution of the fragments suggests that the 

silcrete may have exploded on contact with the hearth fire or intense heat.  This 

explosion would be due to the nature of the silcrete opal-CT cement.  Because the opal-

CT in Ogallala silcrete contains between 4 and 6% of non-essential water, this volatile 

component of the rock can be liberated easily by heat.  In the process of rapidly 

liberating the non-essential water, the rock may have exploded. 

     In the context of this research, silcrete is defined as a silica-cemented rock that 

includes silicified sandstones, conglomerates, and various caliches.  Therefore, many 

silicified materials found on the Southern High Plains geologically are considered 

silcretes.  The discussion of lithic materials such as silicified caliche and common opal 

found in archaeological contexts on the Southern High Plains, therefore, is relevant to 

the discussion of Ogallala silcrete.  
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Figure 6.2 – Map of the Southern High Plains showing Ogallala silcrete exposures and 
archaeological sites with silcrete artifacts.  Map is modified from Holliday (1997). 
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     The Garza County study area for the Ogallala silcrete was not the only area where use 

of this material on the Southern High Plains has been documented.  Johnson and 

Holliday (1981) recorded the presence of silicified caliche among the artifacts recovered 

from both a Paleoindian campsite and bison butchering locale at the Lubbock Lake 

Landmark.  The material was found in abundance and appeared to be a preferred 

material, even more than the Alibates and Edwards cherts (Johnson and Holliday, 1981). 

     Frison (1974) and Johnson and Holliday (1981) have speculated that the reason for 

the apparent preference of silicified caliche over higher-quality materials is the ease 

with which it can be sharpened.  Although other factors should be considered, this 

particular quality becomes more important in butchering animals with thick hides (e.g., 

bison; Frison, 1974).  Many of the silicified caliche artifacts found at Lubbock Lake were 

re-touched (Johnson and Holliday, 1981) that may be a consequence of use in cutting 

thick animal hides. 



Texas Tech University, Zaneta L. McCoy, August 2011 

102 
 

 
Figure 6.3 – Map showing Ogallala silcrete exposures in Garza County, Texas and gravel 
outcrop with abundant silcrete blocks.  Silcrete outcrops labeled in white, gravel 
outcrop labeled in yellow.  Map from Hurst et al. (2010). 
 
 



 

Figure 6.4 – Ogallala silcrete uniface
Museum of Texas Tech University.
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Ogallala silcrete uniface.  Photo is courtesy of Lubbock Lake Landmark, 
Museum of Texas Tech University. 

 

Zaneta L. McCoy, August 2011 

 
to is courtesy of Lubbock Lake Landmark, 



 

Figure 6.5 – Ogallala silcrete debitage.  Photo 
Museum of Texas Tech University.
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Ogallala silcrete debitage.  Photo is courtesy of Lubbock Lake Landmark, 
Museum of Texas Tech University. 

 

Zaneta L. McCoy, August 2011 

 
is courtesy of Lubbock Lake Landmark, 
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Figure 6.6 – Ogallala silcrete hearth.  Photo is courtesy of Lubbock Lake Landmark, 
Museum of Texas Tech University. 
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     In an archaeological survey of the MacKenzie Reservoir along the northern 

escarpment of the Southern High Plains, some of the artifacts collected were made of 

common opal (Hughes and Willey, 1978).  Common opal referred to opal that occurs 

locally in the Ogallala (Hughes and Willey, 1978).  Holliday and Welty (1981) also 

described this same material as being the result of advanced silicification of the lower 

caprock caliche in the Ogallala.  Based on these descriptions, this common opal most 

likely was the same kind of material that occurs in the upper silcrete beds at Macy 

Locality 71 (TTU-AGC-030, TTU-AGC-032, and TTU-AGC-033).  The knapping quality of 

opal results in tools of “fairly good quality” (Holliday and Welty, 1981: 209).  

Macroscopic Identification of Ogallala Silcrete Types 

     Both Ogallala silicified calcrete and silcrete are a function of the silicification of 

different stratigraphic positions within the Ogallala Formation.  A macroscopic 

identification scheme distinct to each of the two silcrete types possibly could narrow 

down or exclude certain outcrops from which early peoples may have procured silcrete.  

Macroscopic identification of the two Ogallala silcrete types, therefore, is proposed to 

aid in archaeological investigation. 

     The two types of silcrete in the Ogallala Formation (i.e., silicified caliche and silcrete) 

are inherently different based on their respective mineral compositions.  Through the 

process of silicification, however, both silicified calcrete and silcrete become 

increasingly similar in thin section due to increasing silica content.  Texture of the rock 
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itself, then, becomes more important in distinguishing the two silcrete types from each 

other. 

Silicified Calcretes 

     Ogallala Formation silicified calcrete in the vicinity of the study area may have some 

identifying traits that help to distinguish it from silcrete.  Some Ogallala Formation 

silicified calcretes (i.e. Macy locality 71) contain abundant and obvious root molds and 

organism burrows.  These features, produced by bioturbation, are preserved due to 

silica precipitation within these structures.  Because white opal-CT and chalcedony are 

the dominant silica phases that are involved in this part of the silicification process, 

these features are more pronounced as they are in stark contrast with the rock itself, a 

pink to buff colored material.  Silicified calcretes occur in the caliche zone or zone of 

pedogenesis and bioturbation features such as root molds and organism burrows are 

associated with such zones.  The presence of silicified bioturbation features, then, likely 

is a good indication that the material in question is a silicified calcrete.    

Silcretes 

     Macroscopic identification of silcrete in the Ogallala Formation in the study area is 

somewhat problematic.  In some cases (e.g., Macy locality 70 and 71), silcrete forms as a 

result of the silicification of conglomeratic intervals occurring near the base of the 

Ogallala Formation in the study area.  In these specific cases, macroscopic identification 

of silcrete may be less challenging because conglomeratic intervals do not occur 

stratigraphically in the caliche zone of the Ogallala Formation where the other silcrete 
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type (silicified calcrete) occurs.  A possible approach for distinguishing the two silcrete 

types, therefore, is based on the grain size variation of material that was silicified.  

     In attempting to distinguish the two types of Ogallala silcrete macroscopically, no 

way is known to distinguish other silicified materials that source from other geologic 

formations that may have similar characteristics in common.  For example, both a 

silicified conglomerate from the lower Ogallala and the same from a Cretaceous-age bed 

may contain marine fossils, and, therefore, may be indistinguishable solely based on the 

grain size variation and even using marine fossils as a secondary identifier.  Using a 

second set or even third set of unique macroscopic identifiers may help to overcome 

this problem, but it will not always be guaranteed. 

Potential for Isotopic Discrimination of Lithic Materials 

     The use of stable isotope geochemistry as a tool to discriminate lithic materials from 

varied sources or to discriminate higher from lesser-quality lithic resources has not been 

attempted previously.  For the present study, stable oxygen analyses have been 

conducted on the Ogallala silcrete and other lithic resources commonly found on the 

Southern High Plains.  The results of those analyses may offer a means for potential 

discrimination between the different materials. 

     Based on the analyses, certain materials have similar oxygen isotopic values.  The 

silicified caliche samples and Potter quartzite samples all have a δ18OVSMOW value of 

around 19.7‰.  Alibates agate analyzed by Bowers and Reaser (1996) yielded an 

average δ18OVSMOW value of about 30.0‰.   Similarly, all the chert samples analyzed in 
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the course of this research (Dockum Tecovas cherts, Edwards chert, Spring Creek chert) 

had δ18OVSMOW values that average around 29.6‰.  Opal taken from Ogallala silcrete 

samples (TTU-AGC-030, TTU-AGC-032, and TTU-AGC-033) yielded δ18OVSMOW values that 

average around 33.3‰. 

     All of the cherts from Permian Alibates, Triassic Tecovas, Cretaceous Edwards, and 

Quaternary Spring Creek yielded δ18OVSMOW values of about 30‰ or so, regardless of 

geologic age.  This finding suggested that the silicification process (replacement of 

limestone) was the same in all cases and the fluid responsible (fresh water) was the 

same through time as well. 

     Opal samples from the Ogallala silcrete yield similar δ18OVSMOW values (near 30‰) 

suggesting that here the silicification process was similar.  Bulk samples of Ogallala 

silicified caliche and Potter quartzite (a silica-cemented siltstone) yield much lower 

δ18OVSMOW values (near 20‰).  This situation likely reflects contamination by abundant 

detrital quartz grains not present in the chert or opal samples.  An abundance of detrital 

quartz grains in silicified materials would be evident by simple visual inspection.  

Currently, it seems unlikely that oxygen isotope values would be of use in discriminating 

siliceous materials from different sources or of varied quality. 
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Chapter VII 

Discussion 

     The silcrete outcrops in the study area exhibit multiple zones of silicification.  

Petrographic investigation of the Ogallala silcretes shows that at least two types occur: 

1) silicified calcrete; and 2) silcrete.  Type 1 occurs in the upper Ogallala within the 

caprock caliche and contains appreciable amounts of microcrystalline calcite, with 

limited to locally abundant silicification.  Type 2 silcrete occurs stratigraphically lower 

within the sandstone and conglomerate of the Ogallala. These silcretes contain little to 

no microcrystalline calcite and are often extensively silicified. 

Silica Paragenesis 

     Petrography of the Ogallala silcretes suggests a general paragenetic sequence of 

silicification: 1) silica precipitation in pore spaces; 2) silicification by replacement of 

microcrystalline calcite; and 3) silica precipitation within remaining voids (Figure 7.1).  

Silicification by replacement of a previous material (2) and silica precipitation within 

remaining voids (3) could have occurred synchronously as little petrographic evidence 

exists to indicate which of the two began first.  It seems likely, however, that the silica 

precipitation within remaining voids probably occurred last, although the length of time 

is unknown.  Silicification by replacement of microcrystalline calcite results in inclusion 

of abundant impurities, while the increasingly higher forms of quartz that precipitated 
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within voids have progressively fewer impurities.  This situation suggests a progressive 

change in the precipitating fluid. 

Silica precipitation within pore space (a passive process) 

     Samples of both the silicified calcretes and the silcretes exhibit silica cementation 

within the pore spaces of the rock.  The silicified calcretes of Macy Locality 26 exhibit 

only silicification within pore spaces.  This observation suggests that silica precipitation 

within pore spaces, at least in the silicified calcretes, was the incipient phase of 

silicification.  In other Ogallala silcrete samples, interstitial silica cement composed of 

bands of opal-CT and lussatite typically surrounds detrital quartz grain boundaries as an 

isopachous cement.  These bands of cement occur in the interstices between adjacent 

detrital grains.  This interstitial cement is present in virtually all silcrete samples with 

few exceptions (Appendix).  This situation is likely an indication that interstitial silica 

precipitation was the first stage in silicification. 

     Some research suggests that silicification, early or otherwise, is linked to the overall 

porosity of the rock or sediment that is being silicified.  In discussing the silicification of a 

lacustrine limestone, Thiry (1999) notes that a correlation appeared to exist between 

high porosity zones in the limestone and the presence of silicification.  In contrast, low 

porosity zones in the same limestone occur where silicification appeared to be absent 

(Thiry, 1999).  By comparison, the initial stages of silicification of calcrete (e.g., at Macy 

locality 26) are limited to zones of high porosity; such zones were likely created by 

rootlets.  The Ogallala silcretes that are stratigraphically lower than the silicified 
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calcretes are comprised of sediments that were relatively loose due to the reduced 

presence or absence of microcrystalline calcite.  As a result, more pore space exists 

between adjacent detrital grains, and particularly where adjacent detrital grains were of 

varied size (e.g., within conglomerate). 

Silicification by replacement (an active process) 

     Replacement of microcrystalline calcite by opal-CT is common among the Ogallala 

silicified calcretes.  The replacement process most likely is the second stage of 

silicification.  Microcrystalline calcite is a common constituent in the Ogallala, 

particularly in the upper parts within and below the caprock caliche, where it 

dominates.  The geochemical conditions under which calcite may be replaced by silica 

are well-known and fairly well constrained. 

     In order for microcrystalline calcite to be replaced by silica, the pH and the silica 

saturation levels of the precipitating solution must be sufficient to allow for silica 

precipitation.  The mineral solubility of opal and calcite appear to have an inverse 

relationship around a pH of 9 (Bustillo, 2010; Figure 7.2).  Below a pH of 9, calcite is 

soluble and will tend to stay in solution, while silica will tend to precipitate out of 

solution, given that the minimum silica saturation of the pore fluid is achieved at about 

6 mg/dm3 (Bustillo, 2010; Knauth, 1992).  At a pH above 9, the opposite is true, where 

opal is highly soluble and tends to stay in solution, and calcite will precipitate (Bustillo, 

2010). 



 

Figure 7.1 – Silica paragenetic sequence.
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Figure 7.2 – Solubility relationship of silica and calcite with respect to the pH.  Figure 
from Bustillo (2010).  Silica is represented by solid line, while calcite is represented by 
dotted line.  Roughly over a pH of 9, the dissolved silica load dramatically increases, 
while calcite solubility is constant.  Below a pH of 9, the dissolved silica load remains 
constant, while calcite solubility is increased. 
 

     The mechanism by which the pH of a calcite or opal-precipitating fluid can change is 

important in understanding how the Ogallala silcretes may have formed.  The literature 

regarding how such pH changes may occur in continental environments is scarcer than 

for marine environments.  At least two likely scenarios, however, could result in 

lowering the pH of a solution that is in equilibrium with calcite and allow for the 

replacement of calcite by silica.  These are: 1) increase in the partial pressure of CO2, 

e.g., by the decomposition of organic material or by increased biological activity 
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(Bustillo, 2010; Siever, 1962; Knoll, 1985); and 2) the mixing of saline lake waters with 

meteoric groundwaters (Bustillo, 2010; Nickel, 1982).  The Ogallala silcretes could reflect 

either of these scenarios.  Evidence for biological activity (in the form of root growth 

and organism burrows) occurs throughout the caprock caliche and a Pleistocene lake 

deposit (Spring Creek beds) is in close proximity to the silcrete outcrops. 

Silica precipitation in remaining voids (a passive process) 

     The last stage of silicification in the Ogallala silcretes likely is the precipitation of silica 

in remaining voids.  The typical sequence of silica phase precipitation (toward the center 

of voids) in and around these areas is from opal-CT to lussatite (weakly birefringent 

fibrous opal-CT) to chalcedonic quartz.  A few cases have been identified in the Ogallala 

silcretes where mega-quartz (TTU-AGC-027) and calcite spar (TTU-AGC-044) are two 

additional mineral phases that precipitated last in the sequence, nearest to the center 

of the voids.  The mega-quartz is consistent with the typical silica phase sequence of 

increasing silica crystallinity.  The latter phase is completely counter to the typical silica 

precipitation sequence, and suggests a late change in fluid chemistry. 

     The typical silica phase sequence in and around voids (from opal-CT to chalcedony) 

can be explained by the progressive precipitation of increasingly more crystalline silica 

phases.  This process results from slower crystallization from progressively more diluted 

and impurity-free precipitating fluids.  The sequence ending with mega-quartz is 

consistent with this trend.  Mega-quartz is the most stable of the silica phases 

mentioned, and it is also the silica phase that requires the most impurity-free fluid to 
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precipitate.  Due to its highly crystalline structure, mega-quartz cannot accommodate 

large dissolved ions (as impurities in the fluid) as well as opal-CT, lussatite, or 

chalcedonic quartz. 

     The silica phase sequence terminating with calcite spar represents a case that is 

contrary to the general trend of silicification.  Calcite filling in a void after initial 

silicification indicates a change in water chemistry, particularly the pH of the solution.  A 

pH of greater than 9 must be achieved in order for the calcite to precipitate instead of 

silica.  One possibility is that the precipitation of sparry calcite in the last remaining void 

space occurred when the Ogallala was exhumed by erosion, and the silcretes were 

nearing exposure at the land surface.  As the modern tributaries of the Double 

Mountain Fork of the Brazos River gradually exposed the Ogallala, the water table in the 

aquifer would have dropped and the silcretes went from the phreatic to vadose zone.  

More alkaline solutions may have replaced those initially responsible for silica 

precipitation.  During exhumation, sufficient calcite would have been in solution to 

allow for the precipitation of calcite if the pH had reached the calcite stability region (pH 

> 9). 

Genetic Classification of Ogallala Silcretes 

     Two processes generally are agreed to be responsible for silcrete formation, these fall 

into either pedogenic or non-pedogenic (groundwater, drainage-line, and 

pan/lacustrine).  The Ogallala silcretes exhibit features that could be interpreted as 

either pedogenic or non-pedogenic silcretes. 
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Pedogenic silcrete evidence 

     Pedogenic silcretes, formed by the downward percolation of silica-rich soil waters in 

the vadose zone (Nash and Ullyott, 2007), display features associated with typical soil 

profiles including distinct horizons of eluviation and accumulation.  These silcretes are a 

result of the subsoil accumulation of silica.  Some samples of the Ogallala silcretes 

display features that may be the result of pedogenic processes.  For example, the 

uppermost two beds (out of three beds) at Macy locality 71 (TTU-AGC-029, TTU-AGC-

030, TTU-AGC-032, TTU-AGC-033, TTU-AGC-035, and TTU-AGC-036) and all of the 

samples taken from Macy locality 26 (TTU-AGC-037 through TTU-AGC-039) occur within 

the calcrete zone of the Ogallala caprock caliche.  The top two beds at Macy locality 71 

show extensive silicification by opal-CT and chalcedony in what appears to be areas of 

extensive root growth or organism burrows.  The samples taken from Macy locality 26 

show more limited silicification in what appear to be vertically oriented root molds.  

These areas of biologically-induced features typically are associated with soil 

environments, as roots grow and organisms burrow within active soil mantles. 

     Illuvial clay (accumulated in subsoil void spaces through pedogenic processes) is 

found coating detrital grain boundaries in the Ogallala silcretes.  This clay occurs in a 

variety of silcrete samples (TTU-AGC-023 to TTU-AGC-027 and TTU-AGC-040 to TTU-

AGC-044), some of which are likely not of pedogenic origin.  Although the illuvial clay 

may be of pedogenic origin, the silica cement within these silcretes may not be.  The 

interstitial opal occurs as an isopachous cement indicating that it precipitated in a 
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phreatic water saturated zone.  If the opal had formed in the vadose zone, within a 

pedogenic environment, the opal would have precipitated preferentially at grain to 

grain contacts or in a meniscus or pendant fashion (Morse and Mackenzie, 1990).  But, 

pedogenic illuvial clay has accumulated, uniformly coating grain margins also.  Silica 

cement also is found in areas that were not influenced by pedogenesis (TTU-AGC-023 

and TTU-AGC-024).  Features thought to be indicative of pedogenic silica (e.g., well-

ordered silica phases overlying poorly-ordered phases; Thiry, 1997) are not observed.  

Evidence that the interstitial opal resulted solely from pedogenic processes, therefore, is 

weak. 

Non-Pedogenic silcrete evidence 

     In contrast, the case for a non-pedogenic origin of the Ogallala silcretes is fairly 

strong.  Silcrete from near the base of the Ogallala, particularly those samples with little 

or no microcrystalline calcite and with a detrital texture of either conglomerate or 

sandstone (TTU-AGC-023 to TTU-AGC-027, TTU-AGC-028, TTU-AGC-031, TTU-AGC-034, 

TTU-AGC-040 to TTU-AGC-044), are not of pedogenic origin.  These silcrete beds occur 

well below the original soil surface and lack any obvious pedogenic features such as 

bioturbation or any eluvial and/or illuvial features. 

     The non-pedogenic silcretes could have formed in either the vadose or phreatic zone, 

but some petrographic indicators point to an origin in the phreatic zone.  The interstitial 

opal that is common in the silcrete samples occurs as an isopachous cement 

surrounding detrital grains.  Isopachous coatings are typical of meteoric cements closely 
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associated with fully saturated (phreatic) conditions (Morse and Mackenzie, 1990).  

Where unconsolidated sediment is fully saturated with water, silica precipitating from a 

fluid is able to cement the intergranular pore spaces and voids in an uninterrupted 

fashion.  In pedogenic silcretes (precipitated in the vadose zone), cementation may be 

limited because the sediment is not fully saturated, and the cement cannot precipitate 

where no fluid occurs.  Most of the large voids in the Ogallala silcretes are filled only 

partially, leaving behind empty space.  Even here, the void coating is of relatively 

uniform thickness and does not exhibit geopedal structure.  The limited silica 

precipitation, therefore, likely took place in fully saturated sediment (phreatic zone).  It 

leaves behind an empty void center when the fluid was no longer saturated with enough 

silica in solution to precipitate quartz of any form (less than 6 gm/dm3, Knauth, 1992) or 

following an increase in the pH of the fluid.  It also is possible that so much of the pore 

space had been occluded by silica cementation at that point permeability was reduced.  

Fluid could not replenish the pore volumes from which the silica was derived, ultimately 

diluting the remaining interstitial fluid below the threshold for silica precipitation. 

     Because Ogallala silcretes are limited in their geographic extent, it is unlikely that any 

of them are pedogenic in origin.  The caprock caliche is extensive over the entire 

Southern High Plains, and the pedogenic processes that resulted in formation of the 

caliche were present over the entire region (Reeves and Reeves, 1996).  If silcrete 

formation were related to pedogenesis, then the caprock should be affected by 

silicification over a much broader area.  Instead, silcrete is limited to small areas such as 
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the Garza County study area.  Here, the lower Ogallala sand and gravel as well as the 

upper caprock caliche are affected.  The lower of these siliceous intervals is clearly a 

result of non-pedogenic silica precipitation.  Thus, it seems likely that silicification of the 

upper caprock caliche was a local phenomenon and only incidentally related to the 

process responsible for silica precipitation in the lower Ogallala.  The occurrence of 

multiple stratigraphically superimposed beds of silcrete could record multiple episodes 

of silicification.  For example, if silcrete formation took place at the water table, and 

water table rose or fell in increments over time, multiple silcrete horizons could result. 

Silcrete formation by groundwater and lake water mixing 

     Because it is likely that the silica cement in the silcretes was precipitated in the 

phreatic zone, it is possible that they were formed as a result of mixing of meteoric 

groundwater with lake water derived from the Pleistocene Spring Creek Lake (Figures 

7.3 and 7.4).  The Garza County silcretes are associated spatially with the exhumed 

Spring Creek lake basin.  This setting could have been conducive to simultaneous 

precipitation of silica and dissolution of calcite, accounting for replacement of 

microcrystalline calcite by silica and alternatively the precipitation of calcite over silica 

when conditions were reversed (Bustillo, 2010; Nickel, 1982; Thiry, 1999).  In such cases, 

silica precipitation is governed not only by the pH but also the salinity of the fluid (Thiry, 

1999; Nash and Ullyott, 2007). 

     Two different solutions (e.g., groundwater and lake water), each saturated with 

respect to calcite but with different partial pressures of CO2, when mixed can result in a 
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solution that is undersaturated with respect to calcite (Thrailkill, 1968; Figure 7.5).  A 

calcite undersaturated solution will dissolve calcite until it reaches the saturation point.  

In doing so, CO2 gas will be released that will react with the solution to produce carbonic 

acid (CO2 + H2O = H2CO3).  The carbonic acid can lower the pH of the resultant solution 

until it reaches the silica pH stability region (pH < 9). 

     The salt concentration of a solution, enhanced at times by evaporative processes in a 

lake basin, can have an effect on the solubility of silica.  In the presence of high 

concentrations of NaCl, silica solubility is increased due to increased hydrogen bonding 

with orthosilicic acid in solution, H4SiO4 (Dove and Rimstidt, 1994).  A mixing zone then 

can induce silica precipitation by simultaneously lowering the pH of the solution, 

introducing large amounts of dissolved silica (via saline lake waters), and by diluting the 

NaCl derived from the saline lake water to a negligible factor.  Although no evidence of 

evaporative minerals exists, such as halite, in the Spring Creek lake beds, some modern 

lakes on the Southern High Plains precipitate sodium sulfate, Na2SO4, as mirabilite 

(Garrett, 2001).  The presence of sodium sulfate, a salt compound, in a solution also 

increases silica solubility (Jones and Renaut, 2004; Fournier, 1985), thereby producing 

similar results. 

Possible Silica Sources 

     Because the dominant cement within the Ogallala silcretes is opal-CT, this situation 

suggests that the silica-precipitating fluid was supersaturated with respect to quartz 

(Knauth, 1992).  Fluids with dissolved silica content greater than 80 mg/dm3 but less 
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than 120 mg/dm3 are most likely to precipitate opal-CT.  Continental surface waters are 

said to average about 13 ppm, or 13 mg/dm3 as the two units are essentially equal 

(Blatt, 1979).  This level would not be enough to begin precipitation of opal-CT.  If 

combined with other possible silica sources, opal-CT precipitation could occur. 

     The process of calichification (precipitation of calcium carbonate) of the Ogallala 

caprock must have resulted in the dissolution of silica.  The volume of microcrystalline 

calcite in the caprock caliche greatly exceeds the typical intergranular pore space in 

unconsolidated sediment.  The detrital quartz grains exhibit a floating grain texture.  

Although the process of calichification could have occurred in part by displacive growth 

of calcite, it seems likely that a substantial amount of quartz must have been dissolved 

to allow for the great volume of calcite observed (Reeves, 1976).  It is likely that this 

process supplemented the dissolved silica content of pore fluid already present in the 

Ogallala aquifer.  Furthermore, if mixing of groundwater and saline lake water took 

place, the presence of high dissolved salt content in the lake water would have 

increased the solubility of silica in that water.  This scenario would have provided an 

additional source for dissolved silica, while at the same time lowering the pH of the fluid 

where it mixed with groundwater (Bustillo, 2010; Nickel, 1982). 

     Additional sources of dissolved silica in groundwater may include the dissolution of 

phytoliths (microscopic opal plant structures).  Opal phytoliths would have been 

abundant throughout deposition of the Ogallala Formation and up to recent time 

because the Southern High Plains has been a savanna or grassland environment during 
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the Late Tertiary and Quaternary (Johnson, 1986; Holliday, 1997).  Siliceous grasses 

contain abundant phytoliths (Wilding et al., 1977).  If phytoliths were the dominant 

source of dissolved silica in groundwater, silcretes should be much more widely 

distributed around the Southern High Plains than currently observed. 

     Volcanic ash is known to have been concentrated in the Pleistocene lake basins and 

other areas of groundwater recharge on the Southern High Plains (Cornwell, 1984).  

Most of the lake basins on the Southern High Plains have ash beds that could have 

provided, by devitrification and hydrolysis of glass, a source of silica in solution.  This 

circumstance could account for the highly localized occurrence of silcretes in the 

Ogallala.  The Spring Creek lake deposits, however, are not known to contain any 

discrete ash beds (Reeves, 1963). 

     In summary, much of the evidence indicates that Ogallala silcretes that occur in the 

study area (silicified calcrete and silcrete) are probably of non-pedogenic origin.  The 

localized occurrence and spatial association of silcretes with the Spring Creek lake basin 

suggests that the two may be related.  The stable oxygen isotopic analyses conducted 

on some of the Ogallala silcretes (TTU-AGC-030, TTU-AGC-032, and TTU-AGC-033), 

indicate that the temperature at which the silcrete opal-CT precipitated was 2 to 17˚C.  

This temperature range is compatible with near-surface and groundwater conditions on 

the Southern High Plains.  Mixing of groundwater with saline lake water could have 

provided the source of silica in solution and the conditions for silica to precipitate. 
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Figure 7.3 – Conceptual cross-section model of lake water mixing with groundwater in the Ogallala Formation.  
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Figure 7.4 – Conceptual planview of lake water mixing with groundwater and down 
gradient plume. 
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Figure 7.5 – Calcite saturation curve with respect to the partial pressure of CO2.  Figure 
is modified from Thrailkill (1968).  Any two points lying on the saturation curve (e.g., 6 
and 4) represent two different solutions that are saturated with respect to calcite, each 
with a different partial pressure of CO2.  A mixing line is represented by drawing a tie 
line (dotted line) from each point.  Due to of the shape of the saturation curve, any 
mixing line resulting from two solutions will result in undersaturation of the resultant 
mixture with respect to calcite. 
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Chapter VIII 

Summary and Conclusions 

     The Ogallala silcretes of Garza County, Texas provide a reasonably well-constrained 

example of silica cementation in a recent low-temperature geologic setting.  Exposed at 

four different outcrops in the study area (Macy localities 70, 71, 26, and 43), silcretes 

occur throughout the Ogallala Formation, including the basal conglomerate, sandstone, 

and the caprock caliche zones.  Due to the varied distribution of these siliceous intervals 

throughout the Ogallala Formation, the silcretes are either termed silicified calcrete, for 

those that occur in the caprock caliche zone, or silcrete, for those that occur in the 

sandstone and conglomerate intervals. 

     Petrographic investigation indicates that the paragenetic sequence for silica 

cementation in the Ogallala silcretes was: 1) silica precipitation within intergranular 

pore spaces; 2) silicification by replacement of microcrystalline calcite (silicified 

calcretes); and 3) silica precipitation within remaining voids.  The sequence of silica 

precipitation was from opal-CT to lussatite to chalcedony to mega-quartz.  X-ray 

diffraction and stable oxygen isotopic analyses conducted on the silcrete opal reveals: 1) 

silcrete opal is composed of opal-CT or lussatite, a fibrous form of opal that displays 

weak birefringence; and 2) silcrete opal likely formed at temperatures ranging from 2˚ 

to 17˚C.  The dominant silica phase (i.e., opal-CT) indicates that the precipitating fluid 

was supersaturated with dissolved quartz, between 80 and 120 mg/dm3. 
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     The Ogallala silcretes likely formed through non-pedogenic processes, specifically 

through the mixing of groundwater and lake water.  Petrographic evidence indicated a 

pedogenic influence (illuvial clay cutans) on silcrete.  The vast extent of the caprock 

caliche and the sporadic occurrence of silcrete on the Southern High Plains, however, 

suggested that another influence asserted a more dominant control on the formation of 

silcrete.  The fluid resulting from groundwater and lake water mixing and the process of 

calichification in the caprock caliche likely produced an environment that was conducive 

to the precipitation of opal-CT (i.e., fluids supersaturated with respect to quartz).  The 

timing of Ogallala silcrete formation, then, may be constrained to the mid-Pleistocene 

Epoch (Kansan stage) when the Spring Creek lake basin held water (Reeves, 1966).  The 

multiple stratigraphically superimposed silcrete beds may reflect incremental drops in 

the water table surrounding the Spring Creek lake basin over time. 
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Appendix 

Thin Section Data 

 

Table A.1 – Thin section data for Ogallala silcrete samples. 
Sample 

ID 
Interstitial Pore-filling Replacement 

Void-linings and 

Void-fillings 

Fabric 

Classification 
% Silicification Classification 

Calcite/Silica 

ratio 

TTU-
AGC-023 

x 

Isotropic opal 
interupted by 
threads of α-

tridymite. 

Replacement of 
calcite by silica by 
direct observation 
- minor calcite is 
partially replaced 
by silica; Indirect 
evidence - green 
blebs ubiquitous. 

x 

Smale (1973) : 
Terrazzo*;  

Summerfield 
(1983) : F-fabric 

Silica - 69.7%           
Detrital grains - 
30.3%  
Micrite - 0.0%            

Voids - 0.0% 

silcrete 0.00 
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Sample 

ID 
Interstitial Pore-filling Replacement 

Void-linings and 

Void-fillings 

Fabric 

Classification 
% Silicification Classification 

Calcite/Silica 

ratio 

TTU-
AGC-024 

(gravel) 

Several 
generations of 

isotropic to weakly 
birefringent 
banded opal 
around grain 
boundaries; 

birefringence is 
toward center of 

interstices. 

x 

Direct observation 
of pseudomorphic 

calicte 
replacement by 

opal. 

opal →opal-CT → 
length-fast chalcedony 

void-fill sequence 

Smale (1973) : 
Conglomeritic ;  

Summerfield 
(1983) : C-fabric 

Silica - 36.7%           
Detrital grains - 
61.7%  
Micrite - 0.3%            
Voids - 1.3% 

silcrete 0.01 

TTU-
AGC-024   

(sand) 

usually one 
prominent band of 

isotropic opal in 
interstices, 

surrounding 
multiple grain 

margins;  when 
more than one 
band, there is a 

gradation to 
weakly 

birefringent opal 
toward the center 

of interstices; 
grades into void-
lining and void-
filling cements. 

some areas of 
isotropic opal 
interrupted by 
threads of α-
tridymite (?). 

indirect evidence 
of some calcite 
replacement by 

silica (green blebs) 

related to interstitial 
opal;  grades from 

isotropic opal interstitial 
cement to weakly-

birefringent opal void-
lining cement.  Voids are 

either open, or are 
partially filled by silica;  

when present, void-fill is 
composed of 

chalcedony (length-fast 
and length-slow 

varieties). 

Smale (1973) : 
Terrazzo*;  

Summerfield 
(1983) : F-fabric 

with areas of 
localized GS-
fabric (may 
indicate a 

detrital grain 
displacement 

via cementation 
process) 

Silica - 44.0%           
Detrital grains - 
54.3%  
Micrite - 1.7%            
Voids - 0.0% 

silcrete 0.04 
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Sample 

ID 
Interstitial Pore-filling Replacement 

Void-linings and 

Void-fillings 

Fabric 

Classification 
% Silicification Classification 

Calcite/Silica 

ratio 

TTU-
AGC-025 

minor, usually one 
prominent band of 

weakly 
birefringent opal 

surrounding some 
grain boundaries. 

some areas of 
isotropic opal 

to weakly 
birefringent 

opal near voids. 

indirect evidence 
of some calcite 
replacement by 

silica (green blebs) 

related to some pore-
filling cement;  grades 

from isotropic opal 
cement to weakly-

birefringent opal void-
lining cement.  Voids are 

either open, or are 
partially filled by silica;  

when present, void-
filling is composed of 

chalcedony (length-fast 
and length-slow 

varieties). 

Smale (1973) : 
Terrazzo*;  

Summerfield 
(1983) : F-fabric 

with areas of 
localized GS-
fabric (may 
indicate a 

detrital grain 
displacement 

via cementation 
process) 

Silica - 50.3%           
Detrital grains - 
49.3%  
Micrite - 0.0%            
Voids - 0.4% 

silcrete 0.00 

TTU-
AGC-026 

Several 
generations of 

isotropic to weakly 
birefringent 

banded opal; 
birefringence is 

toward center of 
interstices. 

see void-linings 

indirect evidence 
of some calcite 
replacement by 

silica (green blebs) 

Void-linings are 
composed of weakly 
birefringent opal (in 
some cases, highly 

birefringent).  Many 
void unfilled; some 

voids have partial fill by 
chalcedonic quartz. 

Smale (1973) : 
Terrazzo*;  

Summerfield 
(1983) : F-fabric 

with areas of 
localized GS-
fabric (may 
indicate a 

detrital grain 
displacement 

via cementation 
process) 

Silica - 49.0%           
Detrital grains - 
49.3%  
Micrite - 0.0%            
Voids - 1.7% 

silcrete 0.00 
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Sample 

ID 
Interstitial Pore-filling Replacement 

Void-linings and 

Void-fillings 

Fabric 

Classification 
% Silicification Classification 

Calcite/Silica 

ratio 

TTU-
AGC-027 

Isotropic opal 
surrounding 

grains. 
  

indirect evidence 
of some calcite 
replacement by 

silica (green blebs) 

complete sequence 
from opal to opal-ct to 

chalcedony to mega 
quartz found in one 

void;  frequent multiple 
bands of birefringent 

opal comprise the void-
lining, while chalcedonic 
quartz (length-fast and 
length-slow varieties) 

partially (frequently) fills 
the rest of the void. 

Smale (1973) : 
Terrazzo*;  

Summerfield 
(1983) : F-fabric 

with areas of 
localized GS-
fabric (may 
indicate a 

detrital grain 
displacement 

via cementation 
process) 

Silica - 52.0%           
Detrital grains - 
45.3%  
Micrite - 0.0%            
Voids - 2.7% 

silcrete 0.00 

TTU-
AGC-028 

multiple 
generations of 
isotropic opal 

surrounding grain 
boundaries;  some 

isotropic opal 
bands surround 
several detrital 
grains;  grades 
into void-lining 
cement toward 

center of 
interstices. 

areas of 
istotropic opal 
precipitation 

located in 
otherwise 

micrite rich 
areas;  these 

opal areas tend 
to be elongated 

in shape. 

direct observation 
: partial 

recrystalllization of 
calcite to opal 

(giving opal a false 
birefringence). 

void-lining cement is 
composed of very 
weakly to weakly 

birefringent opal;  voids 
are commonly open, but 

voids that filled are 
composed of 

chalcedony (length-fast 
variety). 

Smale (1973) : 
Conglomeritic ;  

Summerfield 
(1983) : C-fabric 

Silica - 22.3%           
Detrital grains - 
62.0%  
Micrite - 13.7%            
Voids - 2.0% 

silcrete 0.61 
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Sample 

ID 
Interstitial Pore-filling Replacement 

Void-linings and 

Void-fillings 

Fabric 

Classification 
% Silicification Classification 

Calcite/Silica 

ratio 

TTU-
AGC-029 

one prominent 
band of isotropic 

opal. 

many 
"channels" of 
isotropic to 

weakly 
birefringent 

opal 
precipitation in 

micrite-rich 
areas;  grades 

into void-lining 
cement 

because these 
"channels" are 

very thin. 

direct observation:   
some 

pseudomorphic 
micrite 

replacement by 
opal;  indirect 

evidence : green 
blebs abundant 

throughout 
silicified zones 

(except pore-filling 
"channel" zones) 

void-lining cement is 
composed of weakly to 

strongly birefringent 
opal;  voids are 

commonly filled by 
chalcedony (length-fast 

variety) 

Smale (1973) : 
Terrazzo*; 

Summerfield 
(1983) : F-fabric 

with seldom 
localized areas 

of GS-fabric 

Silica - 56.3%           
Detrital grains - 
26.0%  
Micrite - 16.7%            
Voids - 1.0% 

Silicified 
calcrete 0.30 

TTU-
AGC-030 

* 

throughout entire 
sample (including 
large opal vug), 

detrital grains are 
surrounded by at 
least one band of 

isotropic to weakly 
birefringent opal. 

in micritic 
sandstone 

areas, more 
isotropic opal 

areas;  possibly 
in large opal 
vug, if one 

considers that 
the vug itself 
was an open 
space (not 

likely) 

indirect evidence 
of some calcite 
replacement by 

silica (green blebs) 

void-lining cement is 
typically composed of 

weakly birefringent 
opal;  all voids are filled 
by chalcedony (length-

fast variety). 

Smale (1973) : 
Albertinia to 
Opaline and 
Fine-grained 

Massive in large 
opal vug; 

Terrazzo* in 
micritic 

sandstone 
areas.  

Summerfield 
(1983) : M-

fabric in large 
opal vug; F-

fabric in micritic 
sandstone 

areas. 

Silica - 82.6%           
Detrital grains - 
8.7%  
Micrite - 8.7%            
Voids - 0.0% 

Silicified 
calcrete 0.11 
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Sample 

ID 
Interstitial Pore-filling Replacement 

Void-linings and 

Void-fillings 

Fabric 

Classification 
% Silicification Classification 

Calcite/Silica 

ratio 

TTU-
AGC-031 

at least one 
prominent band of 
isotropic to weakly 
birefringent opal 
surrounding grain 

boundaries;  
multiple 

generations of 
isotropic to weakly 
birefringent opal 

bands toward 
centers of 
interstices. 

in micrite-rich 
areas only, 
there are 

elongated areas 
filled by 

isotropic opal 

silicification of 
some fossils;  some 

detrital calcite 
looks eaten away 

at its fringes;  
silicification of 
original micrite 

observed - in these 
areas, silica 

appears to have 
replaced micrite 

pseudomorphically 
and is starkly 

different in color 
(much less 

isotropic than 
surrounding opal);  

these 
pseudomorphic 

replaced areas also 
have abundant 

green blebs 
(micrite);  also in 

these areas of 
pseudomorphic 

replacement, void-
linings and void-

fillings are obvious 

void-lining cements are 
composed of weakly 

birefringent opal;  most 
voids are filled by 

chalcedony (length-fast 
variety) and chert;  
chalcedony has a 

different texture than is 
normally seen in most 

other samples (radiating 
splays). 

Smale (1973) : 
Conglomeritic ;  

Summerfield 
(1983) : C-fabric 

Silica - 50.5%           
Detrital grains - 
33.4%  
Micrite - 14.1%            
Voids - 2.0% 

silcrete 0.28 
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Sample 

ID 
Interstitial Pore-filling Replacement 

Void-linings and 

Void-fillings 

Fabric 

Classification 
% Silicification Classification 

Calcite/Silica 

ratio 

TTU-
AGC-032 

* 

at least one band 
of isotropic to 

weakly 
birefringent opal 
surrounding grain 

boundaries. 

large opal vein 
(isotropic to 

weakly 
birefringent);  

opal 
"lepispheres" of 
weak to strong 
birefringence 
occur in the 

large opal vein. 

in the micrite-rich 
areas, silicification 
appears to break 
micrite up into 

clots;  replacement 
texture is 

pseudomorphic 
(after micrite);  

indirect evidence 
of replacement are 
ubiquitous green 

blebs. 

void-linings in opal vein 
are very nearly isotropic 

opal, as opposed to 
void-linings in replaced 

area where they are 
weakly to strongly 

birefringent;  voids in 
the large opal vein are 

filled by chalcedony 
(length-slow and length-

fast varieties);  void-
fillings in replaced areas 
have same odd texture 
as those seen sample -

031, not radiating fibers 
from a central 

nucleation site. 

Smale (1973) : 
Opaline and 
Fine-Grained 

Massive (in opal 
vein) to 

Terrazzo* 
(outside opal 

vein);  
Summerfield 
(1983) : M-

fabric (in opal 
vein) to F-fabric 

(outside opal 
vein) 

Silica - 70.0%           
Detrital grains - 
10.7%  
Micrite - 15.3%            
Voids - 4.0% 

Silicified 
calcrete 0.22 

TTU-
AGC-033 

* 

several 
generations of 

isotropic to weakly 
birefringent opal 
surrounding grain 

boundaries. 

large opal vein 
(isotropic to 

weakly 
birefringent);  

elongated areas 
composed of 
isotropic opal 

and chalcedony 
(either 

replacing 
former opal or 
filling void left 
over by opal 

cementation). 

in micrite-rich 
areas, areas of 

opal silicification 
that are discolored 

from the normal 
isotropic opal;  

indirect evidence, 
in these same 

areas, green blebs 
are ubiquitous. 

void-linings in the large 
opal vein are very nearly 

isotropic opal;  void-
fillings are composed of 
massive chalcedony fill 
(length-slow variety). 

Smale (1973) : 
Terrazzo* to 
Opaline and 
Fine-grained 
Massive (in 

large opal vein);  
Summerfield 

(1983) : F-fabric 
to M-fabric (in 

opal vein) 

Silica - 84.4%           
Detrital grains - 
3.3%  
Micrite - 12.0%            
Voids - 0.3% 

Silicified 
calcrete 0.14 



Texas Tech University, Zaneta L. McCoy, August 2011 

144 
 

Sample 

ID 
Interstitial Pore-filling Replacement 

Void-linings and 

Void-fillings 

Fabric 

Classification 
% Silicification Classification 

Calcite/Silica 

ratio 

TTU-
AGC-034 

at least one 
prominent band 

(sometimes more) 
of isotropic to very 

weakly 
birefringent opal 

along grain 
boundaries 

in micrite-rich 
areas only, 
there are 

elongated areas 
filled by bands 
of isotropic to 
very weakly 
birefringent 

opal 

silicification of 
some fossils;  some 

detrital calcite 
looks eaten away 

at its fringes;  
silicification of 
original micrite 

observed - in these 
areas, silica 

appears to have 
replaced micrite 

pseudomorphically 
and is starkly 

different in color 
(much less 

isotropic than 
surrounding opal);  

these 
pseudomorphic 

replaced areas also 
have abundant 

green blebs 
(micrite);  also in 

these areas of 
pseudomorphic 

replacement, void-
linings and void-

fillings are obvious 

void-linings are 
composed of weakly to 

strongly birefringent 
opal-CT;  many voids are 
open or are partially to 

wholly filled by 
chalcedony (length-fast 

variety) 

Smale (1973) : 
Conglomeritic ;  

Summerfield 
(1983) : C-fabric 

Silica - 40.3%           
Detrital grains - 
38.7%  
Micrite - 17.3%            
Voids - 3.7% 

silcrete 0.43 
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Sample 

ID 
Interstitial Pore-filling Replacement 

Void-linings and 

Void-fillings 

Fabric 

Classification 
% Silicification Classification 

Calcite/Silica 

ratio 

TTU-
AGC-035 

some isotropic to 
weakly 

birefringent opal 
surrounding grain 

boundaries;  
grades into void-

lining cement near 
voids. 

elongated 
isotropic opal 

areas in 
micrite-rich 

areas;  opal in 
these areas 
sometimes 

takes the form 
of 

"lepispheres";  
toward voids, 

the opal 
becomes 
banded. 

some 
pseudomorphic 
replacement of 
micrite by opal 
(like previous 

samples) 

void-linings display 
weak to strong 

birefringence (opal);  
void-fillings are typically 

composed of 
chalcedony (length-fast 
variety);  many voids are 

open. 

Smale (1973) : 
Terrazzo* to 

Conglomeritic;  
Summerfield 

(1983) : F- to C-
fabric 

Silica - 39.0%           
Detrital grains - 
27.3%  
Micrite - 30.7%            
Voids - 3.0% 

Silicified 
calcrete 0.79 

TTU-
AGC-036 

minor opal 
(isotropic to 

weakly 
birefringent) 

surrounding grain 
boundaries;  more 

prominent in 
areas that have 
been cemented 
via pore-filling. 

elongated areas 
of isotropic 
opal in an 
othewise 
micritic 

sandstone 

indirect evidence 
of some calcite 
replacement by 

silica (green blebs) 

void-lining cement is 
composed of weakly to 

strongly birefringent 
opal, usually as one very 
thick band;  these thick 

bands of void-lining 
cement are sometimes 
so thick that they close 

the void almost entirely, 
leaving only a seam;  
voids are commonly 
filled by chalcedony 
(length-fast variety) 

Smale (1973) : 
Terrazzo* ; 

Summerfield 
(1983) : F- to 

GS-fabric 
(locally) 

Silica - 37.7%           
Detrital grains - 
40.7%  
Micrite - 21.7%            
Voids - 0.0% 

Silicified 
calcrete 0.58 
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Sample 

ID 
Interstitial Pore-filling Replacement 

Void-linings and 

Void-fillings 

Fabric 

Classification 
% Silicification Classification 

Calcite/Silica 

ratio 

TTU-
AGC-037 

some isotropic 
opal, but only in 
areas of pore-fill 

by opal. 

isotropic opal 
filling in 

"pores";  can 
grade into void-

lining cement 
when "pores" 

are thin. 

x 

void-lining cement 
consists of at least one 

very thick band of 
weakly to strongly 

birefringent opal;  these 
bands can be so thick, 
so that they fill in the 

void almost completely, 
leaving only a seam;  
void-filling cement 

appears to be absent, as 
most voids are either 
open or are closed by 

the void-lining cement. 

Smale (1973) : 
Terrazzo*;  

Summerfield 
(1983) : GS-

fabric 

Silica - 6.0%             
Detrital grains - 
51.3%  
Micrite - 40.7%            
Voids - 2.0% 

Silicified 
calcrete 6.78 

TTU-
AGC-038 

some isotropic to 
weakly 

birefringent opal 
in areas of pore-

fill. 

isotropic opal 
pore-fill;  it can 
grade into void-
lining cement;  
in few areas, 
the isotropic 

opal has 
partially 

crystallized to 
what looks to 
be chalcedony 

(see slide -
038b). 

x 

void-lining cement 
consists of at least one 

very thick band of 
weakly to strongly 

birefringent opal;  these 
bands can be so thick, 
so that they fill in the 

void almost completely, 
leaving only a seam;  
void-filling cement 

appears to be absent, as 
most voids are either 
open or are closed by 

the void-lining cement. 

Smale (1973) : 
Terrazzo*;  

Summerfield 
(1983) : GS-

fabric 

Silica - 19.1%           
Detrital grains - 
45.6%  
Micrite - 35.3%            
Voids - 0.0% 

Silicified 
calcrete 1.85 
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Sample 

ID 
Interstitial Pore-filling Replacement 

Void-linings and 

Void-fillings 

Fabric 

Classification 
% Silicification Classification 

Calcite/Silica 

ratio 

TTU-
AGC-039 

some isotropic to 
weakly 

birefringent opal 
in and near areas 

of pore-fill. 

very elongated 
areas of 

isotropic opal;  
in some areas, 
it appears that 

the opal has 
started to 

recrystallize to 
chalcedony. 

possible - green 
blebs abundant in 

silicified zones 

void-lining cement 
consists of at least one 

very thick band of 
weakly to strongly 

birefringent opal;  these 
bands can be so thick, 
so that they fill in the 

void almost completely, 
leaving only a seam;  
void-filling cement 

appears to be absent, as 
most voids are either 
open or are closed by 

the void-lining cement. 

Smale (1973) : 
Terrazzo*;  

Summerfield 
(1983) : GS-

fabric 

Silica - 27.7%           
Detrital grains - 
37.0%  
Micrite - 34.3%            
Voids - 1.0% 

Silicified 
calcrete 1.24 

TTU-
AGC-040 

bands of isotropic 
to weakly 

birefringent opal 
surrounding grain 
boundaries;  can 
grade into void-

lining cement 
where voids are 

nearby. 

pore-filling 
cement is 
evident 
through 

isotropic opal 
precipitated in 
between clay 

clots; 

probable - matrix 
is so muddled with 

green blebs and 
clay clots that 

matrix is messy 
and hard to 

identify. 

void-linings are 
composed of very 
weakly to weakly 

birefringent opal;  void-
fillings appear to be 

absent. 

Smale (1973) : 
Terrazzo*;  

Summerfield 
(1983) : GS-

fabric 

Silica - 55.3%           
Detrital grains - 
43.3%  
Micrite - 0.0%            
Voids - 1.4% 

silcrete 0.00 

TTU-
AGC-041 

multiple bands of 
isotropic to weakly 
birefringent opal;  
grades into void-

lining cement near 
voids. 

x 

probable - siliceous 
matrix has a 

texture probably 
from the result of 

opal 
recrystallization to 

chalcedony;  
indirect evidence 

include green 
blebs. 

void-linings are 
composed of weakly 

birefringent opal;  many 
voids are open, though 
some are partially filled 
by chalcedony (length-

fast variety). 

Smale (1973) : 
Terrazzo*;  

Summerfield 
(1983) : GS-

fabric 

Silica - 49.3%           
Detrital grains - 
50.3%  
Micrite - 0.0%            
Voids - 0.4% 

silcrete 0.00 
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Sample 

ID 
Interstitial Pore-filling Replacement 

Void-linings and 

Void-fillings 

Fabric 

Classification 
% Silicification Classification 

Calcite/Silica 

ratio 

TTU-
AGC-042 

x 

areas of 
isotropic opal 
fill, evident by 

the stark 
contrast in 

other siliceous 
matrix. 

siliceous (opaline)  
matrix appears to 

have crystallized to 
a more crystalline 

phases 
(chalcedony);  

indirect evidence 
of replacement are 
ubiquitous green 

blebs. 

void-lining cement 
appears to be 

composed of a thick 
band of  weakly 

birefringent opal;  in 
places the band of opal 
has closed up the void;  
voids are usually open, 

with no filling. 

Smale (1973) : 
Terrazzo*;  

Summerfield 
(1983) : F-fabric 
to localized GS-

fabric. 

Silica - 49.3%           
Detrital grains - 
50.3%  
Micrite - 0.0%            
Voids - 0.4% 

silcrete 0.00 

TTU-
AGC-043 

x 

areas of 
isotropic opal 
fill, evident by 

the stark 
contrast in 

other siliceous 
matrix. 

siliceous (opaline)  
matrix appears to 

have crystallized to 
a more crystalline 

phases 
(chalcedony);  

indirect evidence 
of replacement are 
ubiquitous green 

blebs. 

void-lining cement 
appears to be 

composed of a thick 
band of  weakly 

birefringent opal;  in 
places the band of opal 
has closed up the void;  
voids are usually open, 

with no filling. 

Smale (1973) : 
Terrazzo*;  

Summerfield 
(1983) : F-fabric 
to localized GS-

fabric. 

Silica - 51.7%           
Detrital grains - 
47.3%  
Micrite - 0.0%            
Voids - 1.0% 

silcrete 0.00 

TTU-
AGC-044 

at least one band 
of isotropic to 

weakly 
birefringent opal 
surrounding grain 

boundaries;  
grades into void-

lining cement near 
voids. 

areas of 
isotropic opal 
fill, evident by 

the stark 
contrast in 

other siliceous 
matrix. 

siliceous matrix is 
less muddled than 
samples -042 and -

043 but still 
appears to have 

recrystallized to a 
more crystalline 
phase of silica 

void-lining is composed 
of at least one band of 

weakly birefringent 
opal;  void-fill is 

composed of partial to 
whole fill by chalcedony 

(length-fast variety) 

Smale (1973) : 
Terrazzo*;  

Summerfield 
(1983) : GS-

fabric 

Silica - 49.3%           
Detrital grains - 
50.3%  
Micrite - 0.0%            
Voids - 0.4% 

silcrete 0.00 

 


