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CHAPTER I 

INTRODUCTION 

Statement of Problem and Objectives 

Although numerous reports of occurrences of silica 

within the Ogallala Formation have been published (Swinford 

and Frank, 1959; Reeves, 1972; Brown, 1956; Gile, 1961; 

Gile, Peterson and Grossman, 1959; Frye and Swinford, 1946; 

Frye, Leonard and Swinford, 1956) no detailed investigations 

of mineralogy and petrography have been conducted. No 

previous attempts have been made to reconstruct the para

genesis of these siliceous deposits. Concentrations of 

selected minor elements (Na, K, Ba) within silicified 

intervals will be determined. An effort will be made to 

explain origins of silica precipitated within the study area 

Location 

Core samples in this study were collected by the United 

States Geological Survey (U.S.G.S.) Hydrological Laboratory 

in Lubbock, Texas, from localities in Lubbock (Airport and 

Wolfforth sites) and Terry (Liles site) Counties, Texas 

(Fig. 21). 

The Airport core was collected at the U.S.G.S. spread

ing site at the Lubbock airport locality. The Dunlop core 

was collected at the Dunlop well recharge site near Wolf-

forth, Texas. The Liles core was collected near Meadow, 
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Texas, where the U.S.G.S. is presently developing a spread

ing site. 

Geologic Setting 

The area of investigation is situated near the eastern 

edge of the Llano Estacado. 

The Llano Estacado is the southern most extension of 

the Great Plains in West Texas and adjoining eastern New 

Mexico (Brown, 1956). The Llano Estacado represents an 

isolated 30,000 square mile remnant of the Rocky Mountain 

piedmont plain located south of the Canadian River and east 

of the Pecos River in eastern New Mexico and West Texas 

(Reeves, 1972). 

The Southern High Plains is underlain by the Ogallala 

Formation consisting of Miocene and Pliocene alluvial 

debris originating from the mountains of northern and 

central New Mexico (Reeves, 1972). 

The Ogallala consists of two units, the Couch Formation 

of late Miocene and early Pliocene age and the Bridwell 

Formation of upper Pliocene age (Evans, 1949). Both the 

Bridwell and Couch formations consist of alluvial deposits 

of permeable sand and gravel and silt and clay. The Brid

well Formation unconformably overlies the Couch formation 

and an unconformity separates the Couch formation from 

subjacent Cretaceous and Triassic formations. 

Soils in the Ogallala interval are considered a 



product of long-continued deposition in an eolian aggrading 

profile (Brown, 1956). \ 

Previous Work 

Two distinct types of opal from the Ogallala Formation 

in western Kansas have been reported by Swinford and Franks 

(1959): amorphous type opal derived from plants and diatoms, 

and a low-cristobalite-tridymite type derived from leaching 

of Pleistocene volcanic ash and dissolution of quartz by 

soil-forming processes. 

Large quantities of quartzite or silicified sand and 

gravel occur in north-central and northwestern Kansas. 

Opal within this area is believed to have been derived from 

hydration and leaching of volcanic ash (Frye and Swinford, 

1946; Frye, Leonard and Swinford, 1956). Opal associated 

with the development of caliche has been reported by Reeves, 

(1972), Brown (1956), Gile (1961), Gile, Peterson and 

Grossman (1956) . 

First proof of the crystallinity of opal was established 

by Levin and Ott (1932) by means of x-ray diffraction. 

Correns and Nagelschmidt (1933), using x-ray diffraction, 

postulated that chalcedony was a mixture of quartz crystal

lites and opal. 

Folk and Weaver (1952) by using the electron micro

scope found no evidence of the fibrous character of 

chalcedony, only a more or less spongy surface of submicro-



scopic cavities. Refractive index and density were shown to 

vary in proportion to the abundance of cavities. No x-ray 

pattern of cristobalite was revealed, and only a character

istic quartz peak was detected. 

Buerger (1954) suggested that the stability of tridy

mite and cristobalite at low-temperature environments is 

caused by the introduction of foreign ions (alkali and 

alkali earths) into the basic high-temperature form during 

its crystallization. 

In experimenting with pure silica at atmospheric 

pressure in a non-reducing atmosphere, Florke (1964) found 

that the introduction of foreign ions (.1 percent approxi

mately) was required to produce tridymite crystals. Linked 

dendritic twinned aggregates with holes were formed at the 

expense of the original low-cristobalite. Florke (1955) 

describes the internal ordering of crystallinity of opals 

as a crystalline lattice of low-cristobalite or low-tridy-

mite with varying degrees of disorder. 

Pelto (1956) accounts for differences in refractive 

index, density and water content of chalcedony. The study 

is based on optical anomalies attributed to strain which 

occurs near boundaries between two crystalline structures. 

White and Corwin (1961) experimented with the synthesis 

of chalcedony and found that chalcedony was not directly 

precipitated from solution but formed rapidly only by 

transformation of silica glass or cristobalite in slightly 



alkaline solutions. In pure water or very dilute acids no 

reaction took place. 

From x-ray diffraction and differential analysis, 

Midgley (1951) inferred that chalcedony contained only a 

quartz network with a large number of micropores. No 

identifiable patterns of cristobalite were found, but he 

did not rule out entirely the presence of opal. 

Mason (1962) states "...occurrence of a high-tempera

ture polymorph at ordinary temperature is not necessarily 

to be interpreted as indicating metastability; the poly

morph may be simply a stable, impure form." The crystal 

morphology of low-tridymite is uncertain due to its 

disordered structure (Frondel, 1961). 

Swinford and Franks (1959) described a low-cristobalite 

and tridymite type of opal from the Kimball Member of the 

Ogallala Formation. 

Folk and Pittman (1971) developed a hypothesis to 

explain length-slow chalcedony by replacement in a sulfate 

environment, and length-fast chalcedony by precipitation in 

voids. In describing silicates of South Africa and Austra

lia, Smale (1973) suggested that quartzine (length-slow 

variety of chalcedony) may form from recrystallization of 

^.ussatite. 

Methods of Study 

A general minor element distribution in the Dunlop 
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core was established by atomic absorption analysis. Thirty 

selected samples were analyzed from depth intervals listed 

in Table 1. 

All standards were prepared to a 1000 ppm stock solu

tion from which dilutions could be made to prepare working 

curves for the various standards. Weight of standard 

chemicals to produce a 1000 ppm solution and amount of 

acid necessary for decomposition are listed in Table 2. 

Standards were prepared as follows: 

1. Weigh an excess weight of the standard to be 

used. 

2. Place in oven and dry at 110° C for four hours. 

3. Remove and place in dessicator until the 

standard has cooled. 

4. Weigh the appropriate weight of the standard 

(Table 2). 

5. Decompose the standard. 

6. Prepare standards in graduated amounts in 

the appropriate range. For best results, 

standards should be prepared fresh each 

time an analysis is to be made and dis

carded after use. 

All samples to be utilized were prepared in the follow

ing manner: 

1. Grind samples (Table 2) to pass through a 

200 mesh screen. 



2. Place samples (must exceed 1 g in weight) in 

oven at 110° C for 4 hours. 

3. Place samples in dessicator to cool. 

4. Weigh 1.000 g of sample and place in poly

ethylene (100 ml) beaker. 

5. Add 20 ml HCl (swirl to complete efferves

cing). Do this twice for a given sample. 

6. Allow to set for 4 hours, then filtrate to 

remove insoluble particles and wash tho

roughly with distilled water. 

7. Transfer filtrate into a 1000 ml flask. 

8. Add enough acid as necessary to arrive at 

same concentration as used in the standard. 

9. Dilute to volume. 

Samples of silica polymorphs, occurring as void fill 

and as replacement of carbonate matrix (caliche), were thin 

sectioned for petrographic analysis. 

An attempt was made to isolate the crystalline sub

stances for single crystal x-ray photographs to determine 

precisely the crystalline nature of the substance. This 

was not achieved, due primarily to the fibrous nature of the 

crystals, crystal size, and random dispersal of crystals 

within silicified matrix. 

Elemental analysis of Ba, Na and Sr of silica in four 

vugs, using a scanning electron microscope coupled with 

elemental x-ray analysis, were prepared by the U.S.G.S. 
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Hydrological Laboratory in Lubbock, Texas. However, 

detection of the elements noted above were below the limits 

of detectability of the system used. 

Mineralogy was determined by x-ray diffraction from 

30 selected intervals using a Phillips Norelco x-ray 

diffractometer and by the study of thin sections under the 

polarizing microscope. 

Scanning electron microscope and thin-section photo

micrographs were used to illustrate and document textural 

and mineralogic relationships. 



CHAPTER II 

MINERALOGY, PETROGRAPHY AND MINOR ELEMENT 

DISTRIBUTION IN SILICA POLYMORPHS 

Mineralogy 

Mineralogy of the Dunlop core was determined by studying 

thin sections and x-ray data at selected intervals within 

the core (Table 1). X-ray diffraction data revealed reflec

tions of quartz, cristobalite, tridymite, carbonate, clay 

and detectable amounts of feldspar. 

Analyses of quartz to carbonate ratios, both by HCl 

digestion and x-ray diffraction procedures, reflects the 

progressive downward accumulation of carbonate in well-

cemented caliche zones (Table 3). Well-developed caliche 

zones exhibit silicification which increases progressively 

with maturity (Reeves, 1970). The following silica poly

morphs were identified in silicified caliche zones by thin 

section analysis: opal, lussatite, quartzine, chalcedonite, 

tridymite and megaquartz. 

The opaline material originally was deposited as a 

crust, lining cavity walls of vugs and solution channels 

and as a replacement of carbonate matrix. Eighty percent 

of the opaline material of the Dunlop core has undergone 

progressive crystallization. 

Early investigators have established through x-ray 
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diffraction studies that opaline material possesses 

varying degrees of crystallinity. Florke (1955) describes 

the internal ordering of crystallinity of opaline material 

as a crystalline lattice of low-cristobalite or low-tridy-

mite, with varying degrees of disorder due to the introduc

tion of foreign ions during crystallization. Millot (1970) 

suggests that the minute size of the crystallites constitut

ing the opaline material is a reflection of its disordered 

structure. This disordered structure is caused by associa

tion of opaline material with water and foreign cations. 

Two main varieties of opal occur within the areas of 

study: opal (opal-cristobalite) and lussatite, the division 

between them being transitional (Frondel, 1961). Opaline 

material, due to its hydrous and disordered nature, is 

isotropic and has a variable index of refraction. A distinc

tion between amorphous and petrographically amorphous opaline 

material should be made. Although opaline material may 

possess crystallinity (under x-ray diffraction) observations 

under the petrographic microscope may reveal only a dense, 

structureless, isotropic mass, owing to minute size of the 

crystallites. 

Lussatite is the fibrous variety of low-cristobalite, 

and it occurs enveloping inner margins of cavities and 

solution channels as the first silica polymorph precipitated 

as cement. Under crossed polarizers coarse fibers of lus

satite are approximately perpendicular to the surface and 
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display parallel to subparallel fiber growth. Under plain 

light, lussatite is translucent to opaque, and gray to , 

yellowish-brown (Frondel, 1961). Although lussatite k-' î .̂.̂  

resembles chalcedony it has an x-ray diffraction pattern of/̂ ,-, -1 
'./. V / ~ 

low-cristobalite. 

Chalcedonite (length-fast chalcedony) and megaquartz 

constitute up to 75 percent of the silica precipitated 

within voids. Under crossed polarizers, fibers of chal

cedonite can be seen radiating from some point on the 

surface outward, toward the central region of a cavity. 

Fibers are perpendicular to the banding seen under plain 

light. Bundles of fibers are of variable lengths and dis

play rhythmic banding. Chalcedonite yields an x-ray 

diffraction pattern of alpha-quartz. 

Isolated areas where silica had replaced carbonate 

matrix within eight thin sections, containing box-like 

crystal structures and minor amounts of detrital quartz, 

were x-rayed using the Phillips Norelco diffractometer. 

After scanning at one degree 29 per minute, only reflections 

of low-tridymite and quartz were predominant. Minor reflec

tions of low-cristobalite were detected, but these are 

inferred to represent lussatite (low-cristobalite) which 

lines vugs and solution cavities. 

Petrography 

Thin Section Analysis 

Study of 54 petrographic thin sections reveals that 
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within the three localities of study (Dunlop, Liles and 

Airport) only the Dunlop and Liles cores were subjected to 

intense silicification within dense carbonate matrix. Solu

tion-precipitation replacement of carbonate matrix by silica 

commonly follows precipitation of silica within vugs and 

solution channels. Replacement of carbonate by opal occurs 

with subsequent crystallization in the form of tridymite, 

microcrystalline quartz. 

Silicification of the Airport core is limited to vug 

fillings and minor deposition around peripheries of vugs in 

the form of tridymite and microcrystalline quartz. 

Under plain light, translucent to opaque, gray to 

yellowish-brown opaline material forms concentric laminae 

(banding) parallel to margins of vugs and solution channels 
7 ?• 

(Fig. 1). Lussatite, a fibrous variety of cristobalite, 

crystallizes within banded, void-filling, opaline material. 

Coarse fibers of lussatite are approximately perpendicular 

to the surface and display parallel to subparallel fiber 

growth, with optical extinction parallel to fiber length 

(Fig. 2). In many vugs and solution channels, cristobalite 

fibers can only be seen under high magnification due to its 

poor crystallinity. 

Lussatite bands display slight variation in thickness 

which reflects thickness of precipitation of original opaline 

laminae. Development of crystallization of lussatite is 

inferred to be contemporaneous with the initial formation of 
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gel material and the nucleation of crystallites within 

opal-cristobalite material (Braitsch, 1957). 

Figure 3 represents a lussatite band of coarse, fibrous 

growth which has developed two isolated areas of increased 

crystallization and birefringence. This is in strong con

trast to the Seemingly low crystallinity of the lussatite 

band itself. Areas of increased crystallinity are length-

slow and strongly resemble quartzine, the length-slow 

variety of chalcedony. This supports Smale*s (1973) 

observation that quartzine may form by the recrystallization 

of lussatite. 

Chalcedonite is the fibrous, length-fast variety of 

chalcedony and represents the dominant void-filling sili

cate in vugs and solution channels. Many voids filled or 

partially filled with chalcedonite commonly contain only one 

dominant radiating bundle of fibers, originating from a 

single point on the surface (Fig. 4). 

Crystallization of fibers of chalcedonite radiates 

outward in a rhythmic manner. Chalcedonite fibers exhibit 

progressive radiating growth until terminated by impigement 

of other adjacent radiating bundles. A polygonal configura

tion then developes, reflecting boundaries of fiber groups 

within a void (Fig. 4). 

The preferential site of crystal growth of chalcedonite 

within all vugs and solution channels observed appears to be 

on lussatite or quartzine. In no instance has chalcedonite 
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been observed crystallizing directly on the surface of 

carbonate or megaquartz. Chalcedonite occurs only as a void 

fill and never as a replacement phenomenon within the Dunlop, 

Liles and Airport cores. 

Figure 2 illustrates a thin crust of a fibrous, silica 

polymorph which developes as the last episode of crystalliza

tion within over 70 percent of the solution vugs. Morph

ology of the fibrous polymorph is similar to that of tridy

mite, which replaces carbonate matrix, but it remains 

unidentifiable owing to its minute crystal size and its 

inaccessability within the small vugs. Morphology of the 

fibrous silica polymorph will be discussed under Scanning 

Electron Microscope Analysis. 

Crystallizing within structureless, petrographically 

amorphous opaline material, which has replaced carbonate 

matrix, are faint, incomplete, box-like lattice crystals 

(Fig. 5). These silicate structures have been identified 

as tridymite on the basis of x-ray diffraction analysis 

(see Mineralogy). The silica polymorph displays varying 

degrees of crystallization, from its fibrous, open, box

like lattice to dense, complex areas where increased 

crystallization was occluded open structure (Fig. 6). 

Within the dense areas of crystallization of tridymite are 

several individual spherulitic shapes ranging from 44 to 55 

microns in diameter (Fig. 5). 
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Microcrystalline quartz, consisting of interlocking, 

minute crystals ranging from 2 to 3 microns in diameter, 

commonly occurs as a replacement of carbonate matrix. 

Presence of unreplaced carbonate around margins of vugs 

and solution channels indicates that formation of vugs and 

pfeeipitation of silica cements occurred before replacement 

of the carbonate matrix (Fig. 7). Solution vugs and chan

nels containing silica cements also occur in unreplaced 

caliche. 

Within solution vugs, silica polymorphs occur in the 

following sequence inward (toward the center) from the 

margin of a vug: 1) opal-cristobalite, 2) lussatite, 

3) quartzine, 4) chalcedonite. In some cases drusy mega

quartz occurs after formation of chalcedonite. Many voids, 

which had not been filled by silica cements, became filled 

by calcite cement. 

Many irregular, crumbly fractures that have developed 

into solution channels are lined with well-developed, non-

ferroan calcite cement adjacent to void walls. Remaining 

void space with solution channels has been occluded by 

fibrous length-slow lussatite, displaying low birefringence 

(Fig. 9). 

In intervals where primary voids among sand grains have 

not been filled by carbonate cement, detrital quartz grains 

lack overgrowths because they are coated by clay films. 

Clay films exhibit simultaneous extinction and are referred 
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to as oriented clay films or illuviation cutans by soil 

scientists. Oriented clay films coating sand grains are 

commonly preserved in well-developed, silicified caliche 

zones (Fig. 10). 

Scanning Electron Microscope Analysis 

By utilizing SEM it is observed that many spheroids of 

chalcedonite have formed on walls of vugs (Fig. 14). How

ever, thin section analysis of vugs revealed that spheroids 

of chalcedonite have nucleated upon lussatite or quartzine 

that previously crystallized from opaline material lining 

cavity walls. 

Nucleating on spheroids of chalcedonite, crystallites of 

a complex silica polymorph are linked together to form thin 

crusts and cover up to 60 percent of the surface within many 

vugs (Fig. 15 and 16). Although this silica polymorph resem

bles tridymite observed in thin sections, its mineralogy 

could not be definitely established. 

Cross sections of vugs lined by opal-crystobalite, lus

satite and chalcedonite were etched with hydrofluoric acid 

and analyzed by SEM. Rhythmic fibrous laminae of lussatite 

and chalcedonite were revealed by SEM analysis (Figs. 17, 18 

and 19). 

Determination of Minor Elements With 

Atomic Absorption Spectroscopy 

Sodium, potassium, strontium, manganese and iron are 
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commonly reported in analyses of sedimentary rocks. Con

centration of iron, magnesium and strontium within the 

Dunlop core are being determined by Wells (1974). 

General minor elemental distributions for the abun

dance of potassium, sodium and barium were established by 

atomic absorption analysis for the Dunlop core. Low concen

trations of potassium (ranging from .35 ppm to .95 ppm) 

and sodium (ranging from .15 ppm to .37 ppm) were detected, 

and no significant variations in concentration were found. 

However, relatively high concentrations of barium (ranging 

from 15.0 ppm to 44.5 ppm) have been found within zones 

of maximum accumulation of calcium carbonate (caliche zones) 

Swinford, Leonard and Frye (1958) reported fine-grained 

barite within carbonate zones in Hamilton County, Kansas. 

No evidence of barite concentrations have been found within 

the Dunlop, Liles and Airport cores. 

Buchanan (1973) found high concentrations of barium 

within caliche profiles in Lynn County, Texas, and suggests 

use of barium concentrations to discriminate lacustrine 

carbonates from caliche horizons. Results of this investi

gation corroborate the inference of Buchanan (1973) that 

well-developed caliche is characterized by relatively high 

concentrations of barium. Alluvial sediments of the 

Pliocene may be a source of the barium due to weathering 

of potassium feldspars and clays. Removal of barium in 

clays is caused by its greater ionic radius and lower ionic 
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potential (Mason, 1952). 

The great relative concentration of barium in soils 

appears to reflect behavior of the element in erosion and 

pedogenesis. 

Distribution of minor element concentrations did not 

prove to be o£ valUe in interpreting paragenesis of silica 

polymorphs. 
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CHAPTER III 

ORIGINS OF SILICA AND FACTORS 

CONTROLLING DISTRIBUTION 

Silicified rock is known to occur in the Ogallala 

Formation over a region extending from South Dakota to 

west-central and north-western parts of Kansas (Frye and 

Swinford, 1946). 

It has been inferred that opal in the Ogallala 

Formation in western Kansas was derived from: plants and 

diatoms, leaching of Pleistocene volcanic ash deposits 

that occurred at higher stratigraphic positions than the 

silicified zone, and dissolution of silicates by soil-

forming processes (Swinford and Franks, 1959). On the 

Southern High Plains, silica occurs sporadically throughout 

the Ogallala Formation within well-developed calcium 

carbonate (caliche) zones (Reeves, 1972). 

The fact that primary and secondary silica are 

restricted to well-developed caliche zones suggests a 

cause and effect relationship between silica precipitation 

and carbonate accumulation. Origin and distribution of 

silica found within Ogallala cores examined in this study 

could be explained within the context of the following 

hypotheses. 

1. Silica was derived from multiple sources, such as 

19 
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volcanic ash, diatoms and other plants and replacement of 

silica grains by carbonate. Precipitation of silica is 

restricted to caliche zones because carbonate intervals 

provided the only favorable geochemical environment for 

nucleation of silica as void fill and replacement. 

2. Silica occurring within carbonate intervals was 

locally derived and records advanced stages of dissolution 

(of silicate grains) and precipitation of silica polymorphs 

associated with the progressive accumulation of carbonate 

(calichefication). 

Investigation of the Dunlop, Liles and Airport cores 

reveals opal occurring only within horizons of maximum 

accumulation of calcium carbonate. Dunlop and Liles 

cores possess well-developed silicified zones with partial 

to total occlusion of vugs and solution channels by silica 

cement, and opal occurs as discontinuous, segregated 

replacement of the caliche matrix. However, silicification 

with the Airport core occurs only as lussatite cement 

which partially fills vugs and solution channels, and 

little replacement of the matrix by silica is evident. 

Wells (1974, personal communication) suggests that increased 

loss of permeability within the Dunlop, Liles and Airport 

cores occurs when carbonate matrix, vugs and solution 

channels have been occluded by silica cement. 

In areas of dense caliche intervals where no secondary 

replacement of carbonate by silica has occurred, primary 
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silica cement partially to completely fills solution vugs 

and channels. This indicates that precipitation of silica 

cements commonly occurred before replacement of carbonate 

matrix. 

Brown (1956) considered the possibility that capillary 

rise of ground water or groundwater table fluctuations have 

been possible mechanisms of silica transport; however, he 

noted that silica occurs in caliche zones that immediately 

overlie impermeable shales. 

The progressive accumulation of calcium carbonate 

(Table 3) and the attendant decrease in silica content 

from the surface to the well-developed calcium carbonate 

horizon is similar to the progressive development of 

caliche described by Reeves (1970). Reeves suggests use 

of the following classification, based on the development 

of young, mature and old age types of caliche, proposed 

by Price (1933) . In young caliche the silica/calcite 

ratio is high owing to the high percentage of sand; in 

mature caliche the ratio is more equal due to accumulation 

of calcite and removal of silica; in old caliche the ratio 

is again high due to accumulation of silica. 

Petrographic evidence indicates that replacement of 

silicate minerals occurs only within areas of well-developed 

carbonate zones (see Table 3 and Figs. 22, 23, and 24). The 

phenomenon of quartz dissolution has been explained by high 

pH conditions, and geochemists have commonly invoked high 
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pH's (greater than 9) to explain silica mobilization 

(Krauskopf, 1956; Alexander and others, 1954). In caliche 

soils of the Southern High Plains pH values range from 

slightly over 7 to a maximum of 8.3 (B.L. Allen, 1974, 

personal communication). So it is difficult to explain 

observed manifestations of silica mobilization within the 

context of high pH. 

Petrographic evidence indicates that void-filling 

silica is restricted to carbonate intervals and was probably 

precipitated by evaporation of water films. If much 

available silica were derived from sources such as volcanic 

ash, diatomaceous layers and other plant material, it seems 

probable that primary silica cement would be rather 

ubiquitously distributed within primary and secondary pore 

spaces and should not be confined to zones of dense carbo

nate accumulation. Thus, distribution of primary void-

filling silica suggests that it was locally derived from 

within mature caliche intervals. 

No layers or remnant evidence of volcanic ash or 

diatomaceous materials were found in the Liles, Dunlop and 

Airport cores. This suggests (but does not prove) that 

little or no silica was derived from such sources within 

areas of study. 

The Dunlop, Liles and Airport cores represent limited 

isolated areas of study. Although evidence appears to be 

lacking for the introduction of silica by volcanic ash, 
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diatoms, and plant life within the area of study, these 

agents may constitute significant sources of silica in 

other regions. The principal source of silica for the 

Dunlop, Liles and Airport cores appears to be from the 

dissolution of silicates by soil-forming processes within 

an aggrading soil profile. The amount of silicification 

appears to be a reflection of the development of the caliche 

zone. 



CHAPTER IV 

PARAGENESIS OF SILICA POLYMORPHS 

Precipitation and crystallization of silica polymorphs 

within a sedimentary environment is poorly understood. A 

multitude of chemical variables introduced into the system 

by migrating solutions at any one time may influence the 

crystallization process. A sequence of precipitation and 

crystallization of silica polymorphs proceeds from outer 

margins of cavities toward central regions, filling or 

partially filling cavities. Dapples (1959) noted that 

there seemed to be a relationship between the precipitation 

of silica polymorphs and the nature of the surface on \ 
\ 
\ 

which precipitation occurs. 

The following section outlines the paragenesis of 

silica polymorphs which were precipitated within solution 

vugs and channels and which replaced the carbonate (caliche) 

matrix (Fig. 20). 

Precipitation of Silica in Vugs 

and Solution Channels 

1. Banded, petrographically-amorphous opal was preci

pitated by evaporation of water films in vugs, and lussa

tite (fibrous cristobalite) crystallized from the opal 

(Figs. 1 and 2). 

24 
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2. Petrographic analysis indicates that, in all vugs 

and solution channels observed within the three cores, a 

progressive increase in crystallinity of opal-cristobalite 

laminae occurs inward from original void margins. This is 

the opposite of what would be expected because older laminae 

have lower crystallinity than younger laminae. This rela

tionship may indicate an interruption in precipitation of 

successive opal-cristobalite laminae which had been precipi

tated by evaporation of water films. Under a more humid 

climate and an increased moisture regime, inner (younger) 

laminae would crystallize before outer (older) laminae 

because they were in contact with ground water moving 

through the voids. 

3. Lussatite appears to recrystallize to quartzine, 

a variety of length-slow chalcedony. Areas of lussatite, 

which occur within some vugs, contain isolated segments 

which exhibit prominent recrystallization to quartzine 

(Fig. 3). 

4. Chalcedonite (length-fast chalcedony) nucleates 

on lussatite or quartzine surfaces, filling or partially 

filling voids (Fig. 11). 

—^ 5. Megaquartz nucleates on chalcedonite, filling or 

partially filling the void (Fig. 12). 

Silicification of Carbonate Matrix 

1, Structureless, petrographically-amorphous opaline 

material crystallized into faint, incomplete, box-like 
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lattice crystals of tridymite (Fig. 5). 

2. Increased crystallization forms fibrous, box-like 

crystals followed by dense, complex areas where increased 

crystallization has occluded the open structure of the 

tridymite (Fig. 6). 

3. Complex spherulitic shapes, ranging from 44 to 55 

microns in diameter, developing within dense areas of 

crystallization, indicate an advanced stage in crystalliza

tion (Fig. 6) . 

4. In all cases within the area of study, microcrys

talline quartz was observed only as a replacement of 

carbonate matrix (Fig. 13). 

Calcispar cement is commonly found within vugs and 

solution channels, filling or partially filling remaining 

void space. This reflects a change in water chemistry 

which interrupted the process of silicification. The 

calcite cement consists of large, equant crystals, ranging 

up to 22 microns in diameter (Fig. 8). 



CHAPTER V 

SUMMARY AND CONCLUSIONS 

1. Investigation of three cores reveals that opal 

occurs only within horizons of maximum accumulation of 

calcium carbonate. 

2. Distribution of primary void-filling silica 

suggests derivation from within mature caliche intervals. 

Precipitation of silica cements commonly occurs before 

replacement of carbonate matrix. Silica that replaces 

carbonate matrix (caliche) also appears to be locally 

derived and records advanced stages of dissolution of sili

cate grains and precipitation of silica polymorphs associa

ted with progressive accumulation of carbonate (calichefi-

cation). 

3. Void-filling silicates consist of fine laminae 

deposited parallel to void margins. The laminae originally 

consisted of opal which subsequently crystallized to lus

satite or chalcedonite. Lussatite and chalcedonite both 

are fibrous and the fibers are perpendicular to and commonly 

transect original laminae. Opal laminae were precipitated 

by evaporation of water films in the vadose zone. 

4. There exists a progressive increase in the crystal

lization of the silica polymorphs precipitated from the 

outer margins toward central regions of cavities. Lussatite, 

27 
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quartzine, chalcedonite and megaquartz occurs only as void 

filling silicates. 

5. A relationship exists between precipitation of 

silica polymorphs and the surface on which precipitation 

occurs. The preferential site of crystal growth of chal

cedonite within all vugs and solution channels observed 

appears to be on lussatite or quartzine. In no instance 

has chalcedonite been observed crystallizing directly on the 

surface of carbonate or megaquartz. 

6. Opal, that precipitates within carbonate matrix, 

occurs in discontinuous localized centers as a replacement 

of caliche after the subsequent development and precipita

tion of silica in vugs and solution channels. Crystalliza

tion of opal to tridymite is a common phenomenon. 

7. Replacement of carbonate matrix by opal occurs 

after precipitation of silica in vugs and solution channels. 

8. Results of this investigation corroborate the 

inference of Buchanan (1973) that well-developed caliche is 

characterized by relatively high concentrations of barium. 
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Fig. 1.--Photomicrograph. Opaline banding (plain light) 
deposited parallel to margins of cavity was precipi 
tated by evaporation of water films in vadose zone. 
Each micrometer (smallest division) equals 11 
microns. 

Fig. 2.--Photomicrograph. Crystallization of opaline 
material into length-slow lussatite (A). Fiber growth 
is approximately perpendicular to the surface and dis
plays optical extinction parallel to the fiber length. 
Fibrous complex silica polymorph nucleating from lus
satite surface (B). Dark area in central portion of 
void is epoxy. Crossed polarizers. Each micrometer 
(smallest division) equals 11 microns. 
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Fig. 3.--Photomicrograph. Area of increased crystallinity 
(A) within lussatite (B), resembling optical proper
ties of quartzine (length-slow variety of chalcedony) 
Remainder of void filled with chalcedonite (length-
fast) and megaquartz. Crossed polarizers. Each 
micrometer (smallest division) equals 4.2 microns. 

Fig. 4.--Photomicrograph. Dominant radiating bundle of 
chalcedonite nucleating on lussatite. Polygonal 
spherulitic configuration developed within void and 
reflects boundaries of radiating fiber groups of 
chalcedonite. Crossed polarizers. Each micrometer 
(smallest division) equals 11 microns. 
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Fig. 5.--Photomicrograph. Faint incomplete box-like lattice 
crystals of tridymite (A), crystallizing within petro
graphically amorphous opaline material. Formation of 
complex spherulitic shapes (B). Crossed polarizers. 
Each micrometer (smallest division) equals 11 microns. 

Fig. 6.--Photomicrograph. Tridymite crystallizing within 
petrographically amorphous opaline material. Crossed 
polarizers. Each micrometer (smallest division) po 
equals 11 microns 
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Fig. 7.--Photomicrograph. Presence of unreplaced carbo
nate around margins of vugs and solution channels 
indicates that the formation of vugs and precipita
tion of silica occurred before replacement of 
carbonate matrix. Crossed polarizers. Each micro
meter (smallest division) equals 11 microns. 

Fig. 8.--Photomicrograph. Solution vug that has been fil
led both by silica and carbonate cements. First stage 
depicts a sequence of lussatite (A), chalcedonite 
(B), followed by a second stage of precipitation of 
sparry calcite cement (C) partially filling the void. 
Crossed polarizers. Each micrometer (smallest 
division) equals 11 microns. 
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Fig. 9.--Photomicrograph. Solution channel lined with 
well-developed, non-ferroan calcite cement (A). 
Remaining void space occluded by fibrous length-slow 
lussatite (B), displaying low birefringence. Crossed 
polarizers. Each micrometer (smallest division) 
equals 11 microns. 

Fig. 10.--Photomicrograph. Detrital quartz grain (A) with
in silicified matrix (B) reveals clay films (C) 
around grain. Clay films are optically oriented and 
exhibit simultaneous extinction and represent illuvia
tion cutans. Crossed polarizers. Each micrometer 
(smallest division) equals 4.2 microns. 
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Fig. 11.--Photomicrograph. Void in unsilicified caliche 
filled by silica cement. Chalcedonite (B) display
ing radiating fibrous growth is observed nucleating 
on lussatite (A). Lussatite displays parallel to 
sub-parallel fiber growth adjacent to unreplaced 
carbonate matrix (C). Crossed polarizers. Each micro 
meter (smallest division) equals 4.2 microns. 

Fig. 

grades into chalcedonite (B) and megaquartz (C). 
represents carbonate internal sediment filling void. 
Crossed polarizers. Each micrometer (smallest divi
sion) equals 4.2 microns. 
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Fig. 13.--Photomicrograph. Microcrystalline quartz (A) 
replacing matrix (B) after development and precipi
tation of silica in solution channel by length-slow 
lussatite (C). ̂ Isolated and partially replaced 
quartz grains (D) record prior replacement of quartz 
by carbonate. Crossed polarizers. Each micrometer 
(smallest division) equals 11 microns. 

Fig. 14.--SEM Micrograph. Spheroids of chalcedonite 
forming on cavity wall. X 100 magnification. 
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Fig. 15.--SEM Micrograph. Increased magnification of Fig. 
14. Nucleating from spheroids of chalcedonite, aggre
gates of fibrous complex silica polymorph are observed 
linking together to form a thin crust. X 500 magnifi
cation. 

Fig. 16.--SEM Micrograph. Increased magnification of Fig. 
14. Observed dendritic habit (A) of complex silica 
polymorph. X 5000 magnification. 
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Fig. 17.--SEM Micrograph. Cross-section of silicified vug 
revealing lussatite banding parallel to vug margin 
after etching with hydrofluoric acid. Lussatite 
crystallized from amorphous opaline precursor. X 1000 
magnification. 

Fig. 18.--SEM Micrograph. Increased magnification of Fig 
17. Fibrous growth pattern formed perpendicular to 
rhythmic bands. X 2000 magnification. 
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Fig. 19.--SEM Micrograph. Increased magnification of 
lussatite bands shown in Fig. 17. Complex fibrous 
growth (A) and incorporation of calcite crystal (B) 
during crystallization. X 5000 magnification. 
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TABLE 1 

MINOR ELEMENT DISTRIBUTION UTILIZING 

ATOMIC ABSORPTION ANALYSIS 

CORE SAMPLE (DUNLOP RECHARGE WELL NO. 2) 

Depth 
Inte rval 
(Feet) 

37 
48 
48 
57 
60 
67 
67 
69 
70, 
71, 
72, 
73, 
75. 
76. 
79. 
81. 
84. 
87. 
90. 
94. 
96. 

100. 
107. 
135. 
146. 
160. 
164. 

.0 

.0 

.6 

.0 

.0 

.5 

.7 

.0 

.3 

.6 

.3 

.1 

.0 

.0 

.6 
,6 
,0 
,0 
3 
0 
4 
1 
0 
0 
0 
0 
5 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0, 
0, 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

.50 

.50 

.47 

.50 

.50 

.35 

.35 

.38 

.35 

.37 

.40 

.45 

.75 

.85 

.65 
,78 
,70 
66 
65 
69 
85 
95 
88 
61 
70 
95 
78 

(ppm) 

K Na Ba 

0 .19 9 .00 
0 .15 8.00 
0 .15 28 .00 
0 .16 23 .50 
0 .15 15 .00 
0 . 2 1 26 .00 
0 .17 40 .50 
0 .17 8.00 
0 .16 8.00 
0 .17 8.00 
0 .24 41 .50 
0 .18 44 .50 
0 .18 31 .00 
0 . 2 1 22 .70 
0 .24 8.00 
0 .17 9 .00 
0 .34 3 . 5 0 . 
0 .37 18 .00 
0 .17 8.00 
0 .17 8.00 
0 . 2 1 8.50 
0 .17 7 .00 
0 .16 9 .00 
0 . 2 1 8.00 
0 .17 9 .60 
0 . 2 3 43 .00 
0 .17 25 .50 
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TABLE 2 

WEIGHT OF STANDARD CHEMICALS TO PRODUCE A 

1000 PPM SOLUTION AND AMOUNT OF ACID 

NECESSARY FOR DECOMPOSITION* 

STANDARD 

Potassium 

Sodium 

Dissolve 1.9067 g of KCl in distilled 

water and when solution is complete trans

fer quantitatively to a 1-liter volumetric 

flask and fill to volume with distilled 

water. 

Dissolve 2.5421 g of NaCl in distilled 

water and when solution is complete trans

fer quantitatively to a 1-liter flask and 

fill to volume with distilled water. 

Dissolve 1.7787 g of BaCl2 in distilled 

water, when solution is complete, transfer 

quantitatively to a liter volumetric 

flask and fill to a volume with distilled 

water. 

By mixing standard solutions of potassium and sodium we 

can suppress the ionization of each. 

Barium 

* Adapted from Deans and Rains 1921. 
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DUNLOP'S CORE LOG 

5̂ P̂lll Description 

0.0'-32.6' 1. Sand - 80%, very fine to fine, 
reddish color, grain supported 
Carbonate cement - 201 

2. Carbonate "stringers," clasts 
and nodules (l-4cm). Some 
white zones of almost pure 
carbonate (951), cement sup
ported with sand grains (4%) 
pushed apart 
Opaques - II 

3. Porous - small pores; long 
tabular pores - apparently 
represents preserved root 
channels 
Slight intergranular porosity 

34.7'-37.0' 1. Sand - 761, medium fine, grain 
supported, reddish color 
Carbonate cement - 20% 
Clay - 3%; opaques - II 

2. Core is fractured 
3. Porous - small pores; long 

narrow tubular pores, slight 
intergranular porosity 

38.0'-40.6' 1. Sand - 75%, medium fine, red
dish color, grain supported 
Carbonate cement - 25% 

2. Large, white carbonate zone; 
here sand grains have been 
pushed apart and it is now 
cement supported 
Sand - 25%; carbonate - 75% 

3. Porous - small pores, some 
intergranular porosity 

40.6'-46.0' 1. Sand - 79%, medium-fine grain, 
pinkish color, grain supported 
Carbonate cement - 20% 
Opaques - 1% (Manganese) 

2. Carbonate pebbles (clasts) x 
Carbonate "stringers" N 

3. Porous - small pores; long 
narrow pores (root channels) 
slight intergranular porosity 

46.0'-49.6' 1. Sand - 90%, fine, red color, 
grains supported 
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Carbonate cement - 10% 
2. Porous 

49.6'-50.8' 1. Sand - 74%, fine, reddish 
color, grain supported 
Carbonate cement - 25% 
Opaques - 1% 

2. Contains carbonate clasts -
95%, sand - 4%, opaques - 1% 
cement supported 

3. Porous, none of the long, 
tubular pores visible; small 
pores present, slight inter
granular porosity 

50.8'-51.6' 1. Sand - 54%, fine, reddish, 
color, grain supported 
Carbonate cement ranges up to 
45%; Clay - 1% 

2. Carbonate streaks and string
ers 

3. Small pores are visible 

51.6'-53.0' 1. Sand - 75%, medium fine, some 
larger grains present, grain 
supported 
Carbonate cement - 20% 
Clay - 4%; Opaques - 1% 

2. Carbonate clasts present 
3. Small pores visible; slight 

intergranular porosity 

53.0'-57.6' . 1. Sand - 43%, fine, pinkish 
colors 
Carbonate cement ranges up to 
55% 
Clay - 1%; Opaques - 1% 

2. Small, narrow pores are 
visible 

57.6'-61.0' 1. Sand - 39%, fine 
Carbonate cement ranges up to 
60%; cement supported 
Clay - 1% 

2. Solution vugs and small pore 
space visible 

61.0*-67.0' 1. Sand - 35%, medium fine, red
dish color 
Carbonate cement - 651, cement 
supported 
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2. Porous, much of small, long, 
tabular porosity present 

67.0'-68.5' 1. 2one of carbonate cemented 
sand with some porosity 
Carbonate - 60% 
Medium-fine sand - 35% 
Clay - 5% 

2. Zones of silica cement that 
are very porous 

3. Zones of silica cement that 
have no porosity; this zone 
seems to be engulfing the 
carbonate area 

4. Concentration of Manganese 
oxides, especially along or 
near solution cavities 

68.5'-69.0' 1. Sand - 35%, medium fine 
Carbonate cement ranges up to 

9k 59-0 

Cement supported 
Clay - 5%; opaques - 1% 

2. Carbonate clasts, consists of 
up to 90% carbonate 
Few sand grains (10%) 

3. Solution vugs, product of solu
tion stopping and small pores 

69.0'-69.5' 1. Sand - 32%, medium fine, red
dish color 
Carbonate cement - 65%, cement 
supported 
Opaques - 1%; Clay - 2% 

2. Carbonate zones where no sand 
grains can be seen 

3. Zones of high carbonate concen
trations (90%) with a few sand 
grains visible - 10% 

4. Porous carbonate zone 
5. Zone of silica domination; 

silica growth with Manganese 
oxides concentration along 
what appears to be replacement 
front 

69.5'-70.0' 1. Carbonate cemented sand zones 
Carbonate - 70%; Sand - 29%; 
Clay - 1% 

2. Areas of silica cementation 
and replacement. Silica zones 
have silica druse lining pore 
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70.0'-70.3' 

70.3'^71.6' 

2. 

1. 

2. 
3. 

71.6'-72.3' 

2. 
3. 

72.3'-73.1' 

2. 

3. 

spaces 

Sand - 55%, medium fine, red
dish color, grain supported 
Carbonate - 43% 
Clay - 2% 
Porous 

26 ̂, medium 

cement 

Zone of sand 
fine, reddish color 
Carbonate cement - 70%, 
supported 
Clay - 3%; Opaques - 1% 
Porous 
Zones of silica replacement 
and cementation 
Larger pores are preserved but 
smaller pores are occluded by 
silica. 
Manganese oxide has been con
centrated along contacts 
between silica-replaced carbo
nate and unreplaced carbonate 
areas. 
Manganese appears to have been 
"pushed along" leading edges 
of silica replacement fronts. 

Zone of sand - 18%, fine, pink 
color 
Carbonate cement - 75%, cement 
supported 
Clay - 7% 
Porous 
Rounded nodular areas of 100% 
silica replacement, tightly 
cemented and occludes all 
small porosity 

Zone of sand - 19%, medium 
fine, reddish color 
Carbonate - 80%, cement 
supported 
Opaques - 1% 
Porous - vugs, root channel 
porosity and small pores 
Carbonate clasts, relatively 
more pure than rest of carbon
ate zone, sand grains are 
farther apart 
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4. Zone of silica replacement 
Loses much of the porosity 
that is present above silica 
zone 

73.1'-74.6' 1. Sand 30%, medium fine, reddish 
color 
Carbonate cement - 68%, cement 
supported 
Clay - 1%; opaques - 1 

2. Porous 
% 

74.6 -75.3' 1. Sand - 60%, medium fine, red
dish color; grain supported 
Carbonate cement - 36% 
Clay - 3%; Opaques - 1% 

2. Carbonate stringers, caliche 
crystal growing in fractures 
and pores 

3. Small amount of porosity 

75.3'-76.6' 1. Sand - 20%, fine 
Carbonate cement - 77%, cement 
supported 
Clay - 3% 

2. Carbonate stringers and peb
bles 

3. Porous - some vugs, some long 
tabular porosity 

76.6'-80.9' 1. Sand - 20%, medium fine, red
dish color 
Carbonate - 78%, cement sup
ported 
Clay - 1%; Opaques - 1% 

2. Carbonate clasts 
3. Very porous, root channels and 

fractures 
Some enlarged by solution 
Some pores are lined with 
calcite crystals 

80.9'-85.0* 1. Sand - 50%, fine grained, pink 
ish color, grain supported 
Carbonate - 45% 
Clay - 3%; Opaques - 2% 

2. Porous, larger pores, root 
channels, solution vugs 

3. Carbonate clasts - 85%, sand -
151; Carbonate seems to be 
pushing apart the sand grains 
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85.0'-86.0' 

86.0'-88.2' 

88.2'-94.0' 

94.0'-100.8' 

100.8'-104.0' 

104.0'-109.0' 

3 

1 

3 

1 

3 

1 

2 

3 

4 

1 

Sand - 55%, medium fine, red
dish color, grain supported 
Carbonate - 441 
Clay - 1% 
Porosity good; some larger 
pores, root channels, some 
solution vugs 
Some carbonate clasts 

Sand - 59%, medium fine, pink 
ish color, grain supported 
Carbonate cement - 40% 
Opaques - 1% 
Vuggy porosity, many cavities 
and smaller pores 
Solution stoping and vug 
collapse 
Carbonate clasts are present 

Sand - 50%, medium fine, red
dish color, grain supported 

45' 
5- • 
0 , Opaques - 1% (Man-

Carbonate cement 
Clay - 4' 
ganese)? 
Porous; small pores and root 
channels are abundant; larger 
pores and vugs 
Carbonate clasts are present 

Sand - 57%, medium fine, red
dish color, grain supported 
Carbonate cement - 40% 
Clay - 2%; Opaques - 1% 
Porous, small pores, inter
granular porosity 
Carbonate clasts are frequent 
Carbonate - 90%, sand - 10% 
Clay chips are present 

Sand - 60%, becoming coarser, 
reddish color, grain supported 
Carbonate 
Clay - 3% 

- 36% 
Opaques - 1 

\ 

1. Sand - 67%, coarse, pinkish 
color, grain supported 
Carbonate cement - 15% 
Igneous and metamorphic 
pebbles - 15% 
Clay - 1%; Opaques - 2% (Man
ganese oxides) 
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2. Porous, some intragranular por
osity, small pores visible 

3. Carbonate clasts and stringers 

109.0'-118.0' 1. Igneous-metamorphic pebbles 
(1 cm to 8 cm dia.) - 50%; 
sand coarse to medium - 25% 
Carbonate cement - 25% 

118.0'-120.Q' 1, Conglomerate 
Igneous and metamorphic pebbles 
- 45% 
Sand - 15%, medium fine, pink 
Carbonate cement - 40% 

2. Little porosity 

120.0'-130.0' 1. Igneous-metamorphic pebbles -
90% (4 cm to 12 cm dia.) 
Sand - 5%, fine 
Carbonate - 5% 

2. Porous-intragranular porosity 
present, small pores visible 

130.0'-135.0' 1. Igneous-metamorphic pebbles -
60% 
Sand - 30%, medium fine 
Carbonate - 5% 
Clay - 5% 
Porous 
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LILES CORE LOG 

Description 

^3.0'-47.0' 1. Tan color 
Sand - 35% 
Carbonate - 64%, cement sup
ported 
Clay - 1% 

2. Vugs filled with silica 

47.0'-48.1' 1. Tan color 
Sand - 35% 
Carbonate - 65%, cement sup
ported 

2. Some root channel porosity 

48.1'-50.1' 1. Tan color - core broken 
Sand - 70%, grain supported 
Carbonate - 29% 
Opaques - 1% 

2. Little root channel porosity 
Intergranular porosity 

50.1'-51.6' 1. Tan color - core broken 
Sand - 30% 
Carbonate - 68%, cement sup^ 
ported 
Clay - 1%; Opaques - 1% 

2. Some root channel 
Some vugs and galleries 

51.6'-53.1' 1. Tan color - core broken 
Sand - 35% 
Carbonate - 63%, cement sup
ported 
Clay - 2% 

2. Root channel porosity 
Vugs and galleries 

63.1'-68.1' 1. White color 
Sand - 38% 
Carbonate - 60%, cement sup
ported 
Clay - 1%; Opaques - 1% (Mn. 
surrounding voids) 

2. Some root channel porosity 
Some vugs and galleries 
Little intergranular porosity 

3. Calcite cement in some of the 
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68.1'-75.1' 

75.1'-80.0' 

80.0'-82.8' 

4. 

1. 

2. 

1. 

2. 

3. 

voids 
Nodules 

White color -
Sand - 40% 

core broken 

Carbonate - 59%, cement sup
ported 
Opaques - 1% 
Root channel porosity 
Some vugs and galleries 
Little intergranular porosity 

White color - core broken 
One lightly cemented zone 
Sand 52%, grain supported 
Carbonate - 44% 
Clay - 3%; Opaques - 1% 
One zone well cemented 
Sand 30% 
Carbonate 70%, cement sup
ported 
Root channel porosity 
Good vugs and galleries 
Some intergranular porosity 

1. 

2. 

3. 
4. 

White color 
Sand - 25% 
Carbonate - 74%, cement 
ported 
Clay - 1% 
Root channel porosity 
Vugs and galleries 
Calcite in some of the 
Nodules 

sup 

voids 

82.8'-83.2' 

83.2'-87.5' 

87.5'-88.1' 

1. White color - core broken 
Sand - 25% 
Carbonate - 71%, cement sup
ported 
Clay 2%; opaques - 2% 

2. Some root channel porosity 

1. Silica zone 

1. White color 
Sand - 20% 
Carbonate - 80%, cement sup
ported 

2. Root channel porosity 
Vugs and galleries 

\ 
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AIRPORT CORE LOG 

Description 

10.0'-14.0' 1. White - red-brown color; core 
badly broken 
Sand - 60%, grain supported 
Carbonate - 37% 
Clay - 3% 

2. Root channel porosity 
Intergranular porosity 

14.0 -23.0' Core missing 

2,3.0'-25.0' 1. Tan color, core badly broken 
Sand - 45% 
Carbonate - 50%, cement sup
ported 
Clay - 4%; Opaques - 1% 

2. Root channel porosity 
Some vugs and galleries 
Some intergranular porosity 

25.0'-28.0' 1. Tan color, core badly broken 
Sand - 50% 

S: 

% 

Carbonate - 46-0 
Clay - 3%; Opaques - 1 

2. Some root channel porosity 
Some vugs and galleries 
Some intergranular porosity 

28.0'-33.0' 1. Tan color, core badly broken 
Sand - 38% 
Carbonate - 60% 
Clay - 1%; Opaques - 1% 

2. Root channel porosity 
Few vugs and galleries 
Little intergranular porosity 

33.0'-38.0' 1. White-tan color, core badly 
broken 
Sand - 35% 
Carbonate - 62%, cement sup
ported 
Clay - 2%; Opaques - 1% 

2. Root channel porosity 
Little intergranular porosity 

38.0'-43.0' 1. White-tan color, core badly 
broken 
Sand - 351 
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Carbonate - 60%, cement sup
ported 
Clay - 4%; Opaques - 1% 

2. Root channel porosity 
Some vugs and galleries 
Little intergranular porosity 

43.0'-48.0' 1. White-tan color, core badly 
broken 
Sand - 23% 
Carbonate - 75%, cement sup
ported 
Clay - 1%; Opaques - 1% 

2. Root channel porosity 
Few vugs and galleries \ 

48.0'-53.0' 1. White-tan color, core broken 
Sand - 30% 
Carbonate - 70%, cement sup
ported 

2. Root channel porosity 
Some vugs and galleries 

53.0'-59.0' 1. White color 
Sand - 63%, grain supported 
Carbonate - 35% 
Clay - 2% 

2. Root channel porosity 
Vugs and galleries 
Intergranular porosity 

3. Carbonate nodules 

59.0'-62.0' 1. White color 
Sand - 50% 
Carbonate - 48% 
Clay - 1%; Opaques - 1% 
Root channel porosity 
Vugs and galleries 
Intergranular porosity 

62.0'-73.0' Core missing 

73.0'-83.0' 1. Red-brown color 
Sand - 20% 
Carbonate - 79%, cement sup
ported 
Clay - 1% 
Root channel porosity 
Some vugs and galleries 
Some intergranular porosity 

83.0'-88.1' Core missing 
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88.1^-90.0' Silica zone 

90-0'-91.3' Core missing 

91.3'-93.1' 1. White color 
Sand - 40% 
Carbonate - 57%, cement sup
ported 
Clay - 3% 

2. Root channel porosity 
Some vugs and galleries 
Some intergranular porosity 

93.1'-103.1' 1. White color 
Sand - 24% 
Carbonate - 75%, cement sup
ported 
Opaques - 1% 

2. Some root channel porosity 
Little vugs and galleries 

3. Carbonate nodules 

103.1'-108.0' 1. Red-brown color, core broken 
Sand - 60%, grain supported 
Carbonate - 40% 

2. Some root channel porosity 
Good intergranular porosity 

3. Carbonate nodules 

108.0'-118.0' 1. Red-brown color 
Sand - 75%, grain supported 
Carbonate - 24% 
Clay - 1% 

2. Little root channel porosity 
Little vugs and galleries 
Good intergranular porosity 

3. Carbonate nodules 

118.0'-133.0' 1. Red-brown color 
Sand - 65%, grain supported 
Carbonate - 33% 
Clay - 2% 

2. Some root channel porosity 
Good vugs and galley develop
ment 
Some intergranular porosity 

133.0'-136.0' 1. Red-brown color 
Conglomeratic gravel with 
sand - 83% 
Clay - 2% 
Carbonate cement, 15% 

2. Carbonate nodules 




