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ABSTRACT 

Study of petrography and internal structures of calcretes from six 

deposits on the Llano Estacada surface (west Texas) and from two 

deposits on the La Mesa surface (southeastern New Mexico) was conducted. 

Light microscopy, electron microscopy and laser fluorescence microscopy 

were employed for the petrographic investigations. 

Silicate grains from the loose sands progressively dissolve via 

formation of etch pits on their surfaces, and calcium from the external 

sources precipitates in the semi -arid environments. Nodular calcretes 

at the base of the calcrete deposit consists of calcified organic 

filaments, calcite needle-fibers, micrite, microspar, diagenetic opal, 

sepiolite and palygorskite. Overluing concretionary calcrete consists 

of concretions and non-horizontal laminae. Spherical concretions form 

under organic influence by inward replace~ent of silicate grain nuclei 

and outward spherical growth of carbonate lami nae through formation of 

different microstructures such as microfibrills and rods that may 

disintegrate into micrite. The point-contacts of spherical concretions 

and their abundance in root-molds indicates transportation and 

deposition by water to short distances during wetter periods . Larger 

concretions consist of calcrete nuclei and few, indistinct laminae 

similar in appearence to the horizontal laminar calcrete formed on top 

of the deposit. They contain abundant, 5 to 50;um size calcitic 

structures called as •Microcodium• consisting of radially arranged, 

curved calcite crystals. The exact origin of Microcodium is unknown, 

but their formation is related to the root-activity. Abundant vitrinite 
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and inertinite strongly suggests the presence of roots and possibly of 

fungi from the calcrete laminae. \~ater follows path of least 

resistance around the relatively impermeable concretions, roots follow 

water and Microcodiu~ develops forming outer laminae around the 

spheroidal concretions and laminar calcrete. Strong biological 

influence on the carbonate structures largely determines the morphology 

and extent .of development of pedogenic calcretes. 

Fluvanna calcrete developed in a regolith shows presence of 

abundant geopetal pendants. The laminae consisting of micrite, sparry 

calcite and opal develop on the bottom side of the pebble nuclei in the 

primary cavities. Primary silicate grains and peloids get washed in the 

cavities and get adhered to the surfaces of muciliageneous 

~icroorganisms, and are arranged in a crude, dish-like pattern. Opal 

cements and replaces the carbonates during wetter periods. 
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CHAPTEP I 

INTRODUCTION 

The Llano Estacado (Southern High Plains} covering 30,000 sQuare 

miles of West Texas and eastern Ne~ Mexico, as well as La Mesa surface 

covering 900 sQuare miles of southeastern New Mexico contain some of 

the thickest and most extensive calcrete deposits in the world. 

Although the generalized conditions of formation of these calcretes are 

well known, the origin of complex internal structures and textures 

remains enigmatic. The objectives of this study are : 

1. to investigate in detail petrographic characterestics of these 

calcrete deposits. 

2. to reveal the genetic history and origin of complex internal 

structures and textures within . these and other calcretes. 

Calcrete deposits at eight localities were investigated from 

different parts of Llano Estacado and La Mesa surface. Six of them, 

namely Fluvanna, Crosbyton, Crosbyton east, Tahoka, Buffelo Springs Lake 

(Lubbock}, and Caprock are in West Texas. The remaining two localities, 

namely lower La Mesa and upper La Mesa are in Las Cruces area of 

southeastern New Mexico. FiQure 1 is a map showing the geographical 

locations of the study areas. 

Terminology 

The term 'caliche' was originally proposed by Blake (1902} for a 

calcareous formation of pedologic nature formed on broad plains. The 
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term •caliche' also was extended to include non-calcareous deposits, 

fo~ example, it was used for mineral veins (Halse, 1914) or for white 

clays and clayey soils. Hawley and Parsons (1980) defined caliche as 

3 

11 a pro111inent zone of. secondary carbonate accumulation in surficial 

materials of warm, subhu111id to .arid areas formed by both geological and 

pedological processes. Cementation ranges from weak in non-indurated 

forrrs to very strong in types that are indurated. 11 The term 

'petrocalcic horizon• was proposed by Soil Survey Staff (1967) for the 

indurated, carbonate-rich soil horizons, and is widely used today by 

soil scientists. The term 'calcrete• was originally used by Lamplugh in 

1902 for carbonate-cerrented deposits. According to Goudie (1971) the 

term 'calcrete • applies to the .. materials forrrecl by the cementation 

and I or alteration of a pre-existing soil or rock by (dominantly) 

c.alcium carbonate... Klappa (1983) defined calcrPte as "an 

accumulation of predominantly fine-grained low-ma~nesiun calcite having 

formed within the meteoric vadose zone by pedodiagenetic alteration and 

replacerrent of any precursor material." Jarres (1972) described 

calcretes that formed as surficial weathering crusts on limestones. 

Esteban and Klappa (1983) called rhizoliths and rhizocretions consisting 

of calcium carbonate as calcretes, many of which form in coastal sand 

dunes under high rainfall climate. In the present study, the term 

calcrete is used for true pedogenic calcretes or petrocalcic horizons 

that for111 as subsurface horizons under arid climates. 



CHAPTER II 

REVIEW OF LITERATURE 

Study of Textures and Microstructures 
in the Calcretes 

The occurrence of micrite in calcretes is reported by several 

authors (James, 1972; Sehgal and Stoops, 1972; Folk, 1974; Harrison and 

Steinen, 1978). The small size of the micrite crystals results from 

rapidly evaporating supersaturated solutions (James, 1972). This 

micrite recrystallizes into microspar, leaving behind patchy islands of 

micrite, thereby giving the calcrete a typical clotted appearence 

(James, 1972; Esteban, 1973; Ward, 1975). According to Machette (1985) 

the micrite cement between the primary silicate grains causes 

significant expansion of the calcrete horizons. The replacement of 

silicate grains of the original sediments by micrit~ was envisioned by 

Hay and Reeder (1978) and Halitim and others (1983) in two steps; first 

a silicate grain is dissolved followed by precipitation micrite cements. 

Goudie (1983) reported on peripheral replacement of quartz grains by 

calcite spar composed of needle-like crystals of calcite. A complete 

range in the degree of replacement by calcite is reported by Nagteggal 

(1969) from almost none to strongly corroded silicate grains to almost 

total replacement of silicate grains. 

Needle fibers of calcite crystallize in pore spaces due to 

precipitation from very highly supersaturated solutions (James, 1972; 

Sehegal and Stoops, 1972; Rabenhorst, 1983). These needles are 

4 
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interpreted as organic fungal hyphae {Ward, 1970) or at least were 

organically influenced in some way (Klappa,1979; Knox,1977). · Bladed, 

elongate calcite cements filling the cracks in calcretes are reported by 

Nagategaal {1969), James {1972), Harrison and Steinen {1978). 

Occurrences of pellets or peloids in calcretes is extensively 

reported. Ward {1975) regarded them as formed by desiccation 

fracturing of micrite, s~ight transportation and deposition. Pellets 

are formed by micritization of skeletal grains in the case of calcareous 

crusts {James, 1972; Read, 1974; Harrison, 1977; Harrison and Steinen, 

1978). Hay and Wiggins (1980) reported formation of pellets by two 

processes : concretions formed in place by accretion in a void space and 

those formed by displacing and/or patchy cementation of micrite and 

subseouent separation of pellets due to fracturing along the planes of 

diffPrent cohesiveness. Kubiena (1970) postulated formation of pellets 

by the process of calichification in soils resulting in the formation of 

variably sized carbonate nodules. The precipitation may have been 

induced simply by evaporation of carbonate bearing waters or with the 

aid of organic matter. Calvet and Julia (1983) reported an intimate 

association of pellets with roots and fungi and regarded them as 

'fungotufas' (Pomar and others, 1975). Some pellets also possibly are 

of fecal origin (Braithwaite, 1975; Harrison, 1977; Calvet and Julia, 

1983). All the pellets may merge to give the calcrete a vague 

pelletoidal or clotted appearence {Ward, 1975; Hay and Reeder, 1978; 

Adams, 1980; Hay and Wiggins, 1980; Arakel, 1982). 

Concretionary structures, often called oolites and pisolites, may 

form in calcretes by in place accretion of calcium carbonate around 
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nuclei as evaporation rims (James, 1972; Siesser, 1973; Braithwaite, 

1975) or by illuviation (Gile and Grossman, 1979). Oolites may form by 

accretion of calcium carbonate with or without clay and silica by 

rolling on wet surfaces (Read, 1974) or by replacement of clay coating 

by calcium carbonate according to Hay and ReedPr (1978) and Hay and 

Wiggins (1980). According to Swineford and others (1958), and Read 

(1976), pisolites may form by filling of shrinkage cracks. According to 

Estaben (1974, 1975), and Ward (1975), oolites may also form by 

polygonal fracturing of mud and subsequent dissolution of corners. 

Calvet and Julia (1983) documented the formation of pisoids by 

centrifugal growth of organically influenced wiskpr crystals, 

microfibers, calcified filaments and cryptocrystalline micrite around 

the nucleus and progressive removal of detrital material and 

precipitation of calcite. Knox (1977) observed that the coatings around 

the grains show many borings and tubules, and attributed an organic 

origin to the coatings. 

James (1972), Seisser (1973), Walls and others (1975), and Calvet 

and Julia (1983) reported a tendency for precipitation of micrite around 

the nucleus to create spherical particles so that if the nucleus is 

elongated, then the coating perpendicular to its long axis may be much 

thicker than the coating over the ends. The process responsible for 

this may be abrasion or internal solution taking place in the soil (Hay 

and Wiggins,1980) . 

Differences between "vadose pisoliths" (Dunham, 1969) formed in 

marine vadose conditions by in place precipitation of micrite, and 

"calcrete pisoliths" (Read, 1974) of pedogenic origin were discussed by 
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Esteban {1976), Chafetz and Butler {1980) and Bergess {1983). Different 

criteria to distinguish between the above two types of pisolites are 

listed in Burgess (1983, p.501). 

Bertz and Herberg {1949), Sowers {1985) reported cupped and etched 

pebbles formed by dissolution of the tops of the pebbles by water in an 

unsaturated profile. Downward or upward thickening of laminae of 

pisolites is reported from calcetes. Swineford and others {1958), 

Harrison {1977), and Harrison and Steinen {1978) reported downward 

thickening of the -concentric layers around the nucleus due to 

gravitational effect in the vadose environment. These geopetal 

structures are filled with alternate fine and coarse calcite bands of 

different generations (Nagtegaal, 1969, Harrison and Steinen 1978). Hay 

and Reeder {1978) reported on upward thickening of laminae due to 

intense evaporation process. 

laminar structure {travertine banding) is reported by several 

authors. It consists of multiple layers of micrite on top of each other. 

Netterburg {1980) listed ninteen papers which describe laminar. calcrete. 

The laminated appearance may be due to differences in purity of micrite 

{Hay and Wiggins, 1978), color change due to degree of compaction {Ward, 

1975), differential distribution of iron oxide pigment {Read, 1974), or 

concentration of organic matter in certain layers {Gile and others, 

1966; Muttler and Hoffmeister, 1968). The laminae may form on top of 

the plugged profile in the subsurface by purely inorganic process of 

evaporation of horizontally woving water {Gile and others, 1966) or they 

may be surficial lichen stromatolites {Klappa, 1979d). 
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The presence of subhorizontal fractures is reported by Harrison and 

Steinen {1978) and Hay and Wiggins {1980). Swineford and others {1958), 

Reeves {1976} reporterl on arcuate, circumgranular fractures which may 

form by desiccation early in the sediment diagenetic history. 

Harrison {1977), Harrison and Steinen {1978), Adams {1980}, and 

Klappa {1980a} reported occurrences of abundant micrite-cemented root

tubes, or rhizocretions. Irregular, spar-filled voids separated by a 

network of micritic walls is termed alveolar structure and is widely 

documented in calcretes by Estaben {1974), Braithwaite {1975), Klappa 

{1978), Adams {1980), Calvet and Julia {1983}. In a microbiological 

investiQation of Nari-li~e crust, Israel, Krumbine {1968} found that a 

well-developed microflora including algaP, fungi, bacteria and 

actinomycetes is present. Irregular or straight borings are reported by 

Ward {1970), Knox {1977), Klappa {1978,79), which are caused by subarial 

eqivalents of algal or fungal boring organisms. James {1972) observed 

tubules that penetrate the grains, and may be the remains of algal, 

fungal or bacterial activity. Klappa {1979) observed abundant calcified 

organic filaments of algae, fungi, actinomycetes and plant root hair in 

Quaternary calcretes of the western Mediterrenean. He postulated that 

impregnation and/or encrustation of calcite on the surface of crganic 

filaments during the life or immediately after the death of the 

organisms was responsible for calcification of the organic filaments. 

Spherical to elliptical structures of calcite with radial structures are 

reported from calcretes (Esteban, 1973; Ward 1975) and are termed 

"Microcodium'' {Gluck, 1912). Lucas and Montenat {1966), and Chafetz and 

Butler {1980} reported the presence of Microcodium and thought they were 
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the result of bacterial activity. Klappa (1978) considered it to be the 

"result of calcification of mycorrhizae, which is a symbiotic 

association between fungi and cortical cells of roots." 

Sources and Mechanisms of Deposition 
of Calcium Carbonate 

Four main sources of calcium carbonate in calcretes are reported in 

the literature: 

1. the calcareous parent rock itself : this source has been well 

documented especially in case of calcareous crusts formed on limestones 

by subaerial exposure. The limestone undergoes diagenetic changes like 

micritization, recrystallization, cementation and converts itself into a 

calcrete (James 1972; Read, !974; Walls and others, 1975; Harrison, 

1977; Adams, 1980; Rabenhorst, 1983). 

2. carbonate dustfall on the surface the calcretes developed on non-

carbonate rocks have external source of calcium carbonate, mainly the 

calcareous-rich dustfall (Brown,1956; Reeves, 1970; Gardiner, 1972). 

Gile and Grossman (1979) collected particulate carbonates in dust traps 

in New Mexico. 

3. dissolved calcium in percolating rain-water : (Gardiner, 1972; Gile 

and Grossman, 1979; Machette, 1985). Gile and Grossman (1979) estimated 

that 2 to 3 times as much calcium is entering New Mexican dessert soils 

dissolved in rain-water as is being added as particulate dusts. 

4. solution and hydrolysis of primary calcium-rich minerals : This 

source is reported by Flach and others (1969), Hay and Wiggins (1980). 



Calcretes form by processes involving solution and subsequent 

precipitation of carbonates according to the following general 

reaction : 

C02 + H20 + Caco3 = Ca2+ + 2HC03-
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Precipitation of calcium carbonate in calcretes is induced in two main 

ways : (1) by evaporation .of calcium bearing waters, and (2) by 

decrease in partial pressure of co2• Evapotranspiration may cause 

precipitation by removal of co2 and water (Goudie, 1967) . 

Calcretes can form by geol og.i c processes such as sedimentary 

deposition (Price and others, 1946; Latt~an,1977; Vogt, 1984), capillary 

rise from a deep groundwater table (Nikiforoff,1937; Mann and Horwitz, 

1979) and by laterally and downward moving ground water in the 

subsurface (Bachman and Machette, 1977; Machette, 1985). 

Calcretes also may be produced by pedological processes which may 

be grouped into three ~ain types : 

1. downward translocation and accumulation of Caco3 from upper to the 

lower horizons ·by descending waters. Gile and others (1966) have 

proposed a four stage sequence in the formation of petrocalcic horizons 

in both 9ravelly and fine-textured soils . In the case of gravelly 

sequences, in initial stage I, thin and discontinuous pebble coatings 

form, which become continuous in stage II with some interpebble 

fillings. In stage III, many i nterpebble fillings occur and the horizon 

becomes plugged with carbonates. In sta9e IV, a laminar horizon 

develops above the plugged horizon. In the case of non-gravelly 
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sequences, in stage I, a few filaments or faint coatings on individual 

grains develop, and grade into stage II to form nodules. In stage III, 

many nodules and internodular carbonate cements develop. In stage IV, a 

laminar horizon develops overlying the plugged horizon. Bachman and 

Machette (1977}, and Machette (1985} added two additional stages to the 

four stages proposed by Gile and others (1966}, in which stage V 

accounts for calcrete laminae thicker than 1 em and thin to thick 

pisolites and stage VI accounts for multiple generations of laminae, 

breccia and pisolites . Read (1974} studied a similar calcrete profile 

developed in a soil containing very little noncarbonate silt or clay 

fro~ Shark Bay, Australia, where he observed an additional fifth stage 

of unconsolidated soil containing pisolites on top of the profile. 

2. ~rown (1956), and Reeves (1970) observed that continual aggradation 

of the ground surface through accu~ulation of aeol i an dust is necessary 

in addition to downward translocation and accumulation of Caco3 to form 

thick calcrete profiles . Reeves (1970) proposed a genetic 

classification of calcrete into young, mature and old calcrete. Young 

calcrete that resembles stage I of Gile and others (1966) is crumbly, 

white and encloses masses of parent rock. Nodules of young calcrete 

develop with further infiltration of solutions and redeposition of 

carbonates. The profile resembles stage II of Gile and others (1966). 

The mature calcrete profile (equivalent to. the plugged horizon of Gile 

and others, 1966} has a profusion of nodules and internodular carbonate 

cement with near absence of parent material. Old calcrete develops if 

mature caliche stays permeable with a laminar zone on top of the 



profile, along with the silicious zone composed of diagenetic auartz, 

which develops at the bottom of the profile. 
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3. The in place alteration of limestone to calcrete was prop~sed by 

Blank and Tynes (1965). As soil or vadose water enters a limestone and 

is detained in draining, the limestone undergoes dissolution, 

precipitation and recrystallization, and becomes transformed into 

calcrete or calcareous crusts. James (1972) described a similar 

process, whereby the skeletal grains and sparry calcite are transformed 

into· micritic fabric and called the process "calcretization." Kahle 

(1977), and Tompkins (1980) noticed similar process that they called 

"sparmicritization" responsible for the alteration of limestones to 

pedogenic calcretes in soils or vadose zones. 

Geolo~ical Setting of Llano Estacado 

Physiography 

The Llano Estacado is the gently eastward dipping plateau, bounded 

by calcrete escarpments along the east; west and north sides • . It 

occupies 30,000 square miles of west Texas and eastern New Mexico. It 

has been a stable land surface for the past three to five million years 

upon which pedogenic processes operated. At the present time, it is 

considered semi-arid having only 18 to 20 inches of precipitation per 

year. Permanent streams or rivers are absent, while tens of thousands 

of playa lakes are typical of this area. 



Ce~ozoic Stratigraphy 

The pre-Cenoz0ic stratigraphy of the Llano Estacada has been 

summarized by Brand (1974). Deposition of the sediments of Ogallala 

Group began approximately 12 my ago when erosion of the uplifted 

mountain ranges of New Mexico was initiated hy fluvial and eolian 
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processes (Hawley, 1984; Reeves, 1984). The Ogallala section of the 

Llano Estacada is divided into lower Couch Formation and upper Rridwell 

Formati0n. The Couch Formation consists of well-sorted, cross-bedded and 

semi-consolidated sands and gravels. The Rridwell Formation is composed 

of hedded, unconsolidated sands and clays (Evans, 1949). During late 

Miocene and early Pliocene times, the upper Ogallala Group was subjected 

to intense pedogenesis and developed thick calcrete horizons that mark 

the upper limit of the Ogallala and dominantly control the physiography 

of the Llano Estacada. 

The overlying Pliocene and lower Pleistocene Blanco Formation 

consists of lacustrine deposits of sand, silt and clays. Volcanic ash 

is sporadically present in these and other deposits (Hawley and others, 

1976; Reeves, 1976a). The name Blackwater Draw Formation was proposed 

hy Reeves (1976a) for reddish brown to tan eolian sand overlying the 

Rlanco Formation, that was previously referred to as •cover sands• by 

Frye and Leonard (1957). The Rlackwater Formation was subjected to 

episodic pedogenesis during its deposition (Allen and Goss, 1974). It 

is overlain hy the Double Lakes Formation and Tahoka Formation of 

Wisconsin age. Holocene dune sands and alluvium cover part of the 

surface of the Llano Estacada (Reeves, 1976; Gustavson and Holliday, 

1985). 



Geological Setting of the La Mesa Surface 

Physiography 
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La Mesa Surface was initially defined by Ruhe (1964,67) as a wide

spread hasin · floor surface that is underlain by sand and rounded gravel 

deposits of middle Pleistocene age. The deposits form the upper part of 

the fluvial facies of the upper Santa Fe Group (Holliday and others, 

1969), and are now included in the Camp Rice Formation (Seager and 

others, 1981). Gile and others show that various parts of the La Mesa 

surface stahilized at different intervals within the broad span of early 

to middle Pleistocene time. Rohledo fault scarp separates lower La Mesa 

from the upper La Mesa. Upper La Mesa represents an older Camp Ri ce 

fluvial plain ann low~r La Mesa represents younger surficial gravel and 

sands of Camp Rice Formation. 

Cenozoic Stratigraphy 

During Miocene to Middle Pleistocene time, basin fill of the Santa 

Fe Group was deposited along the Rio Grande rift (Hawley ann others, 

1969). The Miocene lower Santa Fe Group consists of three Formations

basal unnamed unit, Hayner Ranch Formation and Rincon Vally Formation. 

The Plio-Pleistocene upper Santa Fe Group consists of the Fort Hancock 

and the Camp Rice Formations (Seager and others, 1971). The Camp Rice 

Formation consists of two facies- basin floor facies which predominantly 

consists of Fluvial sand and gravel deposited hy the ancestral Rio 

Grande; and piedmont-slope facies in which gravelly alluvial-fan and 

deposits predominate (Gile and others, 1981). Thick calcrete horizons 

have heen developed in th i s formation due to pedogenesis. 
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CHAPTER III 

METHODS OF STUDY 

Laboratory Techniques 

Hand Specimens 

Large samples of calcrete were sawed into three dimentional blocks 

to reveal the morphologies and orientations of internal structures and 

textures. Several slabs of calcrete were cut and polished to reveal the 

microstrucutres present within them. Some block surfaces and slabs 

were etched with 10% HCl for five minutes to hiQhlight the structural 

and compositional variations within the calcretes. 

LiQht ~icroscopy 

Oriented thin sections were prepared from all parts of the calcrete 

profiles except when it was impossible to cut thin sections because of 

crumbling of the specimen. All thin sections were stained with Alizarin 

Re~-S to determine the presence of calcite. Some thin sections were 

stained with methelyne blue organic stain to detect the presence and 

distribution of organic matter. All thin sections were studied 

petrographically with Zeiss and Nikon light microscopes to determine the 

nature of seouence of diagenetic fabrics. Photomicrographs were taken 

in order to illustrate significant calcrete textures and 

microstructures. 

15 
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X-ray Diffraction (XRD} 

Minerologiy of the calcretes was determined by X-ray diffraction 

analysis on a Phillips X-ray diffractometer using Cu- Kx radiation at a 

scanning speed of 2°/20/min. The XRD analysis was conducted in three 

steps : 

1. XRD of powdered sample - approximately 5 g of each sample were 

. crushed and ground in an agate morter to a fine powder. Random powder 

moun~s were X-rayed over a 26 range of 2°-60°. 

2. Removal of carbonates - two g powder of each sample was transferred 

to a 1000-ml beaker and sufficient Na-acetate solution was added, enough 

to cover each sample. After the reaction had slowed down considerably, 

more acid was added while stirring continuously to fill the beakers to 

about one-half full. The beakers were then covered with lids and let 

stand for 4 hours. The supernatant liouids were decanted and this 

procedure was repeated until all the carbonates were dissolved as 

indicated by the lack of reaction upon addition of fresh acetic, acid. 

After the acid treatment the contents of the plastic beaker were 

transferred to the centrifuge tubes and repeatedly washed by distilled 

water (in order to remove excess acid, reaction products, soluble salts 

etc.} until the dispersion of the paticales began. Five ml of 10% Na

hexametaphosphate solution (calgon} was added to these suspensions which 

did not disperse by washing with distilled water. Such suspensions were 

treated ultrasonically to further help the dispersion of particles. The 

clay fractions (< 4 um} were separated from the silt fractions (4 to 50 

/Urn} by gravity sedimentation according to Stoke's Law. All the clay 



fractions were transferred into 50-ml vials and retained for further 

use. 

3. XRD analysis of oriented clay speci~ens : The oriented clay 

specimens were prepared by transferrin~ the clays onto labeled glass 

slides by means of a pipette (Gibbs,1965). The clay specimens were 

allowed to air-dry overnight and X-rayed over a 28 range of 2°-40°. 
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They were glycolated with ethylene glycol and kept in the desiccator for 

eight hours. The glycol-solveted specimens were X~rayed over a 28 

range of 2°-20° to detect the presence of swelling clays. 

The minerals were identified according to methods suggested by 

Carroll (1970) and Brindley and Brown (1980). 

Scanning Electron Microscopy (SEM) 

Twelve samples of calcretes .for SEM analysis were selected, so as 

to represent the changes in the megascopic physical properties of the 

la~inar, concretionary and nodular calcretes as well as calcretes with 

geopetal pendants. Chips of size 2x2x3 ~m of freshly broken surfaces of 

the rock were secured with the silver paint cement to the polished 

copper stub. The chips were first coated with thin carbon film (abcut 
0 

50 A ) evaporated over the~. The chips were then sputter-coated with a 
0 

200 A -thick fil~ of gold (Walker, 1978). The samples were exa~ined on 

a JEOL JEM 100-CX electron microscope equipped with an EG & G ORTEC X-

ray analyser system with 20 KV accelerating voltage. The elemental 

chemical co~positions of the ~inerals were deter~ined by ~eans of energy 

dispersive X-ray analysis (EDS) in order to confir~ their 

identification. 
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Laser Fluorescence Microscopy 

In order to docu~ent the presence, nature and distribution of 

organic material in calcretes, ten polished thin slabs of size of about 

2c~x3c~ from laminar, concretionary and nodular calcretes were studied 

with the help of laser fluorescence microscopy. A pulsed laser and 

three sources of continuous wave illumination were interfaced with a 

Leitz MPV 3 microscope. The tungston lamp was used for surveying the 

sample under white light. The mercury and xenon arc lamps were used for 

fluorescence excitation. The EG & G nitrogen pumped dye laser provided 

intense near-ultraviolet light pulses. The laser was coupled to the 

microscope via a liouid lipht guide. The emitted fluorescence in ·blue 

li~ht and reflectance in white light shown by organic constituents was 

detected and photographed using a Nikon camera fi xed to the microscope. 



CHAPTER IV 

FIELD STUDIES 

Calcretes or petrocalcic horizons of Llano Estacado and La Mesa 

~eo~orphic surfaces occur as thick and extensive near-surface 

accu~lations of calcium carbonate. The calcrete deposits are 

conformable with the re~ional topography and show gradational contact 

with the underlying material. 

The eight calcrete deposits under study can be grouped into two 

catagories : 

1. Calcretes developed within sandy sediments. 

A. calcretes of La Mesa surface - This includes the lower La Me~a and 

upper La Mesa calcrete deposits near Las Cruces, New Mexico, that 

overlie sandy or gravelly Ca~ Rice Formation of Pleistocene age. 

B. calcretes of Llano Estacado surface- Calcrete deposits at 

Crosbyton, Crosbyton east, Tahoka, lubbock and Caprock of West Texas 

fall into this catagory. They overlie Oqallala sands of Mio-Pliocene 

a~e. 

2. Calcrete developed in pebbly liwestone regolith. The host material 

.of the calcrete deposits at Fluvanna, Texas, developed on the Llano 

Estacado surface is a regolith composed of the Cretaceous Edwards 

Li~estone pebbles mixed with Ogallala sands. 
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Calcretps Developed within Sandy Sediments 

Calcretes of the La Mesa Surface 
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A calcrete profile developed on the lower La Mesa surface exposed 

near Las Cruces (Dona Ana County) was studied. It is located 

approximately 2 miles west of the Rio Grande valley near the I-10 and US 

70 airport exit. The calcrete deposit is laterally continuous over wide 

areas. The profile developed on the upper La Mesa surface is exposed 

approximately 5 miles north-west of the lower La Mesa profi le near the 

northeast edge of the Las Cruces airport. Both the profiles are similar 

in their physical features. In a typical calcrete profile at lower La 

Mesa (Figure 2) feldsphathic sands grade upwards into calcrete deposit 

that is overlain by a thin soil cover. The surface soi l horizons are 

approximately 45 em thick, and consists of dark gray to brown 

unconsolidated material. The calcrete deposit is predominantly white, 

but also exhibits light brown to grey color. The total thickness of the 

calcrete deposit is about 1 m. Three basic macrostructures are 

observed in the calcretes 

1. horizontal laminar structures that characterize the hard crust at 

the top of the calcrete deposit. 

2. poorly- to well-developed concretionary structures and root 

structures that characterize the relatively softer calcretes underlying 

the laminar calcrete. These concretionary structures have often been 

referred to as calcrete oolites or ooids and calcrete pisolites or 

pisoids in the literature. In the present study , the genetic 

implications of the terms "oolites" and "pisolites" have been avoided 

by using the term "concretions". The classic oolites and pisolites form 



Figure 2. Typical calcrete profile of 1 m thickness 
at Las Cruces. 
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marine environment under constant water agitation. Some water oolites 

form by deposition of calcium carbo~ate around the nucleus as 

evaporarion rims. They show as many as twenty concentric and sharp 

laminae around the nucleus. The concretions present in the calcrete 

soil profile are low-Mg calcite and show very few and indistinct laminae 

around the nucleus. 

3. nodular structures that characterize the semi-indurated calcrete at 

the base of the deposit. 

Calcrete with horizontal laminar structure (Figure 3) varies from 

15 mm to 2 em in thickness and is predominantly white in color. 

Locally, where rich in iron or manganese, the laminar calcrete is red or 

black. Abundant horizontal roots penetrate the laminar calcrete. The 

laminar structure consists of multiple laminae or layers of fine-grained 

calcium carbonate. Individual laminae are separated by very indistinct 

boundries and they follow irregularities of the underlying surface. 

Sand grains are dispersed within and between the laminae. 

Calcretes with concretionary structures (Figure 3) are 30 .to 50 em 

in thickness. The color is buff-white, grey or light brown. Abundant 

roots traverse the calcretes with concretionary structures. Some of the 

root channels are filled with clays and spherical concretions less than 

2 mm in size, while some are still open (Figure 4). Laminae very 

similar in appearence to the laminar calcrete but with different 

orientations are present in the concretionary calcretes. Two types of 

concretions are present : 

1. incipient or well developed concretions, ranging in size from 2 mm 

to 5 em, with spheroidal shapes and few indistinct laminations around 



Fi9ure 3. Polished surface of laminar calcrete (L) 
overlying concretionary calcr~te from Las Cruces. 

Figure 4. Concretionary calcrete with root molds. 
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the nuclei. These are often referred to as calcrete -pisolites in 

literature. The laminae are very similar in appearence to the 

horizontal laminar calcrete. 
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2. well- developed concretions ranging in size from 0.5 to 2 mm, with 

spherical shapes and one or two laminae around the nucleus. These are 

often referred to as calcrete oolites in literature. 

The inter-concretionary material mainly consist of fine-grained 

calcium carbonate, clays and sand grains. 

The well developed spheroidal concretions (Figure 5) are embedded 

in the matrix of fine ~rained carbonate material and sands. They may be 

widely spaced from each other or in contact with each other. Most are 

internally composed of a nucleus and one or more laminae around the 

nucleus, while some have no discernible nucleus. The individual laminae 

are 1 mm or less in thickness and are very similar to the horizontal 

lawinar calcrete in appearence. The concretions do not share the 

adjacent laminae and exhibit point contacts with each other. The sand 

~rains _ are dispersed throughout the concretionary calcretes. The well

developed smaller, spherical concretions predominantly fill the root 

channels and also show poi~t contact with each other and with sand 

grains. 

Calcretes with nodular structures are about 40 em in thickness and 

white, gray or reddish brown in color. Individual calcrete nodules are 

irregular to rounded in shape and vary in size from 2 em to 12 em 

(Fi~ure 6). The nodules are internally structureless and are embedded 

in fine grained Caco3• Sand grains are dispersed throughout the nodular · 

calcrete. 
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Figure 5. Polished surface of calcrete showing 
well-developed spheroidal concretions and 
nonhorizontal laminae from Las Cruces. 

Figure 6. Polished surface of a calcrete nodule 
from Las Cruces. 
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Calcretes of llano Estacada Surface 

The calcrete profile exposed at about 7 miles east of Crosbyton 

(Crosby County) on US 82 along the White River Canyon scarp was studied 

(Figure 7). The Ogallala sands grade upwards into calcrete horizon of 

thickness of about 200 em, which in turn is overlain by a soil cover of 

about 20 em in thickness . The calcrete deposit shows laminar interval 

at the top followed downwards by concretionary and nodular calcrete 

interval. Another profile exposed about 2 miles east of Crosbyton, in a 

roadcut on US 82 is exhibited in Figure 8. Here calcretes overlie a 

reddish brown sands of Ogallala Group. 

A profile exposed near the small town of Caprock (Crosby County) on 

TX 207 in a road cut, approaximately 4 mil.es east of US 82 was studied. 

Here calcrete overlies Ogallala sands. Extremely indurated silica 

nodules are found at the base of the calcrete horizon. Teepee 

structures or pseudoanticiines, about 180 em in length and about 120 em 

in height are found in these calcretes (Figure 9). These teepee 

structures may be the result of caliche for~ation in host rock .( Price, 

1925; Jennings and Sweeting, 1961) or caused by expansion of calcrete by 

root penetration of higher plants (Klappa, 1980b). 

A calcrete profile exposed near the intersection of FM 835 and 

entrance to Buffalo Springs lake, lubbock was also studied. Here the 

Ooallala sands are overlain by a 50 em-thick i"ndurated calcretes. The 

Blanco Formation overlies these calcretes and is successively overlain 

by a thin, friable Pleistocene calcrete, an ash bed and a soil layer. 
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Figure 7. Calcrete deposit at Crosbyton. 
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Figure 8. Calcrete deposit overlying Ogallala 
sands at Crosbyton. 
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Figure 9. TeepP.e structures dP.veloped in the 
calcretes at Caprock. 
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The calcrete deposit is indurated, silicious and shows honeycomb texture 

(Figure 10) formed due to deposition of calcium carbonate along abundant 

roots and root voids. 

A relatively thick (3m) calcrete profile is exposed in a large pit 

near Tahoka (Lynn County), approaximately 4 miles east of Business US 87 

on US 380. The calcrete overlying the Ogallala sands is reddish brown 

in color and is highly brecciated and recemented. It shows laminar zone 

at the top of the deposit followed dowmwards by concretionary and 

nodular intervals. 

Calcretes of the Llano Estacado surface exhibit identical 

macrostructures to those observed in the calcretes of La Mesi surface. 

However, the textures and structures are rendered obscure due to much 

brecciation and recementation. A typical brecciated calcrete from 

Tahoka is displayed in Figure 11. 

Calcretes Developed in Pebhly Limestone Regolith 

Calcrete deposit exposed in a road cut near Fluvanna (Scurry 

County) approaximately 2 miles west of US 84 on FM 612 was studied. The 

calcrete is developed in a regolith consisting of limestone pebbles and 

sands overlying Cretaceous Edwards Limestone. The calcrete is 

characterized by abundant geopetal pendant structures (Figure 12) 

developed due to downward thickening of the calcrete laminae around the 

limestone pehhles. The laminae may be absent at the top of some 

limestone pebbles. Silicate grains are commonly present in the pendant 

laminae. The pendants are 2 mm to 10 em in length and 1 mm to 5 em in 

width. Horizontal cross-sections cut through the limestone pebbles are 



Figure 10. Honeycomb structure in the calcrete at 
Buffalo Springs Lake. 
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Figure 11. Polished surface of brecciated 
calcrete from Tahoka. 
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Figure 12. Polished surface of Fluvanna calcrete 
showing geopetal pendants. (Arrow indicates up) 

33 



34 

characterized by presence of carbonate cements showing vadose miniscus 

effects. The interpendant material is composed of silicate sand grains 

coaterl by micrite films and peloids. 



CHAPTER V 

DIAGENESIS AND ORIGIN OF STRUCTURES AND 

TEXTURES IN THE CALCRETES 

Th~ gradational contacts of calcr~tes with the underlying host 

rocks, the conformability of calcretes with the regional topography and 

the absence of any large-scale sedimentary structures in the calcretes 

of the study areas indicate that these calcretes represent in place 

pedologic deposits. 

It is apparent from the field studies that the mode of occurrence 

of calcretes developed within sandy sediments at Crosbyton, Tahoka, · 

Lubbock, Caprock and Las Cruc~s is generally similar. Therefore, the 

results of petrographic studies of the afore-mentioned deposits are 

discussed together. Petrographic features of the Fluvanna calcrete 

deposit that is developed in the pebbly regolith are distinctly 

differ~nt and are discussed later. 

Calcretes Developed within Sandy Sediments 

These calcretes generally consist of three horizons with distinct 

macrostructures predominating in each, and upward from the base consist 

of nodular, concretionary, and laminar intervals. In the ensuing 

discussion, the results of petrographic studies of nodular calcretes are 

discussed first, followed by concretionary and laminar calcrete. 
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Nodular Calcrete 

Nodular calcretes represent the lowest interval within the calcrete 

deposit. Thin sections of the nodular calcrete from both lower La Mesa 

and upper La Mesa deposits could not be prepared because of the crumbly 

and semi-indurated nature of the calcrete nodules. -X-ray diffraction 

pattern of nodular calcrete indicates the presence of low-Mg calcite, 

auartz, K-feldspar, plagioclase, opal-CT, sepiolite and palygorskite. 

SEM examination of the calcrete nodules from upper La Mesa deposit shows 

that the nodules are cowposed predominantly of needle-fibers and 

filaments of calcite with minor proportions of micrite, sepiolite and 

palygorskite. Primary silicate grains, many of them with pitted 

surfaces are present throughout the nodules. 

Two types of filament fabrics are observed in the nodular calcrete. 

One type of fila~ent shows that the surface of the filament is coated 

with tangentially arranged needle-fibers of calcite (Figure 13). 

Filaments range in size from 6 to 20 ~m and may be straight or bulbous 

in shape. Figure 14 shews another type of fabric, in which filaments 

are randomly oriented and slightly curved in shape. They generally show 

diachotonous (•y• shaped) branching patterns. The filaments range in 

length from 50 to 80 ~m, and in diameter from 3 to 6 ~m. A close view 

of the filament (Figure 15) shows that the surface is composed of 

micrite crystals that are about 0 .5 ~min size along with microfibrills 

that are about 1 ,um in length and about 0.2 ~m in diameter. The micrite 

crystals are precipitated in between the microfibrills and generally are 

restricted to the outer surface of the filawent. 



Figure 13. Root hair coated with tangentially 
arranged needle-fibers of calcite in nodular 
calcrete at Las Cruces. 

Fioure 14. Calcified fungal fila~ents in nodular 
caicrete at Las Cruces. 
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Fioure 15. Close view of funoal filament in Fioure 
14: The surface is co~posed of micrite crystals 
and microfibrills. 
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Similar occurrences of the filaments has been previously described 

fro~ calcretes {Klappa, 1979) and the thicker filaments with tan~ential 

arran~ement of needles ar~ thought to be calcified root hairs while the 

thinner fila~ents are thou~ht to be calcified fungal filaments. The 

microfibrills present on the surface of the fila~nts are thought to be 

resistant components of the cell wall material of the original organic 

filaments. Two mechanisms of calcification of these filaments are 

postulated by Klappa {1979). One of them is a biochemical process, in 

which impre~nation of the micrite crystals takes place within the voids 

created by decomposition of the or~anic material. Another one is 

physico-chemical process, by which calcification of the fila~ent may 

take place by encrustation of calcite crystals on the filament surface. 

Precipitation of calcite on the filaments is either caused by the 

fila~ents themselves or by saprophytic microor~anisms living on the 

surfaces of the filaments. Evidence for the presence of such 

saprophytic microor~anisms on the filament was not noted from the 

calcretes of the study areas. 

The term needle-fibers has been applied to the extreme forms of 

accicular crystals by James {1972) and Harrison {1977). The needle

fibers occurring in nodular calcretes are randomly oriented, loosely 

packed calcite crystals that fill the pores between primary silicate 

grains and are intimately associated with organic filaments (Figure 16). 

The needle-fibers are composed of low-Mg calcite (~lemental composition 

deter~ined by EDS, Figure 17). The needle-fibers range in length from 

10 to 15 ~~, and in diameter from 0.5 to 1 ~m, and show flat tips 

(Figure 18). They recrystallise and disintigrate at places (Figure 19). 



Fi~ure 16. Needle-fibers of calcite intimately 
associated with or~anic filaments in the nodular 
calcretes at Las Crues. 
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Figure 18 . Close-up of needle fibres in Figure 14 
showing souare tips. 

Fioure 19. Close-up of needle fibres in Fioure 14 
showing recrystallization and di sintigration. 
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The variations in the crystal morphology of calci~e are attributed 

to two main factors. The first one is the rate at which water 

evaporates or co2 escapes fro~ the syste~. This factor exerts a strong 

influence on the rate of supersaturation affecting for~ation of new 

nuclei, and thus the size of the precipitating crystals (James, 1972). 

At slower rate of evaporation or loss of co2, large crystals with good 

prism faces precipitate. At rapid rates of evaporation or co2 loss, 

small anhedral crystals, whisker crystals (Nabarroo, 1967) and crystals 

with fiber tips (Braithwaite, 1983) precipitate. The second factor 

influencing the crystal ~orphology is the presence of foreign ions in 

solution, exerting a strong influence on crystal shapes. Buckley '(1951) 

and Usdowski (1963) demonstrated the influence of different foreign ions 

'in inorganic precipitation of different types of crystals. Suess (1970) 

demonstrated the effect of organic contamination on the carbonate 

crystal growth. 

The intimate association of the needle-fibers with the organic 

fila~ents in calcretes also was previously observed by Ward (1970), 

James (1972), Knox (1977), and Klappa (1979). Knox (1977) considered 

the precipitation of needle-fibers was organically influenced in some 

way that is not well understood. Klappa (1979) inferred that they were 

either calcified actinomycete hyphae or organically influenced calcite 

crystals. The exact nature of the organic influence on the formation of 

calcite needle-fibers is yet unknown. Anhedral, 1-4 ~m size micrite 

crystals are very common in nodular calcretes. Micrite fills micropores 

between calcite needle-fibers. Both micrite and needle-fibers toget~er 

fill the primary porosity between the grains. The micrite is 



low-wagnesian calcite (elemental composition determined by EDS). The 

small size of the cementing micrite crystals may result from 

crystallization from rapidly evaporating supersaturated solutions 

(James, 1972). Micrite also results from disintegration of calcite 

needle-fibers as previously shown in Figure 19. 

44 

The silicate grains that exhibit varying degrees of weathering are 

randomly distributed in nodular calcretes. Figure 20 displays the 

pitted surface of a feldspar grain. The etch-pits present on the 

surfaces of the grains are shallow, rectangular and are not connected 

with each other. The degree of formation of etch pits on the surface of 

the grains is variable, indicating that the original sands weathered due 

to ·1 oca 1 i zed fa vorab 1 e mi croenvi ronments. 

Sepiolite commonly is observed in nodular calcretes. Figure 21 

exhibits very dense agQregates of sepiolite fibers surrounding a fungal 

filament. Sepiolite also occurs as grain coatings (Figure 22) and 

occupies the primary porosity between the grains. 

The nodules present in the Crosbyton calcrete deposits are hard and 

indurated. Light microscopic observations reveal that the nodules are 

predominantly co111posed of many silicate grains "floating" in the matrix 

of dense micritP with recrystallized microspar and psudospar. Many 

tubular and circular cavities ranging in diameter from 30 to 50 urn are 

present (Figure 23). The shape and size of the cavities suggest that 

they are root molds. Equigranular and bladed sparry calcite cements 

fill these root molds. Sparry calcite, along with diagenetic chalcedony 

cement fill many thin cracks present in nodular calcretes. 



Figure 20. Pitted surface of a feldspar grain in 
nodular calcrete at Las Cruces. 

Figure 21. Dense aggregates of sepiolite fibres (S) 
surrounding a fungal filament in the nodular 
calcrete at Las Cruces. 
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Figure 22. Sepiolite fibres coating a primary 
silicate grain in nodular calcrete at Las Cruces. 

Figure 23. Sparry calcite fillinQ the root molds 
in the nodular calcrete at Crosbyton. 
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Hardening of the nodules may have been caused by diagenetic 

transformations such as recrystallization of micrite to microspar and 

filling of the cracks and voids by sparry calcite and chalcedony cement 

(Figure 24). Greater age and more exposure of the calcretes of the 

Llano Estacado prohahly was responsible for these diagenetic changes in 

nodular calcretes. Extremely indurated silica nodules are present at 

the base of the calcrete profile at Caprock and Tahoka. Under light 

microscope, dense, microhotroidal opal and chalcedony is seen to fill 

the pores and replac& the carbonates (Figure 25). 

Concretionary Calcretes 

The petrographic observations of concretionary calcretes from upper 

La Mesa deposits show that the these calcretes predominantly consist of 

micrite, recrystallized microspar and pseudospar, primary silicate 

grains that exhihit various degrees of weathering and clay minerals. 

The main structures shown by the carbonates are internally structureless 

peloids; spherical, smaller (less than 2 mm) concretions; and 

spheroidal, largPr (2 mm to 3 em) concretions and randomly oriented 

laminae ranging in size from 15 mm to 1 em. Abundant root structures 

and cracks traverse the concretionary calcretes. Sparry calcite and 

silica cement partially or completely fill the thin cracks. Many root 

channels with parallel linear margins are filled with clays, spherical 

concretions, peloids and silicate sand grains. 

An interlocking mosaic of micrite crystals is the most common 

fabric of the concretionary calcretes. Micrite fills the primary pores 

-------------------------------------- -----



Figure 24. Chalcedony cement (C) filling the cracks 
in the nodular calcrete at Crosbyton. 

Figure 25. Opal (0} in a silica nodule at Caprock. 
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between the silicate grains. SEM observation of the concretionary 

calcrete .reveals that the micrite crystals are 1 to 4 ~min size and 

have microporosity between them (Fipure 26). Recrystallization of 

micrite to microspar commonly is observed. Microspar crystals are 4 to 

12 ~min size, and obliterate the porosity between them by forming 

sutured boundaries (Figure 27). This recrystallization of micrite to 

microspar is partly resposible for the higher degree of induraton of 

concretionary calcretes as compared to nodular calcretes of the upper La 

Mesa deposits. 

The primary silicate grains are widely separated from each other 

and the primary porosity is occluded by the micrite cement. This 

texture is described as the "floating texture•• (Goudie, 1983). The 

floating grains show various degrees of replacement by micrite. In the 

case of ouartz grains, elongated calcite blades develop a rim around the 

margins of the grains, supgesting a replacement front starting at the 

periphery (Figure 28). Figure 29 is the SEM photo showing partial 

engulfment of two ouartz grains by micrite. The replacement of quartz 

grains by micrite starts by formation of tiny, irre~ular etch pits on 

the surface of the grain (Figure 30). The dissoluton etch pits wid~n 

and are progressively filled by micrite. In the case of feldspar 

grains, the replacement by micrite is more pronounced along cleavage 

planes (Figure 31) • Under SEM, the plagiocalse grain is seen to 

dissolve via surficial development and growth of dissolution etch pits, 

that are aligned parallel to the cleavage planes. Dissolution proceeds 

further by coaleasing of these etch pits to form interconnecting 



Figure 26. Typical ~icrite crystals in the 
concretionary calcrete at Las Cruces. 

Fioure 27. Recrystallized ~icrospar in the 
concretionary calcrete at Las Cruces. 
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Figure 28. Bladed calcite forming a rim around 
the ouartz grains at Crosbyton. 

Fioure 29. Partial engulfment of quartz grains 
byvmicrite at Crosbyton. 
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Figure 30. Etch pits on the surface of a auartz 
grain in the calcrete at Crosbyton. 

Fiaure 31. Micrite (M) replacing plagioclase along 
its cleavage planes in the calcrete at Las Cruces. 
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pores (Figure 32). Some feldspars show unusually large, single 

spherical etch pits on the surfaces of the grains (Figure 33). 
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Prsesence of the etch pits on the surface of the grains and 

subsequ~nt filling of the etch pits by micrite was also noted by Halitim 

and others (1983). The dissolution of feldspar grains may be controlled 

hy selective chemical reactions at the feldspar-solution interface 

resulting in the development and growth of etch pits ~n the surface of 

feldspar (Berner and Holdren, 1979). The origin of the single, large, 

circular etch pit on the feldspar surface is not known. 

Figure 34 shows a grain of feldspar with many horing marks on its 

surface. Occurrence of fi 1 aments and needle-fibers on the surfac·e of 

the grain is clearly seen under high magnification (Figure 35). It has 

been reported previously that dissolution of the silicate grains may 

also be induced by the action of organisms. The role of organic acids 

and chelating substances in weathering and decomposition of primary 

minerals was demonstrated hy Huang and Keller (1970). According to 

Wilson and Jones (1983), the fungal component of lichen thalli excerts 

oxalic acirls and extensively etch and weather the primary rock-forming 

minerals. Such action of organisms, along with the mechanical boring 

action may he responsible for dissolution of some primary grains in 

calcretes of the study area. 

Sepiolite and palygorskite clay minerals are present in 

concretionary calcretes, as shown hy X- ray diffraction patterns. They 

occur as ·dense bundles and grain coatings as previously shown in Figure 

21 and 22. They also fill the primary porosity between the grains and 

concretions, and also fill some root molds. 



Figure 32. Parallel, coalescing etch pits on the 
surface of plagioclase at Las Cruces. 

Fioure 33. Spheri cal etch pi t on the surface of 
an-orthoclase grain at Lubbock. 
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Figure 34. Boring marks and needle fibres on the 
surface of the feldspar grain at Las Cruces. 

Figure 35. Needle fibres on the surface of feldspar 
shown in Figure 34. 
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Subhorizontal cracks are freouently observed in concretionary 

calcretes, which are filled partially or totally by calcite cement. 

Subhorizontal cracks commonly originate from alternate wetting and 

drying in ~esert climates (Reeves, 1970). Expansion of these cracks by 

growth of roots was proposed as an important mechanism in calcretes 

(Klappa, 1980a) . Growth of roots generally follows water, so a root 

will enter a small crack filled with water, , then force the crack open as 

it grows. This process is called root-wedging (Sowers, 1985). The 

cement crystals are bla~ed or fibrous in shape, are about 50 ~m in 

length, 3 to 5 vm in diameter, and may be arranged in pallisa~es or are 

clustered together in botryoidal shapeo aggregates (Figure 36). The 

fibrous shape of the cementing calcite in channels may have resulted by 

recrystallization of· the original needle-fibers precipitated under 

influence of organic ~lecules in the system, but this cannot be 

substantiated without further investigation. Sparry calcite cement also 

fills the circular and elongated voids, which are likely to be root 

molds. 

Circumgranular cracks that p_ass around the margins of large grains 

are frequently observed in concretionary calcretes (Figure 37). These 

cracks may oevelop in dry seasons due to the difference in the 

co~esiveness between grain and surrounding matrix (Swineford and others, 

1958). Bladed or eouigranular calcite cement as well as silica cement 

may fill these cracks totally or partially. Peloids and small spherical 

concretions are present in the calcretes from upper La Mesa deposits of 

Las Cruces. Peloids are 0.5 to 2 mm in size, internally strucutreless 

and spherical to irregular in shape. They are composed of 



Fi~ure 36. Fibrous calcite cement filling a 
subhorizontal crack in concretionry calcrete 
at Las Cruces. 

Figure 37. Circumgranular crack (C), partially filled 
by calcite in concretionary calcrete at Tahoka. 
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fine-grained carbonate and way contain none or several silicate grains 

within themselves. Concretions range in size from 0.5 to 2 mm and are 

spherical in shape. They may have single silicate grains or peloids as 

nuclei, and may have one or several indistinct, concentric laminae, 

composed of micrite, around the nuclei (Figure 38}. The silicate grain 

nuclei of the concretions show corroded and embayed margins. The size 

of a concretion depends on the size of its nucleus. There is a marked 

tendency for precipitation of carbonates around the nucleus in such a 

way as to create a spherical particle (Figure 39, arrow}. If the 

silicate grain nucleus is elongated in shape, then the deposition of the 

fine-grained carbonates is much thicker on the sides than on the ends of 

the nucleus. 

SEM observation of a spherical concretion surface reveals presence 

·af many circular holes of diameter ranging from 20 - 30 ~m (Figure 40). 

The surface is composed of micrite and rod-shaped calcite structures 

with a length of about 10 um and diameter of about 0.5 ~m. A high 

magnification view of the nucleus of the spherical concretion reveals 

that the silicate ~rain nucleus is dissolvin~ via formation of many 

dissolution etch pits on the surface. Anhedral micrite, rod-shaped 

calcite structures and wicrofibrills fill the etch pits and are present 

on the surface of the concretion. 

The contact between the silicate nucleus and the 1 ami na is very 

indistinct. The inner part of the laminae is principally composed of a 

cryptocrystalline mosaic of micrite crystals. In the outer part of the 

laminae, abundant rod-shaped calcite structures are present (Figure 41). 

At places, these rods are altering to micrite crystals (Figure 42). 



Figure 38. Peloids (P) and spherical concretions (C) 
in the concretionary calcretes. 

Figure 39. Spheroidal concretion around elongated nucleus. 
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Fiaure 40. Rcot molds on the surface of a 
spherical concretion at Las Cruces. 

--------~- -
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Figure 41. Rod shaped calcitic structures in the 
lamina of a spherical concretion at Las Cruces. 

Fioure 42. Disintigrating calcite rods in the lamina 
of~a spherical concretion. 
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SEM examination of a second type of concretion shows that the 

lamina is composed of micrite and microfibrills . The microfibrills are 

more common in the outer part of the lamina. They are about 1 ~m in 

len9th and about 0.2 ~min diameter and show branching (Figure 43). The 

interfibrillar space is occupied by micrite. A filament is present 

within these microfibrills. Figure 44 shows an •arched up• lamina 

consisting of microfibrills on its surface . 

SEM examination of the third kind of concretion from the Tahoka 

calcrete deposit reveals that the lamina is composed completely of 

cryptocrystalline anhedral micrite crystals. The silicate grains 

present within and between the laminae show a strongly corroded nature 

in all of these concretions. Figure 45 shows schematic a drawing of 

three types of spherical concretions observed under SEM. 

Knox (1977) observed that coatings around the grains show many 

borings and tubules. Calvet and Julia (1983) found that the laminae of 

concretions (which they referred to as pisoids without regard to the 

size or genetic implication of the term) from Tarragona, Spain, consist 

of different microstructures such as whisker crystals, microfibers, 

calcified filaments, peloids and cryptocrystalline micrite. They 

proposed that the development and growth of the pisoids starts in the 

nucleus and the laminae grow outwards in an accretionary and centrifugal 

way through the formation of different microstructures. The 

precipitation of different microstructures is controlled by the action 

of roots, fungi and bacteria. In the case of older pisoids, the 

delicate microstructures were transformed into micro- or crypto

crystalline micritic crystals. The peloids formed by agglutination 



Figure 43. Microfibrills in the lamina of a 
spherical concretion at Las Cruces. 

Fioure 44. An 'arched up' lamina consistin~ of 
microfibrills in the spherical concretion ~ 
at Las Cruces. 
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Fioure 45. Schewatic drawincs of microstructures in 
the laminae of spherical concretions from calcretes 
of the study areas. 
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mechanisms under orpanic influence, starting as 'fungotufas• and grew by 

accretion of fine-grained carbonates and clays. 

The diagenetic scenario proposed by Calvet and Julia (1983) seems 

to be applicable to the formation of peloids and smaller spherical 

concretions from the stuoy area. The rod-shaped crystals shown in 

Figure 41 may be recrystallized needle-fibers, that may have 

precipitated under the influence of organic molecules present in the 

system. Microfibrills in Figure 43 may be the resistant cell-wall 

material left behind after decomposition of the organic material. The 

presence of filaments among the microfibrills may indicate the presence 

of fungi. The circular holes on the surface of the concretion have 

appropriate size for the root molds. The arched up lamina in Figure 44 

may have been formed by root hairs, and resembles the alveolar 

structure reported from calcretes. Diapenetic transformations of the 

delicate structures into micrite that starts in the inner part of the 

laminae is resposible for the micritic appearence of the laminae. 

Concretionary calcretes contain spherical concretions without any 

visible nuclei, which may have resulted from total replacement of 

silicate grains by Caco3• The presence of organically influenced 

calcite crystals, and dark organic matter within these concretions 

indicates that they are formed under strong organic influence, possibly 

that of roots and fungi. The spherical concretions form due to 

combination of inward replacement of silicate grains by Caco3 as well as 

outward growth of Caco3 under or~anic influence to form spherical 

particles. 
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In many instances, peloids and spherical concretions are abundant 

in lenticular shaped cavities and exhibit point contacts with each other 

(Figure 46). The clastic dPpositional fabric of these spherical 

concretions suggests some transportation and deposition in underground 

channels. In some cases, the primary porosity is partially occluded by 

clays and fine-grained carbonates. The mode of occurrence of these 

peloids and spherical concretions suggest~ that they originated under 

organic influence and were transported by rather high velocity flow of 

meteoric waters ~oving through root channels and deposited within a 

short distance in these root channels along with ciays during wetter 

periods . 

Figure 47 shows examples of larger concretions from the 

concretionary calcrete of the upper La Mesa deposit, that are about 2 mm 

- 2 em in diameter and spheroidal in shape. They consist of a central 

nucleus and a few, in~istinct, micritic laminae around the nucleus. The 

nucleus may consist of several primary silicate grains "floating" in 

the micritic matri x, and being replaced by micrite to various ~egrees. 

The nucleus may also he a composite of many smaller spherical 

concretions and peloids. The number of laminae in these larger 

concretions ranges from one to four. They have very indistinct contacts 

with each other and with the nucleus, and they are arranged around the 

nucleus in a vagualy circular and cetrifugal pattern (Figure 48 ) . The 

la~inae are composed of anhedral micrite crystals and abundant circular 

or elongated radial calcite structures ranging in size from 5 to 50~m. 

The appearence of the laminae of the concretion is exactly the same as 

that of horizontal · laminar calcrete developed on top of the calcrete 



Figure 46. Spherical concretions without any nuclei and 
showing clastic depositional fabric within root molds. 

Figure 47. Spheroidal concretions in the 
calcretes at Las Cruces. 
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Figure 48. Circular or centrifugal laminae around the 
nucleus in the spheroidal concretions at Las Cruces. 
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deposit. Therefore the petrographic studies of the laminae of the 

larger concretions as well as that of horizontal laminar calcrete will 

he discussed together under the titlP. 11 laminar calcrete ... 

The inter-concretionary material consists of primary silicate 

grains floating in the matrix of micrite, microspar and psuedospar. 

Clay minerals also fill the porosity between them. ~any small rootlets 

or root hair structures are present. Figure 49 shows alveolar structure 

that consists of arched up laminae composed of micrite. This structure 

is frequently reported from calcretes, and is thought to form by 

precipitation of carbonates on root-hairs or rootlets during life or 

just after the death of the plant. The interspace between the arched up 

laminae is occupied by sparry or fine-grained calcite cement, or may be 

open. 

Laminar Calcretes 

Figure 50 displays laminar calcrete from the upper La Mesa deposit 

as seen under a light microscope. The laminae are indistinct and are 

more readily seen in the lower power than in the higher power under the 

microscope. The finely laminated appearence of the laminar calcrete as 

well as that of laminae of larger concretions is due mainly to the 

organic-rich, dark laminae alternating with calcite-rich laminae .. 
containing less organic matter. The individual lamina range in 

thickness from 10 ,t~m to 0.2 mm, ann have indistinct boundaries with 

each other. At places, the laminae cross-cut each other as shown in 

Figure 51. The dark, organic-rich laminae are slightly arched~up and 



Figure 49. Alveolar structures (A) from the 
concretionary calcrete at Las Cruces. 

Fioure 50. Laminar calcrete from Las Cruses showing dark. 
oroanic- rich laminae an~ lioht calcite-rich laminae. 

' ~ 
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Figure 51. Laminae cross-cutting each other from 
the laminar calcrete at Las Cruces. 
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undulatory. Primary silicate grains with corroded surfaces are 

dispersed within and between the laminae. The replacement of these 

grains is seen to have reached more advanced stages in laminar calcrete 

than in any other part of the calcrete. A high magnification view of 

the laminae under a light microscope(Figure 52) reveals that they are 

composed of micrite, organic detritus and abundant circular or elongated 

calcite structures. These structures are composed of rarlially arranged, 

poorly defined, minute fibers originating from the center of the 

structure. The circular spherulites range in diameter from 2 to 10 ~m 

and elongate structures vary in length from 10 to 80 urn. At places, 

dark, roughly hexagonal, organi c-rich 'walls' surround the spherulites 

partially or totally (Figure 52, arrow). These fibrous structures 

extensively corrode and replace the primary silicate grains (Figure 53). 

SEM observations of the circular spherulites shows that petal- or 

prismatic-shaped calcite crystals are arranged radially around a central 

circular void (Figure 54). These crystals range in length from 1 - 2...um 

and in width from 0.1 - 0.5 ~m. The central void may be open or be 

filled with microfihrills (Figure 55). In the case of elongated bodies, 

the petal- or prismatic shaped calcite crystals are arranged on either 

side of a tubular, slightly sinuous, linear void (Figure 56). The 

linear void may he open or filled with microfibrills. Figure 57 shows a 

low magnification view of lamina around the larger concretions that is 

packed with these circular or elongated radial calcite structures . 

These structures are formed in place as indicated by their well

maintained form and delicateness of ultrastructures. Close inspection 
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Figure 52. Spherical and elonaated radial calcite 'Microcodiuw' 
with organic 'walls' (arrow) in the laminar calcrete. 

Fioure 53. Microcodium replacing the silicate grain 
from the laminar calcrete at Tahoka. 



FiQure 54. Transverse section of Microcodium in the 
laminar calcrete at Las Cruces. 

Fioure 55. Transverse section of Micrococium with 
central void filled in laminar calcrete at Las Cruces. 
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Figure 56. Longitudinal section of Microcodium 
in the laminar calcrete at Las Cruces. 

Fioure 57. ~icrocodium in the laminar coatino of 
spheroidal c0ncretion from concretionary calcrete. 
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of the ultrastructures of the spherulites reveals the following features 

indicating presence of roots : 

1. the morphology of circular spherulite suggests that it could be the 

transverse section through a plant root hair or a roolet, while that of 

an elongated structure could be the longitudinal section through a root 

hair or a roolet. 

2. the dimensions of the Microcodium fits that of plant rootlets from 

West Texas and New ~exico (Hawley, 1986, personal communications) • 

3. calcite crystals show curved faces common to organically precipitated 

calcite rather than inorganically precipitated calcite. 

4. the presence of microfihrills that are interpreted as resistant cell

wall material in and around these structures. 

There is a strong resemblance between these structures and the 

structures i rlent ifi ed as 11 Mi crocodi um 11 by severa 1 authors (Lucas and 

Montenat, 1967; Ward, 1970; Estehan, 1973; Rociergat, 1974; True, 1975a, 

1975b; Klappa, 1978; Chafetz and Butler, 1980). Microcodium frequently 

is reported to have formed on carhonate-rich suhstrata and is associated 

with pedogenic deposits. Microcodium corrodes and reprecipitates 

carbonates in sereach of trapped organic matter ( Lucas and Montenat, 

1967; Estehan, 1972; Bodergat, 1974; True, 1975). Lucas and Montenat 

thought that Microcodium was the result of filamentous hacteria. 

Rociergat (1974) attrihuted the origin of Microcodium to various 

microorganisms, especially actinomycetes. Klappa (1978) inferred that 

Microcodium was mycorhizaP., that is a symbiotic associaton between . 

cortical cells of the roots and soil fungi. 
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Observations of the polished slabs of lawinar and concretionary 

calcretes under laser fluorescence microscope reveals the presence of 

abundant organic material. The organic materials show sowe 

characteristic properties in white reflected light and blue fluorescent 

light . The property of reflectance dep~ncs on the degree of parallel 

arrangement of aromatic plates present in the surface of the organic 

material. The property of fluorescence depends on the degree of 

~xcitation of atows of the material in the presence of the ultraviolet 

light. 

Two main types of organic materials are recognized from the 

calcrete lawinae of the study area under fluorescent microscope. The 

first group of organic substances shows dull to medium reflectance 

(Figure 58) and very high fluorescence in colors of brown or orange 

(Figure 59). This group of organic substances is called vitrinite which 

originates mainly from the humic-acid fraction of humic substances, 

which are dark-colored cowpounds of complex composition. The vitrinite 

forms through mouldering of the lignin and cellulose of the plant-cell 

walls. Roots, bark and stems are involved in the formation of 

vitrinite. Because roots are underground plant organs, they are better 

protected from oxidation and often contribute to the formation of 

vitrinite (Stach and others, 1982). The second group shows very high 

reflectance in white light (Figure 60) and no fluorescence in blue light 

(Figure 61). This group of organic substances is called the inertinite 

group which also originates from cellulose and lignin from the cellwalls 

of the plants. However, due to the fuzinization which includes charring, 

.oxidation, mouldering or fungal attack before deposition, inertinite 



Figure 58. Vitrinite in wnite rcfl ecteo lioht 
from the laminar cJl crete Jt -JS ~ r~ cPs . 

Figure 59. Vitrinite in blue fluorescent light 
from the laminar calcrete at Las Cruces. 



Figure 60. Inertinite in white reflected light 
from the laminar calcrete at Las Cruces. 

Fioure 61. Inertinite in blue flourescent light 
fro~ the la~inar calcrete at Las Cruces. 
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with relatively high proportions of carbon is produced (Stach and 

others, 1980}. The presence of abundant inertinite and vitrinite 

strongly sug~ests the presence of roots, and possibly of fungi from the 

laminar calcrete as well as in the outer laminae of large spheroidal 

concretions. Figure 62 shows that part of the vitrinite is being 

converted to inertinite due to the oxidation of part of the root. Very 

freauenty, calcite replaces vitrinite (Figure 63}. Low contrast between 

replacive calcite and surrounding calcite cement makes it difficult to 

docu~nt this process, but it is likely that this phenomenon is very 

common and is responsilble for the replacement of roots by calcite in 

the calcrete laminae. 

The occurrence of Microcodium and vitrinite in laminar calcrete as 

well as in outer laminae of large spheroidal concretions in the study 

area is characteristic. Some microorganisms, particularly fungi and 

bacteria might have played a role in precipitation of calcite in and 

around roots, because the presence of such microorganisms is very 

common near roots in the soil (Kindle, 1925; Burgess,1958}, but it 

cannot be readily proved in the present study. For a detailed 

discussion of precipitation of calcite in and around roots, see Calvet 

and others (1975}, Klappa (1978a}. Considering that the calcrete 

la~inae contain abundant Microcodium and the formation of Microcodium is 

related to roots, the following scenario (Figure 64} for the formation 

of laminar calcrete and outer laminae of spheroidal concretions is 

proposed : 

1. Formation of soil within the host material. Smaller, spherical 

c~ncretions and peloids form under organic influence of roots. Micrite 



Figure 62. Vitrinite being converted to 
inertinite in la~inar calcrete. 

Figure 63. Calcite replacing vitrinite from 
the la~inar calcrete at Las Cruces. 
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Step 1- ~1icrite cements and replaces 
primary silicate orains. Peloids 
and spheroidal concretions form by 
accretion of different microstructures 
under organic influence. 

Step ?- Relatively i~permeable 
concretions form due to patchy 
cementation of primary grains 
and peloids . 

. step 3- Water follows path of 
least resistence and moves around 
concretions. Roots and microorganisms 
follow. Laminae develop around the 
concretionary nuclei. Matri x becomes 
relatively impermeable to percolating 
water. 

Step 4- Water flows horizontally 
over plu9Qed horizon. Roots and 
Microcodium follow. Laminar calcrete 
develops on top of the deposit. 

Fi9ure 64. Formation of concretionary laminae and 
laminar calcrete at study areas. 



continues to cement and replace the primary silicate grains. 

2. Downward percolating waters precipitate micrite cement between 

primary silicate grains as well as between spherical concretions and 

peloids. Relatively impermeable nodules and spheroidal concretions 

develop in the soil profile. The non-concretionary matrix is more 

permeable and porous to the downward percolating waters. 
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3. Downward percolating waters follow pathways of least resistance and 

move around the concretions. Roots follow moisture and may provide 

surface for habitation of microorganisms. Microcodium develops and 

forms few and indistinct outer laminae around the nodular nuclei. 

Ultimately, the whole concretionary zone becomes relatively impermeable 

or 11 plugged 11 to downward percolating waters. 

4. Water is forced to move laterally over the plugged zone. Roots 

follow the moisture and grow laterally. Microcodium develops, giving 

rise to horizontal laminar calcrete. The silicate grains continue to be 

replaced by micrite. 

The general seouence is similar to the one proposed by Gile and 

Grossman (1979) as regards to water movement. The main difference is 

that the laminae around larger, spheroidal concretions and laminar 

calcrete are seen to form predominantly by precipitation of calcite 

unrler organic influence of roots and possibly of fungi, rather than 

simple inorganic precipitation of carbonates due to evaporation. Figure 

65 is a schematic drawing of different microtextures and structures 

found in the calcrete deposit, and their relative positions in an 

idealized calcrete profile. It is seen that strong biologic influence 

on formation of carbonate structures in soil determines to a 
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large extent the morphology and extent of formation of pedologic 

calcretes. As time progressPs, calcretes may become hrecciated due to 

climatic changes or due to root penetrations (Klappa, 1983). Many 

c0mplex hrecciation structures may become superimposed on the genetic 

structures, rendering the calcrete profile extremely complex. 

Calcretes Developed in Pebbly Limestone Regolith 

Large geopetal pendants of length ranging from 4 mm to 10 em and 

width ranging from 3 mm to 5 em are developed on the underside 0f 

limestone pebbles in the pehbly regolith. Most of the pendants are 

unidirectional, indicating effects of gravity on pendant formation in 

open voids. Occasionally, a rotated pendant is seen, indicating a 

movement in the regolith. Sometimes a small pendant is included in a 

larger pendant. Figure 66 exhibits limestones pebbles showing vadose 

miniscus cements. Figure 67 is an acid-etched slab of the calcrete, 

where quartz-rich laminae 0ccur against the calcite-rich laminae. 

Under a light microscope, dominantly two types of pendants are 

seen. The nuclei for both types of pendants are Edwards Limestone 

pebbles, ranging in size from 5 mm to 3 em. In the first type of 

pendant (Figure 68), laminae dominantly composed of micrite alternate 

with laminae dominantly composed of sparry calcite. The micrite laminae 

consist of either dense micrite or pelletoidal micrite layers with s0me 

recrystallized microspar within it. Primary silicate grains are 

arranged in these laminae in a crude dish-like pattern (Figure 68). The 



Figure 66. Liwestone pebble showing 
vadose miniscus cement. 

Fioure 67. Acid-etched slab of Fluvanna calcrete 
showing geopetal penrlants developed in a regolith. 
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Figure 68. Primary silicate grains occurring in a 
micritic laminae in a geopetal pendant. 
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alternatin~ lawinae consisting of sparry fibrous calcite, have no 

silicate Qrains within them. In the second, more complex type of 

pendants, th i r~ type of ouartz-rich laminae are present in addition to 

the micritic and sparry calcite laminae. Here, diagenetic silica, 

present in the form of .opal, is present in large proportions. Opal 

occurs as microbotryoidal cement around the primary silicate grains and 

p~loids (Figure 69), as well as microgravitational cement precipitating 

in open voids (Figure 70). The interpendant material consists of 

peloids that may have many or some silicate Qrains within them (Figure 

71) and silicate grains with micritic coatings . Under SEM, a micrite

rich lamina is seen to be composed of rhombic to anhedral micrite 

crystals along with some wicrofibrills (Figure 72). In the opal-rich 

layers, a microbotryoidal silan is seen coating a slicate grain (Figure 

73) . The dense opal cement contains psudohexagonal cristobalite blades 

that either are stacked up on each other or are ramdomly oriented 

(Figure 74). 

The presence of geopetal pendants in calcretes has been reported 

before by Gile an~ others (1966), Harrison (1970), Harrison and Steinen 

(1978) and Knox (1977). The fol.l owing scenario is proposed for the 

forwation of large Qeopetal pendents in Fluvanna calcrete deposits based 

on seouence of diagenetic fabrics : Regolith with large primary voi~s 

developed on the succession of Edwards Limestone and Ogallala sands. 

-Downward thickened laminae and microstalactitic opal cement present in 

the laminae indicate the downward movement of percolating water in an 

open void under the influence of gravity. Due to rapid evaporation of 

water on the underside of the pebble, a fine-grained micrite lamina 



Figure 69. Microbotriodal opal ce~ent in an 
opal-rich lamina in a geopetal pendant. 

Fioure 70. Micro.aravitational opal ce!T1E'nt in a 
~eopetal pendant-from Fluvanna calcrete. 



Figure 71. Interpendant material consisting of 
peloids in the Fluvanna calcrete. 

Fioure 72. Micrite crystals and microfibrills in a 
~icritic la~ina in a 9eopetal pendant 
from the Fluvanna calcrete. 

90 



Figure 73. A ~icrobotrioidal silan coating a 
silicate grain in a geopetal pendant. 

Fioure 74. Psudohexaoonal cristobalite cement from 
opal-rich lamina in a geopetal pendant 
from the Fluvanna calcrete. 
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develops. The silicate grains of Ogallala sands get washed in the large 

cavities. The crude dish-like arrange~ent of the silicate grains in the 

~icritic lamina suggests that they were held in that manner possibly by 

so~ muciliageneous organisms. The presence of microfibrills within the 

micritic laminae in Figure 70 indicates the former presence of 

microorganisms . Under the influence of organic molecules, needle-fibers 

of calcite are precipitated, which later on get recrystallized to 

fibrous calcite during wetter periods under free movement of water in 

the open void. Some peloids in the micritic la~inae form due to total 

replacement of silicate grains by micrite (Figure 75). The peloi ds also 

may have been washed in the cavity, and held in the laminae in a crude 

dish-like pattern. In case of laminae rich in diagenetic ouartz, the 

·precipitation of opal may have taken place during wetter times. 



Figure 75. Micrite replacing silicate grains to 
form peloids · in a ~eopetal pendant. 
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CHAPTER VI 

SUMMARY AND CONCLUSIONS 

A comprehensive petrographic investigation of calcretes developed 

in place in loose. sands and regolith was conducted. The calcretes from · 

Tahoka, Lubbock, Crosbyton, Caprock and Fluvanna are in west Texas, and 

are developed on the Llano Estacado surface, while the calcretes from 

Las Cruces in southeastern New Mexico are developed on the La Mesa 

surface, both being stable geomorphic surfaces since the Mio-Pliocene 

and the Pleistocene times respectively. The climate of the study ares 

is semi-arid and the annual precipitation is between 8 to 18 inches. 

The source of calcium is external, and evaporation from downward 

percolating meteoric water that carries Ca2+ is responsible for the 

deposition of calcium carbonate in soils to form calcretes. 

Except at Fluvanna, calcretes have developed within loose sands at 

all other localities, where the silicate grains are progressively 

dissolved and precipitation of Caco3 takes place to form calcretes. 

Three distinct macrotextures are developed in calcretes depending upon 

the relative positions in the calcrete profile, such as a nodulAr 

interval at the base of the calcrete deposit, followed upwards by 

concretionary and laminar intervals. The nodular calcretes 

predominantly consist of calcified organic filaments, low-magnesian 

calcite needle-fibers, micrite, recrystallized microspar and pseudospar, 

diagenetic opal-CT and sepiolite and palygorskite clay minerals. 

Primary silicate grains with pitted surfaces are distributed throughout 
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the nodular calcrete. Calcified root-hairs and fungal filaments range 

in size from 40 to 60 Jum and are coated with tangential needle-fibers 

and micrite. The presence of 1 ~m size microfibrills on the surface of 

the filaments suggests that microfibrills are resistant cell-wall 

material left after decow.position of the original organic material. 

Calcite needle-fibers are extreme forms of acicular crystals and their 

. inti~ate association with the organic fila~ents indicates that they 

precipitate under strong influence of organic molecules present in the 

system. Micrite results by rapid precipitation from intense evaporation 

of supersaturated solutions, or by disintegration of needle-fibers and 

filaments. Sepiolite and palygorskite precipitate in primary pores and 

occur as dense bundles and grain coatings. Primary silicate grains 

dissolve chemically or possibly under organic influence through 

· for~ation of etch pits on the grain surface, and their place is taken by 

carbonates . In the case of west Texas deposits, many cracks and root 

molds filled with calcite and silica cements, along with recrystallized 

microspar are responsible for hardening of the calcrete nodules. 

Extremely jndurated silicified nodules are found at the base of some 

calcrete deposits, where opal cements and replaces the carbonates. 

Concretionary calcretes are similar in composition to nodular 

calcretes. The dominant microstructures present are : 

1. s~all spherical concretions ( often referred to as calcrete ooids) 

ranging in size from 0.5 to 2 mm with siJicate grains as nuclei and one 

or ~ore indistinct laminae surounding the nuclei. Carbonates replace 

silicate grain nuclei to various degrees, sometimes entirely replacing 

. them. Laminae grow outward in spherical fashion irrespective of the 
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shape of the nuclei. The laminae are composed of microfibrills, calcite 

rods and micrite . Growth of spherical concretions takes place by a 

combination of inward replacement of silicate grain nuclei and outward 

spherical growth of laminae through formation of organically influenced 

microstructures such as microfibrills and rods. The microstructures are 

altered into micrite in the case of older concretions. Concretions and 

sand grains sxhibit clastic depositional fabrics with grain to grain 

contacts wit~in root channels. This indicates removal from the site of 

for~tion of the concretions and transportation and deposition by water 

flowing relatively rapidly through the channels during wet periods. In 

many instances, clay was deposited with concretions and sand grains. 

2. relatively large, spheriodal concretions (often referred to as 

calcrete pisoids} range in size from 2 mm to 4 em and may have nuclei 

consisting of several silicate grains and smaller, spheroidal 

concretions. These may contain two to four, thin, indistinct laminae 

around the nuclei. 

3. alveolar structures in the matrix of concretionary calcretes 

indicate presence of abun~ant roots. 

Laminar calcretes occur as horizontal uppermost zone of calcrete as 

well as non-horizontal curvilinear sheet-like structures extensions of 

which envelope densely cemented nodules and concretions in the 

concretionary zone. It consists of alternating, dark, organic-rich 

laminae and light calcite-rich laminae. The laminar calcrete is very 

similar in appearence to the laminae of large, spheroidal concretions. 

Both types of laminae contain dense accumulations of radial or elongated 

calcitic structures resembling Microcodium. The morphology and 
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ultrastructures of Microcodium suooests that its formation is related to 
~~ 

the rootlets and root-hairs. The presence of abundant vitrinite and 

inertinite also strongly su~gests the presence of roots and possibly of 

fungi in laminae of spheroidal concretions and laminar calcrete. The 

following scenario is proposed for forwation of laminar calcrete 

Because of the patchy cementation between swaller concretions and 

silicate grains, rounded zones of relatively impermeable calcrete 

develop. Water follows path of least resistance and moves around these 

relatively impermeable concretions. Roots follow water and Microcodium 

develops around roots, giving rise to indistinct laminae around 

concretions. Water is forced to move horizontally above the plugged 

horizon, roots follow water and Microcodium develops giving rise to 

horizontal laminar calcrete. The smaller concretions may have formed 

during dry periods while the laminar calcrete may have formed during 

wetter periods concomittant with growth of roots-mat like system. 

Formation of calcretes is seen as a pedogenetic and diagenetic 

transformation of a non-calcareous host material into a carbonate-rich 

deposit, given an external source of calcium. Strong biologic 

influence, especially that of plant roots in soils, on the formation of 

carbonate structures largely determines the morphology and extent of 

formation of pedogenic calcrete deposits. 

Fluvanna calcrete is developed in a regolith consisting of 

limestone pebbles and Ogallala sands. Geopetal pendants of size ranging 

from 3 mm to 3 em are developed on the bottom side of the pebble nuclei 

in large primary cavities. Three types of laminae, predominantly 

composed of micrite, sparry calcite and opal are intercalated 
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within the pendants. Primary silicate grains and peloids get washed 

into the cavities and are held there in a crude dish-like pattern, 

possibly by adhering to the surfaces of mucilageneous microorganisms as 

indicated by presence of microfibrills. Opal cement with 

microgravitational and microbotrioidal morphologies may have 

precipitated during wetter periods. 
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